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Simple Summary: Several studies reveal that digital images taken with a smartphone after a visual
inspection with acetic acid (VIA) or Lugol’s iodine (VILI) may be useful for detecting cervical
intraepithelial neoplasia. Therefore, smartphones could be useful in the early detection of uterine
cervical lesions and an alternative to colposcopy in countries with limited health resources. In this
systematic review, we found that the VIA using a smartphone seems to be more sensitive than the
VIA, VILI, or VIA/VILI examinations with the naked eye. Therefore, it can improve diagnostic
accuracy for the detection of uterine cervical lesions.

Abstract: Little is known regarding the usefulness of the smartphone in the detection of uterine cervi-
cal lesions or uterine cervical cancer. Therefore, we evaluated the usefulness of the smartphone in the
detection of uterine cervical lesions and measured its diagnostic accuracy by comparing its findings
with histological findings. We conducted a systematic review to identify studies on the usefulness
of the smartphone in detecting uterine cervical lesions indexed in SCOPUS, MEDLINE/PubMed,
Cochrane, OVID, Web of Science, and SciELO until November 2020. The risk of bias and applica-
bility was assessed using the Quality Assessment of Diagnostic Accuracy Studies-2 tool. A total of
16 studies that evaluated the usefulness of the smartphone in the detection of uterine cervical lesions
based on the images clicked after visual inspection with acetic acid (VIA), Lugol’s iodine (VILI), or
VIA/VILI combination were included in the study. Five studies estimated diagnostic sensitivity and
specificity, nine described diagnostic concordance, and five described the usefulness of mobile tech-
nology. Among the five first studies, the sensitivity ranged between 66.7% (95% confidence interval
(CI); 30.0-90.3%) and 94.1% (95% CI; 81.6-98.3%), and the specificity ranged between 24.0% (95% CI;
9.0-45.0%) and 85.7% (95% CI; 76.7-91.6%). The risk of bias was low (20%), and the applicability
was high. In conclusion, the smartphone images clicked after a VIA were found to be more sensitive
than those following the VILI method or the VIA/VILI combination and naked-eye techniques in
detecting uterine cervical lesions. Thus, a smartphone may be useful in the detection of uterine
cervical lesions; however, its sensitivity and specificity are still limited.

Keywords: cervical cancer; smartphone; colposcopy; visual inspection with acetic acid; visual inspection
with Lugol’s iodine

1. Introduction

Despite advances in the diagnosis of uterine cervical cancer (UCC) and the admin-
istration of vaccines against the high-risk human papillomavirus (HPV-16 and 18), UCC
remains one of the leading causes of death [1]. UCC can be prevented by the early detection
of cervical intraepithelial neoplasia (CIN) based on a PAP test or the detection of high-risk
HPV through a PCR test. However, due to economic barriers and lack of availability of
resources for these tests, the WHO recommends using visual inspection with acetic acid
(VIA) [2].
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Colposcopy is the standard technique used for determining the degree of uterine
cervical lesions and high-grade CIN or abnormal cytology. The performance of this pro-
cedure varies based on the level of care, experience of the colposcopist, and the type of
colposcopy (digital, optical, or video colposcopy). The disadvantage of this procedure is
that the colposcope and colposcopists are not always available at primary care facilities.

Recently, several studies revealed that digital images taken with a smartphone after
a VIA or Lugol’s iodine (VILI) may be useful for detecting CIN2 [3,4]. Another study
found a correlation between smartphone-based histological diagnoses and colposcopic
findings in women with abnormal cervical cytology [5]. According to these reports, the
main advantage of smartphones is that they are easy to use and a low cost way to capture
digital images that can be sent to an expert colposcopist for review in real time compared
with conventional colposcopy, which is expensive and not always available at all levels
of care. Therefore, smartphones could be useful in the early detection of uterine cervical
lesions and an alternative to colposcopy in countries with limited health resources.

Despite the fact that the use of smartphones and apps in public health is almost
universal, studies evaluating the usefulness of smartphones in the detection of UCC are
still limited. This suggests there is a need for reviewing and synthesizing the published
literature with a view to creating consensus and providing recommendations for the use
of smartphones in the field. Therefore, the objective of this study was to evaluate the
usefulness of the smartphone in the detection of uterine cervical lesions and measure its
diagnostic accuracy by comparing its findings against histological findings.

2. Materials and Methods

A systematic review was performed according to the Preferred Reporting Items for a
Systematic Review and Meta-analysis (PRISMA) guidelines (Appendix A, Table A1) [6].
The study protocol was not registered in PROSPERO.

2.1. Literature Research

The SCOPUS, MEDLINE/PubMed, Cochrane, OVID, Web of Science, and SciELO
databases were searched for articles published between 1 January 2010 and 30 Septem-
ber 2020. There were no language restrictions. The following keywords were used:
“Smartphone,” “cervical cancer,” “uterine cervical cancer,” “mobile,” “mobile technology,”
“tele-cytology,” “technology and prevention,” “diagnosis,” “sensibility,” and “specificity.”
Boolean operators (AND, OR, and NOT) and truncators (“”, (), and *) were used to combine
the keywords (Table 1). In addition, the references of the selected studies were reviewed.

"o ” o ” o

Table 1. Search strategy of papers in databases.

