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patients with cervical intraepithelial neoplasm
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Abstract. Digital colposcopy built around a smartphone is
becoming common, and this has advantages for telemedicine
and data sharing by taking advantage of smartphone char-
acteristics. However, digital colposcopy itself is not allowed
in clinical practice in Japan. The aim of the present study
was to investigate the feasibility of mobile digital colposcopy
incorporating a smartphone for management of cervical
screening in Japanese patients. Patients who underwent
colposcopy at Saitama Medical University International
Medical Center between July 2019 and February 2020
were enrolled in the present study. The inclusion criteria
were women aged 21-65 years old referred for colposcopy
following the Japanese standard of care. Written informed
consent was obtained from all patients. A total of 40 patients
(52 tests) were included in the study. Following the standard
of care, acetic acid was applied to the cervix, which was
then visualized using a traditional colposcope, with biopsies
collected as necessary. The cervix was then visualized and
an imaged was captured using a mobile digital colposcope
incorporating a smartphone (EVA System; Mobile ODT). All
images were collected before biopsy. Images were stored on a
secure cloud portal for subsequent evaluation by the provider
who performed the conventional colposcopy, and the diag-
noses were compared. The present study was approved by the
Institutional Review Board of Saitama Medical University
International Medical Center (Hidaka, Japan). The match
rates for diagnoses were 75%. The match rates for the actual
(from conventional colposcopy) and assumed (from digital
colposcopy) biopsy sites were 61, 16 and 23%, based on
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definitions of the ‘same’, ‘almost the same’ and ‘different’,
respectively. The present results indicated that =75% cases
were equivalent in digital colposcopy and conventional
colposcopy. This suggests that digital colposcopy may not be
inferior to conventional colposcopy.

Introduction

More than half a million women are diagnosed with cervical
cancer (1). Introduction of the Pap smear test has markedly
decreased the mortality rate of cervical cancer, but cervical
cancer is the fourth most common female malignancy
worldwide and is still one of the leading causes of death
worldwide (1-5). Incidence and mortality vary widely with
geographic location, and ~90% of cervical cancers occur in
low-income and middle-income countries that lack organized
screening and HPV vaccination programs (1). To reduce
cervical cancer mortality, each management step - vaccina-
tion, screening, colposcopy, and treatment - is essential (1,4,5).
Among these, colposcopy is frequently performed as a
detailed examination after an abnormal screening result (6,7).
Colposcopy is a visual examination, in which acetic acid is
applied to the cervix and then the cervix is visualized using
magnification through a colposcope. In Japan, colposcopy and
consecutive biopsy are performed for such patients as with
abnormal cytology or normal cytology and high-risk HPV
infection.

Digital colposcopy built around a smartphone is
becoming common, and this has advantages for telemedi-
cine and data sharing by taking advantage of smartphone
characteristics (8-12). Also, digital colposcopy is considered
to be promising in that it can rapidly and relatively inexpen-
sively screen the patients (11). However, digital colposcopy
itself is not allowed in clinical practice in Japan. If digital
colposcopes can be shown to be comparable to traditional
colposcopes, then they can be useful to reduce the regional
disparity through telemedicine and data sharing mentioned
above. Also, efficient data collection may be contributed
for development of deep learning solutions (13). For this
reason, in this study we investigated the feasibility of using a
mobile digital colposcope that incorporates a smartphone, in
comparison with a traditional colposcope, in a population of
Japanese patients.
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Figure 1. Patient background. (A) Age (years). (B) Cytology results in the same period as colposcopy. Saitama Medical University International Medical
Center (Hidaka, Japan) is a comprehensive cancer center, which is why most of the patients required a treatment intervention for HSIL or more. Cytology and
colposcopy are usually performed at the same time, which is why some results were NILM. NILM, negative for intraepithelial lesion or malignancy; ASC-US,
atypical squamous cells of undetermined significance; LSIL, low grade squamous intraepithelial lesion; ASC-H, atypical squamous cells cannot exclude HSIL;

HSIL, high grade squamous intraepithelial lesion.

