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The diagnostic accuracy of a real-time
optoelectronic device in cervical cancer screening

A PRISMA-compliant systematic review and meta-analysis
Huixia Yang, MS®", Xinmiao Zhang, PhD®, Zengping Hao, MD?

Abstract N
Background: This study aimed to assess the diagnostic accuracy of a real-time optoelectronic device (TruScreen) for uterine |
cervical cancer screening.

Methods: On the basis of Preferred Reporting ltems for Systematic Reviews and Meta-analyses (the PRISMA statement) we
performed this systematic review and meta-analysis. We searched PubMed, EMBASE, the Cochrane Library, CNKI, CBM, and
WanFang Data using medical subject headings (MeSH) and text words. Title/abstract screening, full text check, data extraction, and
methodological quality assessment (with the QUADAS-2 tool) were performed by 2 reviewers independently. The pooled sensitivity,
specificity, positive likelihood ratio (PLR), negative likelihood ratio (NLR), diagnostic odds ratio (DOR), the summary receiver operator
characteristic curve, and the area under the curve (AUC) were analyzed with Meta-DiSc software. Statistical heterogeneity was
evaluated by Cochran’s Q test and /2, meta-regression was conducted based on patient type, and the possibility of publication bias
was evaluated using Deeks funnel plot in Stata software.

Results: Of 293 publications, nine met our inclusion criteria. These studies included a total of 2730 patients and 567 cervical
intraepithelial neoplasias. The pooled test characteristics for the TruScreen were as follows: sensitivity 76% (95% ClI, 73-80%),
specificity 69% (95% Cl, 67%—71%), PLR 2.30 (95% Cl, 1.59-3.33), and NLR 0.34 (95% Cl, 0.23-0.51). The corresponding pooled
DOR was 7.03 (95% Cl, 3.40-14.55). The AUC was 0.7859 (Q" =0.7236).

Conclusion: The diagnostic accuracy of the TruScreen device is moderately good. The study findings are based on Chinese
studies only and could not be generalized to other populations.

Abbreviations: AUC = area under the curve, CBM = China Biology Medicine disc, Cl = confidence interval, CIN = cervical
intraepithelial neoplasia, CNKI = China National Knowledge Infrastructure, DOR = diagnostic odds ratio, HPV = human
papillomavirus, IARC = International Agency of Research on Cancer, NLR = negative likelihood ratio, PLR = positive likelihood ratio,
QUADAS = Quality Assessment of Diagnostic Accuracy Studies, SROC = summary receiver operator characteristic, TCT = ThinPrep

cytologic test.
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1. Introduction

Cervical cancer is one of the most common malignant tumors in
women.""! The etiology of cervical cancer is clear. Methods of
primary and secondary prevention of cervical cancer are well-
understood. In some developed countries, nationwide cytological
screening has dramatically reduced death rates from cervical
cancer.””?!In the developing world, however, absence of organized
screening programs correlates with high cervical cancer death
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rates. Worldwide, the incidences of cervical cancer among different
countries are significantly different. According to a survey by the
International Agency of Research on Cancer (IARC), in 2012,
about 85% of the cervical cancer occurred in less well-developed
regions, accounting for 12% of female cancer. However, in
developed countries, the incidence of cervical cancer accounted for
only 3% of female cancer.! In China, because of the large
population and the unbalanced development of economics among
different areas, the incidence of cervical cancer in different areas
also show significant differences. For the western or remote
mountainous areas, because of the lack of the economic, medical
health facilities, and the medical staff, it is difficult to widely employ
the cervical cancer screening strategy that is suitable for developed
countries or areas. However, according to the recommendation of
the World Health Organization (WHO), only when the cervical
cancer screening coverage surpasses 80% could the aim of
reducing the incidence and mortality of cervical cancer be achieved.
It is more important to increase the coverage of cervical cancer
screening than to increase screening frequency./* Finding a cervical
cancer screening technology that is simple, objective, instant,
noninvasive, affordable, and could increase the cervical cancer
screening coverage is a primary concern to gynecologists and policy
makers in these areas.

A real-time optoelectronic device (TruScreen) was introduced
in The Cervix (second edition) for use in cervical cancer
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screening.”! The device uses optical and electrical signals to
analyze cervical tissues with a built-in algorithm. It is designed to
be used without the need for aqueous acetic acid. The operator
places the tip of the hand piece against the cervix, employing a
single-use sensor. The operator pushes a button on the hand piece
and the device prints out the screening result. The procedure takes
approximately one minute to perform. The device is designed to
be used by an operator without high levels of technical skill or
training. This feature is particularly well-suited for areas where
specialists are scarce and/or patient follow-up is difficult.