Database

Search Strategy

PubMed

((((uterine cervical cancer [Title/ Abstract]) OR (cervical cancer screening [Title/ Abstract])) AND (mobile
application [Title/ Abstract])) OR (tele-cytology [Title/ Abstract])) OR (telediagnosis [Title / Abstract])

TITLE-ABS-KEY (smartphones) OR TITLE-ABS-KEY (cellphones) OR TITLE-ABS-KEY (telecitology) OR

SCOPUS TITLE-ABS-KEY (telehealth) OR TITLE-ABS-KEY (“Mobile technology”) AND TITLE-ABS-KEY (“uterine cancer”)

OR TITLE-ABS-KEY (“cervical cancer”)

(cervical cancer OR uterine cervical cancer) AND (app OR mobile OR smartphone OR mobile technology OR

WoS tele-cytology OR telediagnosis)
OVID (cervical cancer OR uterine cervical cancer OR cervical cancer screening) AND (mobile OR smartphone OR mobile
technology OR tele-cytology OR telediagnosis)
#1 Expression: (uterine cervical cancer screening) AND (mobile technology) OR (telediagnosis) OR (tele-cytology)
SCIELO OR (smartphone) OR (mobile application)
#2 Expression: (uterine cervical cancer screening) AND (mobile technology) OR (telediagnosis) OR (tele-cytology)
OR (mobile application)
Cochrane (uterine cervical cancer screening) AND (mobile technology) OR (telediagnosis) OR (tele-cytology) OR

(smartphone) OR (mobile application)
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2.2. Definition

Diagnostic tests using mobile technology are defined as diagnostic procedures or
diagnostic tests that include the use of mobile devices to capture images after performing a
diagnostic procedure; for example, images taken with a smartphone after the application
of acetic acid or Lugol’s iodine to detect uterine cervical lesions.

2.3. Inclusion and Exclusion Criteria

We included cohort, case-control, randomized trials, and pilot and field studies that
evaluated the usefulness of the smartphone in the detection of uterine cervical lesions
and/or measured its diagnostic precision (sensitivity and specificity). Review articles, case
reports, editorials, animal studies, and studies that only reported on the development of
health technologies for the diagnosis of UCC were excluded.

Three investigators (D.C., M.C.R.-S., and ].V.-H.) screened the titles and abstracts of
the articles identified in the searches independently. The full text of the articles of interest
was reviewed by the three investigators. Articles that met the inclusion criteria were
included in the study. Disagreements about an article were resolved by consensus at the
full-text review stage. The following information was extracted from each selected study:
author, year, country, design, study population, the diagnostic methods used (PAP, VIA,
or VIL], histological analysis, and colposcopy), mobile technology used, intervention and
control group, and the diagnostic accuracy of the test results of the index and reference test
(sensitivity, specificity).

2.4. Quality of Evidence Analysis

Three reviewers (D.C., M.C.R.-S., and ]J.V.-H.) independently assessed the risk of
bias and applicability using the Quality Assessment of Diagnostic Accuracy Studies
(QUADAS-2) tool [7]. The patient selection, index test performance, reference test perfor-
mance, and flow and time (only for the risk of bias) domains were used. Quality assessment
was performed for each study that evaluated the usefulness of the smartphone in the de-
tection of uterine cervical lesions and measured the diagnostic sensitivity and specificity.
Disagreements between reviewers were resolved by consensus.

2.5. Evidence Synthesis

We synthesized the evidence descriptively. The sensitivity and specificity values of
the smartphone-based diagnostic tests vs. reference tests (histology) were compared. As a
secondary outcome, a descriptive synthesis of the cross-sectional studies that evaluated the
usefulness of the smartphone for detecting uterine cervical lesions without a comparison
group or one that evaluated the concordance between the observers was performed. This
study was presented to and approved by the Ethics and Research Committee of the
Universidad Tecnolodgica del Peru.

2.6. Role of the Funding Source

The funder of the study had no role in study design, data collection, data analysis,
data interpretation, or writing of the report. All authors had full access to all the data in
the study.

3. Results

Figure 1 shows the selection of studies. A total of 707 studies were retrieved during
the systematic review. After excluding duplicate studies and studies that did not meet
the inclusion criteria, 16 studies were selected, including four retrieved from the reference
review of the selected articles [3-5,8-20].
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Figure 1. Flow diagram of the Preferred Reporting Items for a Systematic Review and Meta-analysis
guidelines for the systematic literature search.

3.1. Evidence Synthesis

Five of the studies estimated diagnostic sensitivity and specificity. In these studies,
the risk of bias and applicability were assessed. The five studies were assessed using
QUADAS-2, and the results are summarized in Figure 2A,B. A low risk of bias (20%) and
100% applicability was observed for the domains of patient selection, reference standard,
and the index test (Figure 2A,B).

Four studies were from Madagascar, and one was from Japan. The participants in the
four studies had >2 CIN lesions. The degree of heterogeneity was high for the sensitivity
and specificity results. The five studies’ sensitivity ranged between 66.7% (95% confidence
interval (CI); 30.0-90.3) and 94.1% (95% CI; 81.6-98.3), and the specificity ranged between
24.0% (95% CI; 9.0-45.0) and 85.7% (95% CI; 76.7-91.6) (Figure 3).

The sensitivity of the VIA /VILI combination in three studies ranged between 66.7%
(95% CI; 30.0-90.3%) and 71.4% (95% CI; 29.0-96.0%), and the specificity ranged between
62.4% (95% CI; 57.5-67.4%) and 85.7% (95% CI; 76.7-91.6%). The VIA sensitivity in two
studies ranged between 92.0% (95% CI; 81.0-98.0%) and 94.1% (95% CI; 81.6-98.3%), and
the specificity ranged between 24.0% (95% CI; 9.0-45.0%) and 50.4% (95% CI; 35.9-64.8%).
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Finally, the VILI test’s sensitivity and specificity rates were 78.8% (95% CI; 54.1-92.1%) and
56.4% (95% CI; 38.2-72.9%), respectively (Figure 3).

Figure 2. Summary of the results of the quality assessment using Quality Assessment of Diagnostic Accuracy Studies-2.
Risk of bias (A) and applicability concerns (B).

Figure 3. Summary of sensitivity (A) and specificity in five studies (B). VIA: visual inspection with acetic acid; VILI: visual
inspection with Lugol’s iodine; CIN: cervical intraepithelial neoplasia; CI: confidence interval.