Materials and methods

Patient population. This study was approved by the Institutional
Review Board of Saitama Medical University International
Medical Center (approval no. 19-026, 12/Jun/2019; Hidaka,
Japan). Patients who underwent colposcopy at Saitama
Medical University International Medical Center between
July 2019 and February 2020 were enrolled in the study. The
subjects were women aged 21-65 years old who were referred
for colposcopy following the standard of care. The exclusion
criteria were pregnancy, prior history of cervical cancer, prior
history of a cervical excisional procedure, and hysterectomy.
Written informed consent was obtained from all subjects. A
total of 40 patients (52 tests) were included in the study. Some
patients were tested two times through follow-up. The clinical
background of the patients is shown in Fig. 1. The median
age was 46 (range, 27-65) years (Fig. 1A). Cytology results
are shown in Fig. 1B. Colposcopy was performed at initial
visit, just before conization (preoperative examination), or if
abnormal cytology was detected.

Colposcopy. A standard colposcopy procedure was performed
using a conventional colposcope (Kolposkop 150 FC,
Carl Zeiss), after which an image of the cervix was captured
using a mobile digital colposcope that incorporated a smart-
phone (Eva Colpo, MobileODT) (10-12). All images were
collected before biopsy. The Zeiss colposcope was attached
to a digital camera, but examiners mainly used the binoculars
for visualization. The images stored from the mobile digital
colposcope were evaluated after two weeks or more by the
examiner who had also performed the conventional examina-
tion. The wait period of two weeks was used to ensure that
the examiner would no longer remember their initial clinical
impression and allow a fair comparison between the methods.

Evaluation. The diagnosis and site chosen for biopsy based
on conventional colposcopy were compared with those

that would have been determined using the digital images.
Diagnoses were classified as normal, cervical intraepithelial
lesion (CIN) 1, CIN2, CIN3, invasive cancer, adenocarcinoma
in situ (AIS), and unsatisfactory colposcopic findings (UCF).
Diagnoses that matched between conventional and digital
colposcopy were defined as the ‘same’, and others were
defined as ‘different’. Biopsy sites were compared by dividing
the cervix into twelve clockface regions. If the actual (from
conventional colposcopy) and assumed (from digital colpos-
copy) biopsy sites matched, they were defined as the ‘same’; if
the sites differed by one clockface region, they were defined as
‘almost the same’; and all others were ‘different’. The patho-
logical findings were confirmed by biopsy or conization, and
the pathological diagnosis was confirmed by pathologists.

Statistical analysis. JMP 15 (SAS Institute, Inc.) was used
for statistical analysis. A paired t-test was used to compare
the means of matched rates between pathological diagnosis
and colposcopy diagnosis. The data are presented as the
mean =+ standard deviation. P<0.05 was considered to indicate
a statistically significant difference.

Results

A representative image from digital colposcopy is shown in
Fig. 2A. The match rates of the actual and assumed biopsy
sites (Fig. 2B) were ‘same’ 61%, ‘almost the same’ 16%, and
‘different’ 23%. A comparison of diagnoses using conventional
and mobile digital colposcopy (Fig. 3A) gave match rates for
diagnoses (Fig. 3B) of ‘same’ 75% and ‘different’ 25%. Cases
with diagnoses from visual examination that were ‘different’
in Fig. 3A are shown in Table I. Sample size was too small
to carry out any statistical analysis such as chi-square test. It
seemed that diagnoses of conventional colposcopy were more
matched to pathological diagnoses than those of digital colpos-
copy in ‘different’ populations, however, overall matched rates
between pathological diagnosis and colposcopy diagnosis were
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Table I. Cases in which the results were ‘different’.
Age, years Gravida, n Para, n Pathological diagnosis Conventional colposcopy Digital colposcopy
30 0 0 CIN1 CIN1 CIN2
51 2 2 Adenocarcinoma CIN2 CIN3
47 2 2 CIN3 CIN2 CIN3
48 4 2 CIN3 CIN2 CIN3
45 4 3 CIN2 CIN2 CIN3
47 1 1 CIN3 CIN3 CIN2
37 0 0 CIN3 CIN3 CIN2
50 0 0 CIN2 CIN3 CIN1
50 0 0 CIN2 CIN3 CIN2
47 1 1 CIN3 CIN3 UCF
47 1 1 CIN3 CIN3 CIN1
27 1 1 CIN3 CIN3 CIN1
46 2 2 AIS AIS CIN2

