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ABSTRACT

Background and Objectives. The Philippines faces challenges in the screening of tuberculosis (TB), one of them being
the shortage in the health workforce who are skilled and allowed to screen TB. Deep learning neural networks (DLNNs)
have shown potential in the TB screening process utilizing chest radiographs (CXRs). However, local studies on Al-
based TB screening are limited. This study evaluated gXR3.0 technology's diagnostic performance for TB screening
in Filipino adults aged 15 and older. Specifically, we evaluated the specificity and sensitivity of gXR3.0 compared to
radiologists' impressions and determined whether it meets the World Health Organization (WHO) standards.

Methods. A prospective cohort design was used to perform a study on comparing screening and diagnostic accuracies
of gXR3.0 and two radiologist gradings in accordance with the Standards for Reporting Diagnostic Accuracy (STARD).
Subjects from two clinics in Metro Manila which had gXR 3.0 seeking consultation at the time of study were invited
to participate to have CXRs and sputum collected. Radiologists' and gXR3.0 readings and impressions were compared
with respect to the reference standard Xpert MTB/RIF assay. Diagnostic accuracy measures were calculated.

Results. With 82 participants, gXR3.0 demonstrated
100% sensitivity and 72.7% specificity with respect to
the reference standard. There was a strong agreement
between gXR3.0 and radiologists' readings as exhibited
by the 0.7895 (between gXR 3.0 and CXRs read by at
least one radiologist), 0.9362 (gXR 3.0 and CXRs read
by both radiologists), and 0.9403 (gXR 3.0 and CXRs
read as not suggestive of TB by at least one radiologist)
concordance indices.

Conclusions. gXR3.0 demonstrated high sensitivity to
identify presence of TB among patients, and meets the

@ @@@ WHO standard of at least 70% specificity for detecting
true TB infection. This shows an immense potential for

the tool to supplement the shortage of radiologists for

:'5;Nh2%9‘}'9278 (391”“2”;;5 TB screening in the country. Future research directions
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https.//dot.org/10.47695/amp.vi0.8950 may consider larger sample sizes to conﬁrm these
Copyright: The Author(s) 2025 findings and explore the economic value of mainstream

adoption of gXR 3.0 for TB screening.
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INTRODUCTION

'The chest radiograph (CXR) is the primary screening tool
for pulmonary tuberculosis (PTB) according to the National
Tuberculosis Control Programs Manual of Procedures
(NTP MOP)." It provides high sensitivity despite average
specificity when interpreted by radiologists.> However, in
low-resource, high-burden countries, the shortage of health-
care professionals with skill sets to appropriately interpret
CXRs for PTB limits the widespread implementation of
CXR screening.®

In the Philippines, there is a significant increase in
TB burden despite increased efforts and resources spent
on TB care and prevention.* The Philippine Strategic TB
Elimination Plan (PhilSTEP) cites the need for intensified
CXR screening and highlights radiologists’ role in achieving
targets.* There is a severe disparity between the actual number
of radiologists and the ideal coverage of one radiologist per
10,000 Filipinos, as evidenced by recent estimates being that
only 1,500 radiologists are available to serve 100 million
Filipinos. To address this, PhilSTEP cites digital CXRs
and Al as critical components to meeting screening targets.*

Deep learning (DL) neural networks (NNs) have been
extensively explored and used in many different settings for
screening individuals with PTB.> DLNNs use computer-
aided detection (CAD) to recognize abnormalities on CXRs.
Among these CAD tools are C4DTB®, Lunit INSIGHT",
and gXR 38, all of which have been subjected to evaluation as
a screening tool for PTB®. The results have been promising,
with the diagnostic performances meeting the WHO-
recommended minimal accuracies for PTB triage tests.>**

Despite availability of the technologies, none of these
have been widely used nor explored in the Philippines.
Furthermore, the WHOQO has called for more evidence
before endorsing CAD software in PTB pathways. Hence,
this calls for the conduct of an assessment on the use of Al
in PTB screening in the Philippines.

This study provides a context-specific assessment of a
CAD software (qXR3.0) to screen for TB from CXRs of
adult Filipinos. Specifically, this study (a) determined the
specificity and sensitivity of gXR3.0 with respect to the
reference standard of Xpert MTB/RIF assay, (b) compared
these diagnostic performance to radiologists’ readings and
impressions on the same CXRs for screening for PTB,
and (c) assessed the qXR3.0 with reference to the WHO-

recommended minimal accuracies for PTB triage tests.
METHODS

'This study was written in compliance with the Standards
for Reporting of Diagnostic Accuracy Studies (STARD)

statement.