3.2. Descriptive Analyses

Nine studies determined diagnostic agreement or agreement between healthcare
personnel capturing and interpreting images with smartphones (Table 2). For example:
Catarino et al. [4] and Ricard-Gauthier et al. [8] evaluated the agreement between on-site
physicians and the consensus of off-site physicians. Tanaka et al. [5] evaluated the correla-
tion between the histological diagnosis based on samples obtained using a smartphone
versus that based on colposcopy samples. Two studies compared agreement between
nurses and physicians in reading smartphone images after a VIA (45%, Sharma et al.) [9]
and (82%, Quinley et al.) [10]. One study evaluated concordance between the images
captured with the mobile colposcope (smartcopy) vs. the standard colposcope [11]. An-
other study found a high degree of concordance (79.5%) when comparing the Swedish
scoring results between the mobile (gynocular) colposcope vs. the standard colposcope
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(Singh et al.) [12]. On the other hand, another study evaluated the quality of the images
taken with a smartphone for the detection of uterine cervical lesions among three gyne-
cologists who were colposcopy experts (45%, Gallay et al.) [13]. Finally, in one study, we
found a high degree of concordance between microscopic images versus images taken with
a smartphone [14].

Table 2. Concordance analysis results.

Concordance Index

Study, Year Country Population Standard Test Reference Test (95% CI)
Physicians on-site (17.7%)
Catarino et al. [4] . vs. physicians off-site
2015 Madagascar 95 HPV (+) women VIA and VILI Biopsy (21.7%), agreement rate
76% (K: 0.28)
Ricard- . .
. . Physician on-site vs.
Gauthlzeé‘le; al. [8] Madagascar 86 HPV (+) women VIA and VILI Biopsy off-site observers (K: 0.29)
Histological diagnosis
Tanaka et al. [5] Japan 75 HPV (+) women VIA Biopsy with a smartphone vs.
U colposcopy (K: 0.67)
25 nurses (13.8%) VIA Nurses vs. expert
Sharma et al. [9] India 180 women over (+). vs. expert N/A physicians 0.45
2018 30 years of age physicians 32/180 (CT: 0.26-0.63)
(17.8%) VIA (+) e ’
Image quality with VIA
in women that are HPV Individual opinion of
Gall L 13 Images from HPV (+) (+) acquired with a physicians vs. the
allay et al. [13] Madagascar women aged smartphone using the N/A consensus of the three
2017 30 to 65 years EXAM app, evaluated physicians 0.45
by three expert (CI: 0.23-0.58)
physicians
Image quality had an
agreement in 82%
Bagga et al. [11] . 230 women between ColpPhon vs. . . . (184/225) and in the
2016 India 30 and 65 years colposcope Histological testing diagnosis had an
agreement in 90%
(208/230)
Quinley et al. [10] Botswana 95 HIV-positive Integ; i::ﬁﬂgilj? by Imaﬁsci)elidlirsltgigy Concordance (+) 0.82
2011 women . . gy 5 Concordance (—) 0.89
gynecologist off-site 64/95 women
Microscopic
cytopathological o
Sahin et al. [14] 2018 Turkey 42 women diagnoses vs. N/A CO;ZSéf;Z;ieS;)S ii;nd
smartphone static e
image diagnoses
. Evaluated by doctor A
186 women with using a gynocular and Swedish score of doctors A
Singh et al. [12] 2020 India positive Pap tests and doc tc%r Bgv}:ri th standard Histological testing and B (K: 0.795)
a Swedish score > 5 o
colposcopy

Abbreviations: N/A: Not applicable; HPV: human papillomavirus; VIA: visual inspection with acetic acid; VILI: visual inspection with Lu-
gol’s iodine; HIV: human immunodeficiency virus; PIA: photographic inspection with acetic acid; Pap, Papanicolau; CI: confidence interval.

Table 3 summarizes the results of five studies in which the usefulness of mobile
technology for the detection of cervical lesions is evaluated. Their origins are varied,
including Japan, USA, and African cities. The mobile colposcope was evaluated in two
of these studies [15,16]. The first evaluated a system to improve the monitoring and
follow-up of screening with the introduction of a clinical decision tree in software that
was incorporated into the mobile colposcope. The other evaluated the use of an improved
mobile colposcope operated by expert colposcopists. Two studies by one author [17,18] in
Tanzania show that training health personnel markedly improved diagnostic acuity. In the
most recent publication, an enhanced VIA platform for smartphones was incorporated to
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secure the real-time exchange of cervical images for remote support supervision and data
monitoring and evaluation [20].

Table 3. Usefulness of a smartphone in detecting cervical lesions.

. Mobile
Study, Year Study Population Study Type Technology Used Control Group Result
Field 1. 12.6% of
The MobileODT 824 women had
(Mobile Pprecancerous lesions,
824 women and 0.7% had suspected
Peterson et al. [15] e Colposcope)
2017 screened in field 1 Transverse Enh. d Visual N/A cancer.
and 234 in field 2 nhanced visua Field 2. Of 234 women,
Assessment System o
used by nurses 4.7% had precancerous
lesions, and 3% had
suspected cancer
Enhanced visual Imaging with the
Madiedo et al. [16] mobile colposcope mobile colposcope can
2017 59 women Transverse used by expert Cytology be useful in detecting
colposcopists inaccurate PAP results
The control was
the opinion of
1072 sexually active an external The agreement rate
Yeates et al. [17] women between the VIA enhanced by consultant who between students and
Transverse smartphone . .
2016 ages of 25 and cervicograph reviewed the expert reviewers was
49 years grapiy cervigram 96.8%
images sent
remotely
VIA (+) rates during the
An enhanced VIA first 6 months increased
platform for compared with the rates
10,545 women aged smartphones for the O;]nei;e&rrtz?gﬂfe:;d
25 to 49 years secure real-time pre yea
. . (before the introduction
Yeates et al. [18] evaluated using exchange of cervical
Transverse . N/A of SEVIA) among HIV+
2020 SEVIA at 24 health images for remote and HIV-- participants
facilities in five support supervision as well aspfirst-ti};ne
regions of Tanzania and data ..
monitoring and participants. However,
valuation they did not compare
evatuatio VIA results against a
histological diagnosis
Pilot study to
owomenwith  aatethe iphone 55 (Apple, 85% of CIN 1 cases and
Tanaka et al. [20] X Los Altos, CA, Standard 100% of CIN 2 cases
abnormal cervical smartphone for .
2017 cvtolo the diaenosis of USA) was called colposcopy could be diagnosed
ytology & Smartscopy with a smartphone

CIN or invasive
cancer

Abbreviations: N/A: Not applicable; HPV: human papillomavirus; VIA: visual inspection with acetic acid; VILI: visual inspection with
Lugol’s iodine.; HIV: human immunodeficiency virus; CIN: cervical intraepithelial neoplasia.