CIN, cervical intraepithelial neoplasia; AIS, adenocarcinoma in situ; UCF, unsatisfactory colposcopic findings.
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Figure 2. Digital colposcopy. (A) Representative image of digital colposcopy. (B) Match rate for actual (from conventional colposcopy) and assumed (from
digital colposcopy) biopsy sites. The match rates of the actual and assumed biopsy sites were 61% for ‘same’, 16% for ‘almost the same’ and 25% for ‘different’.
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Figure 3. Comparison of diagnoses using conventional and digital colposcopy. (A) Diagnoses from conventional and digital colposcopy. (B) Match rate of
diagnoses. A comparison of diagnoses using conventional and mobile digital colposcopy gave match rates for diagnoses of ‘same’ (75%) and ‘different’ (25%).
CIN, cervical intraepithelial neoplasia; AIS, adenocarcinoma in situ; UCF, unsatisfactory colposcopic findings; CIS, carcinoma in situ; IC, invasive cancer.
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55.7£6.9% (conventional colposcopy) and 46.1+6.9% (digital
colposcopy). And there were no significant differences (t-test,
P=0.33).

Discussion

Digital colposcopy built around a smartphone is becoming
common, and this has advantages for telemedicine and data
sharing by taking advantage of smartphone characteris-
tics (10-12). However, digital colposcopy itself is not approved
in Japan. In this study, we investigated the feasibility of mobile
digital colposcopy using a smartphone for visualization, image
capture, and management in Japanese patients undergoing
cervical screening. To our knowledge, this is the first such
study in a Japanese population.

As shown in Figs. 2 and 3, the results from =75% of
cases were equivalent between mobile digital colposcopy
and conventional colposcopy. There is a study in Japan that
reported the possibility of using smartphones to perform
colposcopy, and our results are consistent with the report (14).
The mobile digital colposcope used in this study has been
approved by the Food and Drug Administration (FDA) and is
in use in a number of Western countries (10-12). These suggest
that mobile digital colposcopy was not inferior to conventional
colposcopy even in Japanese population.

Our institution is a comprehensive cancer center, which is
why most of the patients required a treatment intervention for
HSIL or more (Fig. 1). As such, there could be a selection bias
in patient enrollment. In addition, we seldom perform HPV
testing because it does not always contribute to the decision
for the treatment.

Another limitation is that the study included only a limited
number of cases, and further validation at multiple centers is
required.

Cases in which the results were ‘different’ in diagnosis
were shown in Table I. Pathological CIN3 should not be
recognized as CIN2 by colposcopy, because treatment may be
delayed. As mentioned in the Results, overall matched rates
between pathological diagnosis and colposcopy diagnosis were
55.7£6.9% (conventional colposcopy) and 46.1+6.9% (digital
colposcopy). And there were no significant differences (t-test,
P=0.33). These data suggested that digital colposcopy was not
inferior to conventional colposcopy as a screening examination.
Still, our primary focus was not to compare the pathological
diagnosis and the diagnosis from digital colposcopy, but rather
to compare the visual findings from conventional 3D colpos-
copy and mobile digital colposcopy. The study protocol was that
in the examination using conventional colposcopy the clinician
could adjust their view of the cervix and could also observe the
lesion through the period, whereas only one image was captured
by mobile digital colposcopy. Capture of additional images may
have resulted in an even higher correlation rate.

Although the higher resolution of conventional colposcopy
was helpful in observing the lesion in detail, we concluded that
digital colposcopy was not inferior to conventional colposcopy
as a screening test, and that this method provides sufficient
details for judging the biopsy site or diagnosis using acetic
acid processing. We further speculate that digitally captured
images of the cervix can be used to train a machine learning
algorithm. Indeed, we previously reported the possibility of

deep learning application to colposcopy, using an image of
only 150x150 pixels (13). This resolution can easily be achieved
by a mobile digital colposcope incorporating a smartphone.
Therefore, we hope this form of digital colposcopy can be
applied to clinical practice and data collection in multiple
centers.
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