Patient Selection

v
Test A

v
Test B

-

Reference Standard

v

Diagnostic Accuracy Measures

Figure 1. Randomized diagnostic accuracy comparative study.
Adapted from Chassé & Fergusson, 2019?

Study Design

A prospective cohort design was used to compare two
tests, Test A: the deep-learning computer-aided technology
gXR version 3.0; and Test B: the radiology report from
licensed radiologists, as adapted from Chasse & Fergusson
(Figure 1).° The reference standard was the Xpert MTB/
RiF assay, a WHO-approved rapid diagnostic test for
bacteriologically confirming pulmonary TB.'

Sampling Design

'The study employed a convenience sample of adults who
entered the clinics for a chest radiograph, and recruitment
continued until the minimum number of positive cases (as
detected by GeneXpert) had been met. The study had set a
minimum number of positive cases as part of its recruitment
process in order to assess sensitivity with better precision
given that the tool assessed is a screening tool. All subjects
were evaluated and screened for study eligibility by the
investigators prior to the study entry and they were enrolled
when one of the investigators were present in the clinics.

Sample size was calculated using the methods of Buderer
et al.'! following a 5% level of significance and assuming an
estimated sensitivity of 93% and an estimated specificity of
75% based on Khan et al.? The prevalence used to compute
the sample size is higher than that of the national average as
it is based on the clinic’s data which sees more TB patients
as it functions as a presumptive TB referral center.

A desired precision of 0.07 required at least 278 subjects
with at least 52 positive cases, as determined by Gene Xpert,
to meet the sensitivity and specificity targets. However, due
to resource constraints, the actual sample size used in the
study did not meet these specified minimum numbers.

Participants

Participants included patients aged 15 and above with
the following indications: presumptive TB based on the
presence of chronic cough, weight loss, night sweats, or
hemoptysis; screening of TB in individuals with risk factors
or household contacts, or non-TB related indications such
as general wellness and clearance to work assessments, as
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verified by the physician. Patients aged 15 and above were
considered adults in line with the National Tuberculosis
Control Program’s Manual of Procedures.!

Individuals who were either in active TB treatment, had
completed TB treatment in the past year, were diagnosed
with extrapulmonary tuberculosis, or had referrals from
HIV Treatment Hubs were excluded.

'The study was conducted from October 2021 to February
2022 in Marikina and Mandaluyong cities, Philippines. The
two primary care facilities provide consultation, treatment,
and diagnostic services for a mix of patients, primarily
presumptive T'B cases.

Test Methods

Index Test: gXR

The qXR version 3.0 was evaluated in this study. The
software was installed on local computers. The CXRs were
uploaded to the software. gXR can detect abnormal findings
on a CXR. gXR includes patented algorithms that can detect
up to 29 different findings on the CXR. The CXR images
were labeled using unique identifiers and interpreted by the Al
software. QureAl’s embedded software classifies CXR images
as either normal or abnormal; furthermore, it identifies and
highlights the location/s of potentially interesting findings
on the CXR based on pre-specified cutoffs. The software
did not take into account all other clinical information and
microbiological test results.

Index Test: Radiology Reading

Two qualified radiologists with at least five years of
professional experience interpreted CXRs that were labeled
using unique identifiers and produced radiologic reports to
officially communicate findings to the referring physicians
and patients. The radiologists were blinded to all clinical
information, gXR 3.0 results, interpretations from the other
radiologist, and microbiological test results.

Reference Standard

The Xpert MTB/RIF is a rapid, automated nucleic acid
amplification test. A rapid diagnostic test such as Xpert MTB/
RIF is the primary diagnostic test for PTB and EPTB in
adults and children according to the NTP MOP. It is the only
WHO-recommended rapid diagnostic test with the added
benefit of simultaneously assessing rifampicin resistance.
A review showed that it achieves pooled sensitivity of 88%
(95% CI 84-92%) and pooled specificity of 99% (95% CI,
98-99%) when used as an initial diagnostic tool for PTB.?
As such, it is a suitable reference standard for the study due
to its accuracy, availability, cost, and reduced waiting time.
Results from the Xpert® MTB/RIF assay indicated whether
or not Mycobacterium tuberculosis complex was detected. If
detected, the results also stated whether rifampicin resistance
was detected, not detected, or indeterminate. Samples
were de-personalized and were given unique codes prior
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to testing to blind the assessors from the patients’ clinical
information while conducting the test.

Data Collection Procedures

Potential respondents who met the selection criteria were
invited to participate in the study.

On the day of enrollment, a standardized demographic
questionnaire was administered to the participants. Age,
sex, presence of symptoms, comorbidities, as well as
anthropometrics (height and weight) were collected.