4. Discussion

Subsection: The review of the 16 publications allowed us to identify five studies that
had similar characteristics. These studies used a basic smartphone as a technological tool
to obtain images of the cervix, following which they performed the VIA and/or VILI
examination [3-5,8-20]. The histology was standard, and the on-site and off-site operators
were physicians that reported sensitivity and specificity [3-5,8,19].

In our study, the sensitivity for the detection of >2 CIN lesions with VIA /VILI using
a smartphone was found to be low (66.7% and 71.4%) compared with a sensitivity rate
of 75% (95% CI; 69-81) for VIA /VILI with naked-eye observation determined in a meta-
analysis by Catarino et al. [21]. This difference can probably be explained by the average
estimate of the high sensitivity of VIA versus a low VILI sensitivity, which might result
in a decrease in diagnostic sensitivity. Unlike that reported in previous meta-analyses by
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Qiao et al. (73.2%) [22], Catarino et al. (78%) [21], and Arbyn et al. (79%) [23], where they
used VIA with the naked eye, in our systematic review, VIA using a smartphone was found
to be more sensitive at detecting uterine cervical lesions (>90%) [3,5]. However, although
the sensitivity of VILI with the naked eye is high, in this systematic review, we found that
the sensitivity of VILI using a smartphone was lower (78.8%). We also found that VIA
was more sensitive than VILI, in contrast to two meta-analyses, wherein the sensitivity
of VILI was higher than VIA [19,20]. Similarly, we found that VIA was more sensitive
than the VIA /VILI combination, which another study [21] that used VIA/VILI with the
naked eye also found. The high sensitivity of VIA and the differences with the literature
compared to the VILI or VIA/VILI examinations may have several explanations. First, in
one study [3], the reviewers examined the cervical lesion images for a longer period of time
and had the opportunity to compare the original images with the VIA image consecutively
in order to establish differences in clinical results. In another study [5], the observers of
the cervical lesion images were expert colposcopists, compared with novice physicians,
who performed the evaluation on-site and off-site. Another possible explanation is that
smartphone cameras (with high pixels) can focus on suspicious cervical lesions and detect
cervical lesions with acetic acid whitening more easily than color changes produced by
permeation with iodine in the VILI or VIA /VILI examinations. Moreover, in addition to
post-VIA digital images, post-VILI digital images and native images can be archived and
re-reviewed at any time. This evidence can contribute to improving diagnostic accuracy
at the time of interpretation. However, this is not possible with the naked-eye inspection
method, as, in clinical practice, once the VIA, VILI, or VIA/VILI examination has been
performed, cervical lesions cannot be reinterpreted. Likewise, once Lugol’s iodine is
applied, the cervix appears brown or black, and the native and acetic acid appearance
can no longer be seen. It is also likely that the discrepancies between the studies are due
to the VIA interpretation, which may vary between observers in terms of the different
statistical methods used, including the sample size, the inclusion criteria of the studies, or
the context and the level of care administered during the conduction of the studies. Finally,
the smartphone-captured images were not necessarily simultaneously reviewed along
with the VIA or VILI examination. Despite these explanations, unlike the studies that use
naked-eye inspection, the use of a smartphone for the detection of cervical lesions following
a VIA examination shows more favorable results, and the images can be reviewed at any
time and by different specialists (experts or novices).

In our systematic review, the VIA /VILI combination with the use of a smartphone
was less specific than that reported in a study [21], wherein the specificity was 91% with
the VIA/VILI examination with the naked eye and ranged between 62.4% and 85.7%. The
specificity of 85.7% for VIA /VILI examination in one study is probably due to the fact that
the on-site physician and the three off-site physicians were experts [4]. On the contrary,
another study reported low specificity [5], probably due to the fact that different physicians
participated in the on-site and off-site trials while performing colposcopies and obtaining
samples for histological study. It should also be noted that VIA using a smartphone was
less specific (range, 24-50.4%) than that reported in a study wherein the specificity for
VIA with the naked eye was 85% (95% CI, 81-89%) [23]. Similar to this, we observed low
specificity for VILI (54.6%) with a smartphone compared with the high specificity of VILI
with the naked eye reported in the literature (85-91.2%) [21,23]. These differences and the
low specificity reported in the literature are attributable to various factors. First, the results
with the smartphone VIA examination were more specific when they were performed by
more experienced evaluators compared with the less experienced ones. Second, the high
specificity of VILI with the naked eye compared with the low specificity of VILI with a
smartphone might be related to the fact that VILI with the naked eye is easier to interpret
than VIA or VIA/VILI [24], whose validity is based more on the experience and training
of the health worker. On the other hand, some studies were conducted in a tertiary care
hospital, where high-grade CIN lesion rates were higher when compared with screening at
the primary level of care, which directly or indirectly influences the specificity [8].
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Regarding the concordance indices of the group’s publications, Catarino [4] and Ricard-
Gauthier [8] reported low levels of concordance between the interpretation of doctors
on-site and off-site, which confirm that the reading of the VIA images with a smartphone
may vary between different observers. On the other hand, Tanaka [5] reported a robust
correlation between the histological diagnoses from images obtained by smartphone versus
those obtained by colposcopy, a result that would be in line with the experience of the
two colposcopists who participated in the study. However, differences were not always
observed between the on-site vs. off-site results. In rural areas of Georgia, Ferris et al. [25]
estimated the efficacy of telecolposcopy vs. traditional colposcopy, and the agreement of
colposcopic impression with histology varied very little between groups. The agreement
rate of on-site colposcopists was 59.7% (K: 0.31), 52.7% (K: 0.22) for local experts, and
55.7% (K: 0.27) for off-site experts who viewed the exam simultaneously. However, in
Botswana, Quinley et al. evaluated the diagnostic agreement by visualizing remote cervical
images (PIA) by an expert gynecologist off-site vs. the reading of the PIA images that
were taken by a nurse on-site. The nurse’s positive reading was in agreement with that
of the off-site expert in a significant number of cases [10]. A critical factor for obtaining
suitable results when interpreting the images is the training of the health professional
who obtains them. Finally, Schadel et al. evaluated the diagnostic reliability of a cervical
examination with a digital colposcope vs. a conventional binocular colposcope based
on two observers, and the agreement between both was 69% (K: 0.6). Both physicians
had comparable diagnostic quality, 69% and 68%, for each case [26]. These findings may
have different explanations. First, the poor concordance when observers use VIA may
be due to different observers’ interpretations, the training that physicians receive, and
the quality control of the images, as these are mandatory for achieving success when
evaluating cervical lesions. Second, the moderate agreement between clinicians and nurses
was probably due to ongoing training and permanent expert assistance as it is important
for the clinicians to capture suitable quality VIA images. Moreover, the health professional
or supervisor must be able to identify relevant cervical abnormalities in order to capture
the images. Another explanation is that diagnostic concordance studies were conducted at
different levels of care and regions, such as India, Madagascar, Japan, and Turkey; therefore,
diagnostic concordance results may vary.