Results are reported as "normal” (normal squamous epitheli-
um, columnar epithelium, physiological metaplasia, or latent
HPV-related changes) or “abnormal” for cervical intraepithelial
neoplasia (CIN) I-III and invasive cervical carcinoma.®!

A multi-center trial by Singer et al'®! reported results from 671
patients in 10 centers. Sensitivity for pathologically proven CIN
I/III by TruScreen was 70%. Shuyu Long et al'”! reported results
using this device in 181 patients. The sensitivity and specificity of
the device for the detection of CIN was 67.4% and 68.1%
respectively. Emre Ozgg et al'® found that the sensitivity and
specificity of the device for the detection of the CIN was 86.1%
and 35% respectively. Together, these study findings do not
constitute a consensus, as some of the sample sizes are small.
Therefore, to provide conclusive evidence concerning the
sensitivity and specificity of this real-time optoelectronic device
for cervical cancer screening, we searched the literature for
relevant studies and analyzed them quantitatively.

2. Methods
2.1. Search strategy

According to the Preferred Reporting Items for Systematic Reviews
and Meta-analyses (PRISMA) framework,”! we developed this
systematic review and diagnostic meta-analysis. We searched
PubMed, EMBASE, the Cochrane Library, China National
Knowledge Infrastructure (CNKI), China Biology Medicine disc
(CBM), and WanFang Data from inception to November 2016.
We combined medical subject headings (MeSH) and text words to
identify eligible studies. The search strategy for PubMed was as
follows: (((((cerv*[Title/Abstract]) OR uter*[Title/Abstract]))
AND optoelectronic [Title/Abstract])) OR truscreen* OR truscan*
OR polarprobe*. To supplement the search, we scanned references
of the retrieved studies. The search strategy for Embase was:
truscreen* OR truscan* OR polarprobe* OR (optoelectronic:ti,ab
AND (cerv*:tiab OR uter*:ti,ab)).

2.2. Inclusion and exclusion criteria

We screened articles according to the Cochrane methods group
on systematic review of screening and diagnostic test recommend
methods.!"” Inclusion criteria were as follows: the purpose of the
article was evaluation of the accuracy of TruScreen for cervical
cancer screening; all the subjects included in the study underwent
the index test, the gold standard test and been given a definitive
diagnosis; use of the reference standard adopted by the 2003
WHO Classification of Tumors of the Breast and Female Genital
Organs;"!! results were reported in sufficient detail for
reconstruction of 2 x 2 tables; publication in English or Chinese;
studies involving > 30 subjects; and the studies had to be
published original articles. Exclusion criteria were as follows: no
pathological diagnosis as gold standard; editorials, case reports,
conference proceedings, and letters to editors; and insufficient
data for describing or calculating sensitivity and specificity.
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2.3. Data abstraction and quality assessment

Two reviewers performed data abstraction and quality assess-
ment independently. All disagreements produced in the process
were resolved by discussion with a third reviewer.

Data retrieved included: author, publication time, sample size,
study design, reference standard, true-positives, false-positives,
false-negatives, and true-negatives. We assessed the methodolog-
ical quality of each study using the Quality Assessment of
Diagnostic Accuracy Studies-2 (QUADAS-2) tool.""?! The tool
consists two parts: the risk of bias (four sections: patient selection,
index test, reference standard, and flow and timing) and
applicability concerns (three sections: patient selection, index
test, and reference standard). Each item is rated “yes” (low risk of
bias or good applicable) “no” (high risk of bias or bad
applicability) or ”unclear” (insufficient data are reported).
Revman 5.3 software was used in the process of methodological
quality assessment.

2.4. Statistical analysis

Meta-DiSc 1.4 was used to analyze the estimates of pooled
sensitivity, specificity, positive likelihood ratio (PLR), negative
likelihood ratio (NLR), diagnostic odds ratio (DOR), and their
95% confidence intervals (Cls). We constructed the summary
receiver operator characteristic (SROC) curve and calculated the
area under the curve (AUC) and the Q" to evaluate the diagnostic
accuracy of the TruScreen for cervical cancer screening. The AUC
values of 0.5 t0 0.7, 0.7 t0 0.9, 0.9 to 1 indicating low, moderate
and high diagnostic accuracy, respectively.''>!Q" is the point of
SROC curve which is closest to the finest top left corner. When
the AUC and the Q" were closed to 1, this would reveal a perfect
test with 100 percent of specificity and sensitivity."*! We used
Stata 14.0 to conduct the following analysis by a bivariate
random-effect model. Heterogeneity was examined using
Cochran’s O test and I-squared (I?) statistic. A P less than .1
for Cochran’s Q-test and I* greater than 50% for I* statistics
indicated significant heterogeneity.!'>! Regression analysis
according to patient type was used for exploring the sources
of heterogeneity. The possibility of publication bias was
evaluated using the Deeks funnel plot. P<.05 was considered
statistically significant.