A postero-anterior view digital CXR was performed. The
x-ray images were labeled using their de-identified unique
patient number and interpreted by the Al software and two
qualified radiologists. CXRs were read within two days after
receiving them.

A sputum sample was collected from all included
patients on the same day of obtaining the CXR. Instructions
on how to collect the sputum were provided to the patient.
A specimen vial was provided before the patient was ushered
to the data collection booth following standards on infection
prevention and control detailed in the clinics’ Standard
Operations Manual. Sputum induction was conducted in
an area with either natural ventilation or a negative pressure
system installed, and only one patient was allowed into the
sputum collection area at a time. For participants unable
to expectorate, sputum conduction was performed through
nebulization with saline solution (0.9% sodium chloride).
Sputum specimens were analyzed within three days after
collection. Molecular tests through the Xpert® MTB/RIF
assay were used as the reference standard for pulmonary
tuberculosis. The sputum was mixed with a reagent provided
for the assay. A cartridge containing this mixture was placed
in the GeneXpert® machine and was processed automatically.
Results from the Xpert® MTB/RIF assay indicated whether
or not Mycobacterium tuberculosis complex was detected in
the sample.

Analysis

Patients were classified as either only having a positive
or negative screen for PTB on imaging using both gXR and
the radiologist’s reading. These were then compared to the
patient’s disease status, categorized as P'TB present or absent
as determined bacteriologically through Xpert. Results
were summarized and test performance measurements were
calculated, e.g., sensitivity, specificity, and concordance indices.
All 82 subjects had no missing test results or impressions by
radiologists but those with indeterminate test results were
removed from further analysis.

Data of participants who successfully completed a CXR
and those who submitted a sputum sample for Xpert® after a
CXR were included for statistical analysis. Diagnostic accuracy
was calculated as sensitivity and specificity, together with their
95% confidence intervals. Positive and negative predictive
values per 1000 patients being tested were estimated using
the values of PTB prevalence and the derived sensitivities and
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specificities observed in the study. For inter-rater reliability,
15 samples of CXRs from bacteriologically-confirmed
positive patients and 15 microbiologically-confirmed negative
patients who were tested for PTB were used to assess the
inter-rater reliability of both radiologists. Each radiologist
analyzed the samples independently and was blinded to all
clinical information and microbiological test results.

Ethical Considerations

The University of Santo Tomas (UST) College of
Nursing (CON) Ethics Review Committee (ERC) approved
the study (USTCON 2021-OR28). The protocol was not
registered prospectively with a trials database. Despite the
lack of this registration, the UST CON ERC authorized the
continuation of the procedure. The full protocol is available
upon request to the corresponding author.

'The study objectives were explained to the respondents,
and they were asked to sign an informed consent form to
affirm approval to participate in the study without deception,
coercion, undue influence, or inducement. Minors aged 15-17
were provided a separate assent form in a simpler language
they could easily understand, to facilitate informed consent.
In addition, a consent form was provided to the minor’s
parent or guardian. Both assent and consent forms were
needed to be signed prior to enrolling a minor in the study.
Each patient was assigned a unique identifier which was used
for specimen labeling, encoding, and data analysis. Pursuant
to Republic Act No. 10173 or the Data Privacy Act of 2012,
the confidentiality of personal information was maintained
and only authorized staff had access to these. Proper disposal
of documents containing personal data was done in a secure
manner as provided by law, and digital copies containing
information were stored in a secure and encrypted database,
with access provided only to the researchers.

RESULTS

Participant characteristics

From a total of 879 patients seen from Oct 2021 to Feb
2022 in the two clinic sites who met the inclusion criteria, 797
were excluded for any of the following reasons: (1) already
being in active T'B treatment, (2) had completed T'B treatment
in the past year, (3) were diagnosed with extrapulmonary
tuberculosis, or (4) had referrals from HIV Treatment Hubs.
Among the 82 patients recruited for the study, 36 (43.9%)
were male, and 46 (56.1%) were female, with a mean age
of 36.6 = 15.8 years. Of the recruited patients, 14 had at
least one comorbidity, with most commonly reported being

hypertension (10.3%).