It should be noted that although HPV-PCR and PAP tests are considered to be more
effective methods for the detection of cervical lesions, different studies show that costs
and logistical barriers to their implementation present important challenges, especially
in low- and middle-income countries [27]. In this sense, we recovered field trials that
sought to overcome some of the barriers to the implementation of more complex tests
(PCR-HPV and PAP). In our systematic review, we encountered studies that tested the
use of smartphones with VIA, VILI, or VIA/VILI examinations and computer platforms
for the detection of cervical lesions, as well as for their monitoring and control. These
studies used these technologies for maximizing the early detection of >2 CIN lesions. In
two studies [15,16], mobile colposcopes attached to smartphones were used. According
to some authors, the smartphone image quality may not be as suitable as those obtained
using colposcopy. However, smartphone images have several advantages, such as ease of
use, low cost, storage of images (native, VIA, and VILI) for use at any time, fast delivery,
allowing zooming in of the image, and no requirement for external light. Due to the
advantages of smartphone images, compared to techniques that use the naked eye, the
clinical decision could be based on the images captured with smartphones, especially in
low-resource settings or first levels of care (secondary prevention strategy). This could be
described because several studies were carried out in low-income countries, where there
are scarce medical resources or nurses specialized in the detection of UCC, and limited
technological resources for the provision of health services, unlike the two studies that
were carried out in Japan [5] and the USA [16] where consultations for remote diagnosis are
more common. Moreover, another study [15] showed that the use of a computer platform
in an app can assist in the development of machine learning algorithms to improve the
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quality of care and support for clinical decisions. This algorithm is known as automated
visual evaluation (AVE) and consists of a mobile colposcope built around a smartphone,
an app, and a repository that stores digital images of the cervix to detect cancerous or
precancerous lesions. It can even help when the PAP result is negative; a suspicious AVE
image could provide valuable additional information for cervical lesion screening. This
technology is being widely used in at least 17 countries.

Our study has several limitations. The first is that only five studies that evaluated
sensitivity and specificity were included, and these studies were from Madagascar and
Japan. Consequently, these results may be limited to Madagascar and Japan and may not
be generalizable across other countries. Second, the heterogeneity of the procedures that
were used could influence the variability of the sensitivity and specificity rates estimated
in our study. Third, the studies did not assess the quality of the smartphone-captured
images, which could lead to false-positive or -negative results that were not controlled.
Fourth, in several studies, a visual evaluation was performed in HPV-positive women to
identify possible cases with >2 CIN lesions. The final limitation is the small sample size
included in the studies that only verified the usefulness of the smartphone in the diagnosis
of cervical cancer. Despite these limitations, the QUADAS-2-based analysis of the quality
of the studies showed a low risk of bias (20%) and a high applicability rate (100%).

5. Conclusions

Our findings suggest that the smartphone could be useful in the detection of uterine
cervical lesions; however, its sensitivity and specificity are still limited. Despite this, we did
ascertain some important findings. First, a VIA using a smartphone is more sensitive than
a VILI or VIA /VILI combination for the detection of uterine cervical lesions. Second, a VIA
using a smartphone is more sensitive than VIA, VILL or VIA/VILI examinations with the
naked eye; thus, it can improve diagnostic accuracy for the detection of >2 CIN lesions.
Third, using a smartphone has several advantages, such as ease of use, image storage
(native, after acetic acid application, and Lugol’s iodine) for use at any time, fast delivery
for reviewers, and low cost. Fourth, due to the advantages of VIA with a smartphone, this
method could be cost-effective in low-income settings where clinicians or colposcopes are
not available, or it could be easily integrated into a cervical cancer screening program as a
complement to a VIA with the naked eye. Finally, more research is needed to confirm and
improve the usage of smartphones for UCC diagnosis.

Author Contributions: Conceptualization, M.C.R.-S.; data curation, D.C., M.C.R.-S. and ].V.-H.;
formal analysis, D.C., M.C.R.-S. and J.V.-H.; funding acquisition, D.C. and M.C.R.-S,; investigation,
D.C., M.C.R.-S. and ].V.-H.; methodology, D.C., M.C.R.-S. and J.V.-H.; design of the search strategy,
M.C.R.-S.; project administration, D.C.; resources, D.C.; software, M.C.R.-S.; supervision, D.C.;
validation, D.C., M.C.R.-S. and ].V.-H.; visualization, D.C., M.C.R.-S. and ].V.-H.; writing—original
draft, D.C. and M.C.R.-S.; writing—review and editing, D.C. and M.C.R.-S. All authors have read
and agreed to the published version of the manuscript.