In our article, ethical approval was not necessary, as this study
is a meta-analysis, which is based on published data.

3. Results

3.1. Literature search overview

The process of identifying qualified studies is shown in
Figure 1. We identified 293 studies from PubMed, EMBASE,
the Cochrane Library, CNKI, CBM and WanFang Data, and
other resources. A total of 196 studies remained after
removing duplicate articles. Titles and abstracts of all
recognized studies were reviewed to isolate the relevant
articles. We read the entire text of a total of 37 potentially
relevant articles. Among these, 28 articles were excluded for
the following reasons: Six studies included a duplicated study
population; 15 studies suffered from insufficient data; 4
studies included subjects who received only a partial
pathological examination; 2 studies did not use the 2003
WHO Classification of Tumors of the Breast and Female
Genital Organs!"'); 1 study was not published. The remaining
nine studies were selected for our meta-analysis.!”>1¢723!
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Figure 1. Flowchart of the study search.

3.2. Characteristics and quality assessment of selected
studies

Table 1 displays the principle characteristics of included studies.
The nine studies included a total of 2730 patients. The age ranged
from 20 to 65 years. Two studies were conducted across multiple
centers.['®?2! The remaining were single-center studies.!”>!71:3!
All studies were conducted in various regions of China from 2009

to 2016. Five studies enrolled patients with cervical cytology
positive results; three studies enrolled patients in gynecological
clinics with cervical lesions; one study enrolled patients who
consented to cervical loop electrosurgical excision procedure
surgery. A summary of the methodological assessment based on
QUADAS-2 is shown in Figure 2. All nine studies reported the
range of study time;”"123! Two studies reported that patients

Characteristics of the included studies.

First author Year Sample size, n Design Reference standard  True-Positive, n  False-Positive, n  False-Negative, n  True-Negative, n
Chen Ye!'® 2010 511 Prospective Histopathology 180 130 72 129
Fan Xuemeil'”? 2011 38 Prospective Histopathology 11 5 4 18
Li Weihong!'® 2011 50 Prospective Histopathology 16 12 5 17
Zhang Luping™® 2009 36 Prospective Histopathology 13 6 3 14
Li Weihong®% 2011 42 Prospective Histopathology 13 13 3 13
Li Pei?" 2016 184 Prospective Histopathology 55 30 4 95
Li Weihong?? 2010 1201 Prospective Histopathology 94 222 21 864
Lv Siji?®! 2009 487 Prospective Histopathology 22 207 8 250
Long Shuyu™ 2013 181 Prospective Histopathology 29 44 14 94
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Figure 2. Summary of the methodological assessment of the included studies
basing on the Cochrane Handbook. +: Low risk; —: High risk; ?: Unclear.

were recruited randomly;'®%?! the remaining 7 studies did not

indicate whether patients were recruited consecutively or
randomly.[>16:17:19-21.231 Geven studies reported that the index
test was always conducted and interpreted prior to performance
of reference standard test.[*1772922231 Two studies specified that
results of the index test and the reference standard test were
collected on the same patients at the same time;!”>!'”! the
remaining 7 studies failed to report the interval between the
index test and the reference standard test.!'® 823! Patients in all 9
studies underwent the reference standard test. All were included
in the analysis.[>16723!

3.3. Overall meta-analysis

For the TruScreen, the pooled sensitivity, pooled specificity, PLR
and NLR were 76% (95% CI, 73%-80%), 69% (95% CI, 67 %—
71%),2.30 (95% CI, 1.59-3.33),and 0.34 (95% CI, 0.23-0.51),
respectively; the DOR was 7.03 (95% CI, 3.40-14.55). Figure 3
shows the diagnostic analysis of the TruScreen. The SROC curves
for the TruScreen device are displayed in Figure 4. The AUC was
0.7859 (O =0.7236), indicating moderate accuracy. A bivariate
model was used in this meta-analysis. A moderate degree of
heterogeneity was detected (O =4.096, df=2, P=.064, *=51%
[95% CI, 0-100]).

3.4. Meta-regression

To locate the source of the heterogeneity, we conducted a meta-
regression analysis based on patient type (patients in gynecolog-
ical clinics whose cervical cytology may be normal, or patients
with positive cervical cytology who planned to undergo
colposcopy). Sensitivity and specificity according to patient
type demonstrated a statistically significant difference (P <.05):
79% (95% Cl, 72%-86%) and 71% (95% CI, 62%-79%) in
studies enrolling patients whose cervical cytology result may be
normal, versus 76% (95% CI, 69%-84%) and 60% (95% ClI,
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48%-71%) in studies enrolling patients with positive cervical
cytology results.