Funding: This study was supported by Universidad Tecnoldgica del Peru, Lima, Peru (P-2020-LIM-
02. UTP).

Conflicts of Interest: The authors declare no conflict of interest.



Cancers 2021, 13, 6047

11 of 15

Appendix A

Table A1. PRISMA checklist.

Location Where

Section and Topic Item # Checklist Item Item Is Reported
TITLE
Title 1 Identify the report as a systematic review. 1
ABSTRACT
Abstract 2 See the PRISMA 2020 for Abstracts checklist. 1
INTRODUCTION
Rationale 3 Describe the rationale for the review in the context of existing knowledge. 1
Objectives 4 Provide an explicit statement of the objective(s) or question(s) the review addresses. 2
METHODS
Eligibility criteria 5 Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses. 2
Information 6 Specify all databases, registers, websites, organizations, reference lists, and other sources searched or consulted to identify studies. Specify 2
sources the date when each source was last searched or consulted.
Search strategy 7 Present the full search strategies for all databases, registers, and websites, including any filters and limits used. 3
. Specify the methods used to decide whether a study met the inclusion criteria of the review, including how many reviewers screened each
Selection process 8 . . . . . . . 3
record and each report retrieved, whether they worked independently, and, if applicable, details of automation tools used in the process.
. Specify the methods used to collect data from reports, including how many reviewers collected data from each report, whether they
Data collection : .. .. . . . . . .
rocess 9 worked independently, any processes for obtaining or confirming data from study investigators, and, if applicable, details of automation 3
P tools used in the process.
10a List and define all outcomes for which data were sought. Specify whether all results that were compatible with each outcome domain in 3
Data it each study were sought (e.g., for all measures, time points, analyses), and if not, the methods used to decide which results to collect.
ata items
10b List and define all other variables for which data were sought (e.g., participant and intervention characteristics, funding sources). Describe 3
any assumptions made about any missing or unclear information.
Study risk of bias 1 Specify the methods used to assess the risk of bias in the included studies, including details of the tool(s) used, how many reviewers 3
assessment assessed each study and whether they worked independently, and if applicable, details of automation tools used in the process.
Effect measures 12 Specify for each outcome the effect measure(s) (e.g., risk ratio, mean difference) used in the synthesis or presentation of results. 3
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Table A1. Cont.

Section and Topic

Item #

Checklist Item

Location Where

Item Is Reported
13a Describe the processes used to decide which studies were eligible for each synthesis (e.g., tabulating the study intervention characteristics 3
and comparing against the planned groups for each synthesis (item #5)).
13b Describe any methods required to prepare the data for presentation or synthesis, such as handling of missing summary statistics, or data 3
conversions.
Syni‘ezis 13c Describe any methods used to tabulate or visually display results of individual studies and syntheses. 3
methods
Describe any methods used to synthesize results and provide a rationale for the choice(s). If meta-analysis was performed, describe the
13d ) . L . 3
model(s), method(s) to identify the presence and extent of statistical heterogeneity, and software package(s) used.
13e Describe any methods used to explore possible causes of heterogeneity among study results (e.g., subgroup analysis, meta-regression).
13f Describe any sensitivity analyses conducted to assess the robustness of the synthesized results. 3
Ril:s) ;);St::fezlf S 14 Describe any methods used to assess the risk of bias due to missing results in a synthesis (arising from reporting biases). 3
Certainty . . . . .
15 Describe any methods used to assess certainty (or confidence) in the body of evidence for an outcome. 3
assessment
RESULTS
16a Describe the results of the search and selection process, from the number of records identified in the search to the number of studies 4
Study selection included in the review, ideally using a flow diagram.
16b Cite studies that might appear to meet the inclusion criteria but that were excluded, and explain why they were excluded. 4
Study . . . .
. 17 Cite each included study and present its characteristics. 4
characteristics
Risk of l?las m 18 Present assessments of risk of bias for each included study. 4
studies
Results of For all outcomes, present, for each study: (a) summary statistics for each group (where appropriate) and (b) an effect estimate and its
o . 19 i, ; o . . 4
individual studies precision (e.g., confidence/credible interval), ideally using structured tables or plots.
20a For each synthesis, briefly summarize the characteristics and risk of bias among contributing studies. 4-7
Present results of all statistical syntheses conducted. If meta-analysis was performed, present for each the summary estimate and its
Results of 20b precision (e.g., confidence/credible interval) and measures of statistical heterogeneity. If comparing groups, describe the direction of the 4-7
syntheses effect.
20c Present results of all investigations of possible causes of heterogeneity among study results. 4-7
20d Present results of all sensitivity analyses conducted to assess the robustness of the synthesized results. NA
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Location Where

Section and Topic Item # Checklist Item Item Is Reported
Reporting biases 21 Present assessments of risk of bias due to missing results (arising from reporting biases) for each synthesis assessed. NA
Csf]tiﬁ:ze()f 22 Present assessments of certainty (or confidence) in the body of evidence for each outcome assessed. NA
DISCUSSION
23a Provide a general interpretation of the results in the context of other evidence. 8-11
23b Discuss any limitations of the evidence included in the review. 8
Discussion
23¢ Discuss any limitations of the review processes used. 10
23d Discuss implications of the results for practice, policy, and future research. 11
OTHER INFORMATION
2.
The protocol is
24 Provide registration information for the review, including register name and registration number, or state that the review was not available at the
registered. request of the
Registration and authors (in
protocol Spanish).
24b Indicate where the review protocol can be accessed or state that a protocol was not prepared. NA
24c Describe and explain any amendments to information provided at registration or in the protocol. NA
Support 25 Describe sources of financial or non-financial support for the review and the role of the funders or sponsors in the review. 3
C.O mpeting 26 Declare any competing interests of review authors. 1
interests
Availability of Report which of the following are publicly available and where they can be found: template data collection forms; data extracted from
data, code, and 27 p & p y y ’ p ’ NA

other materials

included studies; data used for all analyses; analytic code; any other materials used in the review.