3.5. Publication bias

We used the Deeks funnel plot to assess the publication bias. As
shown in Figure 5. The slope coefficient did not reveal obvious
evidence of asymmetry, with a P-value of .832, suggesting a low
probability of publication bias.

4. Discussion

Technological advances in cervical cancer screening have
developed rapidly over time. Cervical cancer screening technolo-
gies primarily consist of cytologic tests, HPV DNA tests and
visual inspection. The ThinPrep cytologic test (TCT), the HPV
test, and the combined test (TCT & HPV) all have high sensitivity
and specificity.**! However, these tests are expensive, require a
high level of technological skill, and entail long waiting times to
obtain results. Therefore, such tests may not be suitable for
widespread use in the developing world. The WHO recom-
mended visual inspection as the cervical cancer screening method
of choice in low-resource areas.””! Unfortunately, visual
inspection is highly subjective and quality control is difficult.
According to a survey carried out in India and Africa by IARC,
the variation of sensitivity and specificity for visual inspection
was 56.1% to 93.9% and 74.2% to 93.8%, respectively.!*®! To
reduce the incidence of cervical cancer in low-resource areas, it is
necessary to identify a screening method that is simple,
affordable, non-invasive, instant, and can increase screening
coverage. The test must also be objective and possess adequate
sensitivity and specificity.

According to our meta-analysis, we found that the pooled
sensitivity and pooled specificity of the TruScreen is 76% and
69% respectively. The AUC of TruScreen was 0.7859 (O"=
0.7236). This suggests that the device is moderately accurate.
Meanwhile, this device is noninvasive, simple to operate, may be
performed by nurses or assistants after training, and the test
results could be available immediately and objectively. Therefore,
this device could be operated in primary medical institutions and
regions lacking medical staffs. In addition, this device is low-cost
for screening, employing single-use sensors, thus enabling wide
use for cervical cancer screening in economically backward areas.
However, this device has 2 disadvantages: one disadvantage is
that the specificity of the device is relatively low and the false
positive rate is high, possibly leading to nonessential inspection
and psychological burden on patients; the other disadvantage is
that the device is not good at detecting cervical canal lesions. To
increase the specificity, sensitivity and the clinical value of the
TruScreen, it is recommended that the use of this device be
combined with other cervical cancer screening methods. If it were
used alone, it would not be recommended for applying to
postmenopausal women in whom the squamous-columnar
junction of the cervix had moved up into cervical canal.

The studies included in our analysis were moderately
homogenous (P=.064, I*=51%). This finding suggests that
differences among studies probably affect the results of our meta-
analysis. In order to investigate possible cause of this heteroge-
neity, we performed a meta-regression analysis. We found that
patient type was a statistically significant factor affecting
heterogeneity (P<.05). The TruScreen device has a higher
sensitivity and specificity when studies involved patients in
gynecological clinics, as opposed to studies involved patients with
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Figure 3. Diagnostic analysis of the TruScreen for cervical cancer screening.

positive cervical cytology results who planned to undergo
colposcopy. This finding may be explained by selection bias
and/or spectrum bias. Together, our results suggest that the
TruScreen was suitable for universal screening, especially for the
low-resource areas with high incidence of cervical cancer.

The findings of our meta-analysis should be interpreted in light
of the following limitations. First, we only included 9 studies, all
of which were conducted in China. Second, due to the limited
number of patients, we did not analyze the performance of the
TruScreen device for detection of CIN II or higher. Third, we did
not include “gray” literature, unpublished studies, or research
abstracts from meeting proceedings. Such studies are not
commonly subjected to peer-review and they provided limited
data. However, by choosing to eliminate these studies, we might
have overlooked potentially relevant studies. Fourth, data from
the nine studies were collected in advanced areas and hospitals
where there were well-trained medical doctors. If the study were

conducted in remote mountain/village areas by a part-time
medical assistant, the conclusions may have been different.

In the process of carrying out our meta-analysis, we found that
some studies only perform the gold standard test on patients with
a positive cervical cytology result or a positive index test result.
This may lead to partial verification bias or work-up bias. Future
researchers should remain alert to this kind of bias.

Our meta-analysis only evaluated the performance of the
TruScreen device from the point of view of statistics, not
economics. We expect that future investigators will evaluate cost-
effectiveness, cost-utility and cost-benefit ratios of the device.

In conclusion, the diagnostic value of this real-time optoelec-
tronic device is moderate at best. Given that the number of
included studies in the meta-analysis is relatively small and all
studies were conducted in China, therefore the study findings
could not be generalized to other populations and should be
interpreted with caution.
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