NA: Not applicable.



Cancers 2021, 13, 6047 14 of 15

References

1.
2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

WHO. Globocan 2012. Available online: http://globocan.iarc.fr/Default.aspx (accessed on 30 June 2021).

World Health Organization. WHO Guidelines for Screening and Treatment of Precancerous Lesions for Cervical Cdncer Prevention; WHO:
Geneva, Switzerland, 2013.

Urner, E.; Delavy, M.; Catarino, R.; Viviano, M.; Meyer-Hamme, U.; Benski, A.-C.; Jinoro, J.; Heriniainasolo, J.L.; Undurraga, M.;
De Vuyst, H.; et al. A smartphone-based approach for triage of human papillomavirus-positive Sub-Saharan African women: A
prospective study. JMIR Mhealth Uhealth 2017, 5, €72. [CrossRef] [PubMed]

Catarino, R.; Vassilakos, P; Scaringella, S.; Malinverno, M.S.U.; Meyer-Hamme, U.; Ricard-Gauthier, D.; Matute, J.C.; Petignat, P.
Smartphone use for cervical cancer screening in low-resource countries: A pilot study conducted in Madagascar. PLoS ONE 2015,
10, e0134309. [CrossRef]

Tanaka, Y.; Ueda, Y.; Kakubari, R.; Kakuda, M.; Kubota, S.; Matsuzaki, S.; Okazawa, A.; Egawa-Takata, T.; Matsuzaki, S.;
Kobayashi, E.; et al. Histologic correlation between smartphone and coloposcopic findings in patients with abnormal cervical
cytology: Experiences in a tertiary referral hospital. Am. J. Obstet. Gynecol. 2019, 221, 241.e1-241.e6. [CrossRef]

Page, M.].; McKenzie, J.E.; Bossuyt, PM.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, ] M.; Akl, E.A.;
Brennan, S.E. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. BMJ 2021, 372, n71. [CrossRef]
Whiting, PF.; Rutjes, A.W.S.; Westwood, M.E.; Mallett, S.; Deeks, J.; Reitsma, ].B.; Leeflang, M.; Sterne, J.; Bossuyt, PM. QUADAS-2:
A Revised Tool for the Quality Assessment of Diagnostic Accuracy Studies. Ann. Intern. Med. 2011, 155, 529-536. [CrossRef]
Ricard-Gauthier, D.; Wisniak, A.; Catarino, R.; Van Rossum, A.F,; Meyer-Hamme, U.; Negulescu, R.A.; Scaringella, S.; Jinoro, J.;
Vassilakos, P.; Petignat, P. Use of smartphones as adjuvant tools for cervical cancer screening in low-resource settings. J. Low.
Genit. Tract Dis. 2015, 19, 295-300. [CrossRef]

Sharma, D.; Rohilla, L.; Bagga, R.; Srinivasan, R.; Jindal, H.A.; Sharma, N.; Kankaria, A.; Jamir, L.; Suri, V.; Singh, RK; et al.
Feasibility of implementing cervical cancer screening program using smartphone imaging as a training aid for nurses in rural
India. Public Health Nurs. 2018, 35, 526-533. [CrossRef]

E Quinley, K.; Gormley, R.H.; Ratcliffe, S.J.; Shih, T.; Szep, Z.; Steiner, A.; Ramogola-Masire, D.; Kovarik, C.L. Use of mobile
telemedicine for cervical cancer screening. J. Telemed. Telecare 2011, 17, 203-209. [CrossRef]

Bagga, R.; Keswarpu, P.,; Naik, S.K.; Chandrasekhar, V.; Gupta, L.; Paul, S.; Suri, V.; Srinivasan, R.; Khandelwal, N.; Dhillon, M.S.
Feasibility of using mobile smartphone camera as an imaging device for screening of cervical cancer in a low-resource setting. J.
Postgrad. Med. Educ. Res. 2016, 50, 69-74. [CrossRef]

Singh, N.; Negi, N.; Sharma, S.; Singh, T. Diagnostic role of portable colposcope (Gynocular) For diagnosis of pre-invasive lesions
of cervix. Indian ]. Gynecol. Oncol. 2020, 18, 69. [CrossRef]

Gallay, C.; Girardet, A.; Viviano, M.; Catarino, R.; Benski, A.-C.; Tran, P.L.; Ecabert, C.; Thiran, J.-P.; Vassilakos, P.; Petignat,
P. Cervical cancer screening in low-resource settings: A smartphone image application as an alternative to colposcopy. Int. J.
Women's Health 2017, 9, 455-461. [CrossRef] [PubMed]

Sahin, D.; Hacisalihoglu, U.P; Kirimlioglu, S.H. Telecytology: Is it possible with smartphone images? Diagn. Cytopathol. 2018, 46,
40-46. [CrossRef]

Peterson, C.W.; Mink, J. Measurement and evaluation of digital cervicography programs in two cervical cancer screening camps
in East Africa. In Proceedings of the Volume 10055, Optics and Biophotonics in Low-Resource Settings Iii, San Francisco, CA,
USA, 3 March 2017. 100550C. [CrossRef]

Madiedo, M.; Contreras, S.; Villalobos, O.; Kahn, B.S.; Safir, A.; Levitz, D. Mobile colposcopy in urban and underserved suburban
areas in Baja California. In Optics and Biophotonics in Low-Resource Settings II; International Society for Optics and Photonics:
Bellingham, DC, USA, 2016; Volume 9699, p. 969901. [CrossRef]

Yeates, K.E.; Sleeth, J.; Hopman, W.; Ginsburg, O.; Heus, K.; Andrews, L.; Giattas, M.R.; Yuma, S.; Macheku, G.; Msuya, A.; et al.
Evaluation of a smartphone-based training strategy among health care workers screening for cervical cancer in Northern Tanzania:
The Kilimanjaro method. J. Glob. Oncol. 2016, 2, 356-364. [CrossRef]

Yeates, K.; Erwin, E.; Mtema, Z.; Magoti, F.; Nkumbugwa, S.; Yuma, S.; Hopman, W.M.; Ferguson, A.; Oneko, O.; Macheku,
G.; et al. Smartphone-enhanced training, QA, monitoring, and evaluation of a platform for secondary prevention of cervical
cancer: Opportunities and challenges to implementation in Tanzania. JCO Glob. Oncol. 2020, 6, 1114-1123. [CrossRef] [PubMed]
Tran, PL.; Benski, C.; Viviano, M.; Petignat, P.; Combescure, C.; Jinoro, ]J.; Herinianasolo, ]J.L.; Vassilakos, P. Performance of
smartphone-based digital images for cervical cancer screening in a low-resource context. Int. J. Technol. Assess. Health Care 2018,
34, 337-342. [CrossRef] [PubMed]

Tanaka, Y.; Ueda, Y.; Okazawa, A.; Kakuda, M.; Matsuzaki, S.; Kobayashi, E.; Yoshino, K.; Kimura, T. “Smartscopy” as an
alternative device for cervical cancer screening: A pilot study. BMJ. Innov. 2017, 3, 123-126. [CrossRef] [PubMed]

Catarino, R.; Schifer, S.; Vassilakos, P.; Petignat, P.; Arbyn, M. Accuracy of combinations of visual inspection using acetic acid or
lugol iodine to detect cervical precancer: A meta-analysis. BJOG Int. |. Obstet. Gynaecol. 2017, 125, 545-553. [CrossRef] [PubMed]
Qiao, L.; Li, B.; Long, M.; Wang, X.; Wang, A.; Zhang, G. Accuracy of visual inspection with acetic acid and with Lugol’s iodine
for cervical cancer screening: Meta-analysis. J. Obstet. Gynaecol. Res. 2015, 41, 1313-1325. [CrossRef] [PubMed]


http://globocan.iarc.fr/Default.aspx
http://doi.org/10.2196/mhealth.6697
http://www.ncbi.nlm.nih.gov/pubmed/28554879
http://doi.org/10.1371/journal.pone.0134309
http://doi.org/10.1016/j.ajog.2019.04.039
http://doi.org/10.1136/bmj.n71
http://doi.org/10.7326/0003-4819-155-8-201110180-00009
http://doi.org/10.1097/LGT.0000000000000136
http://doi.org/10.1111/phn.12517
http://doi.org/10.1258/jtt.2011.101008
http://doi.org/10.5005/jp-journals-10028-1196
http://doi.org/10.1007/s40944-020-00415-6
http://doi.org/10.2147/IJWH.S136351
http://www.ncbi.nlm.nih.gov/pubmed/28790867
http://doi.org/10.1002/dc.23851
http://doi.org/10.1117/12.2252249
http://doi.org/10.1117/12.2218697
http://doi.org/10.1200/JGO.2015.001768
http://doi.org/10.1200/GO.20.00124
http://www.ncbi.nlm.nih.gov/pubmed/32692627
http://doi.org/10.1017/S0266462318000260
http://www.ncbi.nlm.nih.gov/pubmed/29921339
http://doi.org/10.1136/bmjinnov-2016-000174
http://www.ncbi.nlm.nih.gov/pubmed/28794895
http://doi.org/10.1111/1471-0528.14783
http://www.ncbi.nlm.nih.gov/pubmed/28603909
http://doi.org/10.1111/jog.12732
http://www.ncbi.nlm.nih.gov/pubmed/26014371

Cancers 2021, 13, 6047 15 of 15

23.

24.

25.

26.

27.

Arbyn, M.; Sankaranarayanan, R.; Muwonge, R.; Keita, N.; Dolo, A.; Mbalawa, C.G.; Nouhou, H.; Sakande, B.; Wesley, R.;
Somanathan, T.; et al. Pooled analysis of the accuracy of five cervical cancer screening tests assessed in eleven studies in Africa
and India. Int. J. Cancer 2008, 123, 153-160. [CrossRef]

Domgue, ].B.F.; Combescure, C.; Fokom-Defo, V.; Tebeu, PM.; Vassilakos, P.; Kengne, A.P.; Petignat, P. Performance of alternative
strategies for primary cervical cancer screening in sub-Saharan Africa: Systematic review and meta-analysis of diagnostic test
accuracy studies. BMJ 2015, 351, h3084. [CrossRef]

Ferris, D.G.; Macfee, M.S.; Miller, ].A.; Litaker, M.S.; Crawley, D.; Watson, D. The efficacy of telecolposcopy compared with
traditional colposcopy. Obstet. Gynecol. 2002, 99, 248-254. [CrossRef] [PubMed]

Schédel, D.; Coumbos, A.; Ey, S.; Willrodt, R.-G.; Albrecht, H.; Kiihn, W. Evaluation of a digital store-and-forward colposcopic
system—A pilot study to assess usability for telemedicine. J. Telemed. Telecare 2005, 11, 103-107. [CrossRef] [PubMed]

Ogilvie, G.; Nakisige, C.; Huh, WK.; Mehrotra, R.; Franco, E.L.; Jeronimo, J. Optimizing secondary prevention of cervical cancer:
Recent advances and future challenges. Int. ]. Gynecol. Obstet. 2017, 138, 15-19. [CrossRef] [PubMed]


http://doi.org/10.1002/ijc.23489
http://doi.org/10.1136/bmj.h3084
http://doi.org/10.1097/00006250-200202000-00015
http://www.ncbi.nlm.nih.gov/pubmed/11814505
http://doi.org/10.1258/1357633053499831
http://www.ncbi.nlm.nih.gov/pubmed/15829055
http://doi.org/10.1002/ijgo.12187
http://www.ncbi.nlm.nih.gov/pubmed/28691338

	Introduction 
	Materials and Methods 
	Literature Research 
	Definition 
	Inclusion and Exclusion Criteria 
	Quality of Evidence Analysis 
	Evidence Synthesis 
	Role of the Funding Source 

	Results 
	Evidence Synthesis 
	Descriptive Analyses 

	Discussion 
	Conclusions 
	
	References