Test results
No adverse events were reported during and after the
conduct of chest x-ray and sputum collection. Out of the 82

patients, 28 had their sputum samples collected for Xpert
MTB, with M. tuberculosis detected in six (21.4%) and

184 included
participants from Oct
2021 to Feb 2022
Clinic 1

695 included
participants from Oct
2021 to Feb 2022
Clinic 2

|

A 4

Excluded participants
due to:
e already being in active
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(n=82) TB treatment;
- ¢ had completed TB
gXR 3.0 CXR treatment;
Reading (n=82) e extrapulmonary TB
diagnosis; or
v o referred from HIV
Radiologist 2 CXR treatment hubs
Reading (n=82) (n=797)
~ v
Radiologist 1 CXR Not ready by

Reading (n=56)

| —

Radiologist 1 (n=26)

I —

Xpert MTB No sputum Xpert MTB | | No sputum
(n=24) sample (n=4) sample
collected collected
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Figure 2. Participant flow.

not detected in 22 (78.6%). Radiologist 1 rated 12 out of
56 and radiologist 2 rated 23 out of 82 CXRs as abnormal,
respectively. gXR 3 rated 26 out of 82 CXRs as abnormal,
with 16 suggestive of tuberculosis (see Figure 2 for flow
of participants with respect to TB screening methods).

Across tests, there was no observed significant difference
in CXR gradings between sexes and presence of comorbidities,
as shown in Table 1. Index and reference test results were
summarized in Table 2.

Compared to the reference standard, the gXR3 (n=27)
had a sensitivity of 100% (CI: 47.8 - 100%, a = 0.05) and
specificity of 72.7% (CI: 49.8 - 89.3%). It had a higher
specificity than the CXR gradings of two radiologists, as
shown in Table 3.

'The specificity of gXR3 meets the WHO requirement of
0.70, and is non-inferior to the standard at 5% significance
level. The PPV of gXR3 was calculated as 454 per 1000 (CI:
167 to 766). The two radiologist gradings had PPVs of 400
(CI: 122 - 738) and 357 (128 - 659), respectively.

As for the agreement between qXR 3 and at least one
of the two radiologist gradings (type 1), results (i, = 0.7895;
95% CI [0.60,0.98]; p<0.0001) suggest a statistically very
strong agreement, given that at least one radiologist evaluated
the CXR impressions as suggestive of TB. In the four CXR
readings with disagreeing interpretations, ambiguity in consi-
dering opacity, fibrosis, and calcifications as suggestive of TB
was also observed, in addition to requesting an apicolordotic
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view of the chest x-ray for further evaluation, as in Figures

3 and 4.

In comparing radiologist-evaluated CXR with gXR3
gradings, where only CXRs read by both radiologists were
considered (i, = 0.9362; 95% CI [0.81,1]; p <0.0001), and

where CXRs were read by at least one radiologist suggestive
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of TB as shown in Figure 4 (i, = 0.9403; 95% CI [0.82,1];
p<0.0001), results also suggest a statistically very strong
agreement in the CXR readings of the radiologists and gXR 3
in both cases. The single CXR where there were disagreements
was interpreted by both radiologists as suggestive of TB.
gXR 3 interpreted it as abnormal but not suggestive of TB.

Table 1. Participant Demographic and Clinical Characteristics

Male Female Total/All Percentage

Age (average in years) 33.7 389 36.6+158 -
With comorbidities (one or more)

Diabetes 2 6 8 9.2

Hypertension 1 8 9 10.3

Others - 4 4 4.6
MTBY/RIF Results (MTB) GX

M. tuberculosis detected 5 1 6 21.4 (n=28)

M. tuberculosis not detected 8 14 22 78.6 (n=28)

Radiologist 1 CXR grading

(Heterogeneity: X2: 0.2515, p-value: 0.112768)

Findings suggestive of TB 8 4 12 21.4 (n=56)
Findings not suggestive of TB 3 11 14 25.0 (n=56)
Atherosclerotic aorta - 1 1
Bilateral apical pleural thickening 1 1 2
Granuloma or Bone island - 1 1
Other 2 8 10
No significant abnormality/findings 15 15 30 53.6 (n=56)
Radiologist 2 CXR grading (Heterogeneity: X2: 0.1358, p-value: 0.712454)
Findings suggestive of TB 11 12 23 27.7 (n=82)
Findings not suggestive of TB 3 11 14 16.9 (n=82)
Calcified aortic knob - 2 2
IlI-defined opacities 1 - 1
Pneumonia - 1 1
Other 2 8 10
No significant abnormality/findings 22 23 45 55.4 (n=82)
gXR 3.0 CXR grading (Heterogeneity: X2: 1.0929, p-value: 0.295826)
Findings suggestive of TB 9 7 16 19.3 (n=82)
Findings not suggestive of TB 1 9 10 12.0 (n=82)
No significant abnormality/findings 26 30 56 68.7 (n=82)

Table 2. Summary of Index and Reference Test Results

Suggestive Not Suggestive

No Significant

of TB (+) of TB (-) Findings ol
(MTB) GX 6 22 - 28
gXR 3.0 16 10 56 82
Radiologist 1 12 14 30 56
Radiologist 2 23 14 45 82
Radiologist 1 and Radiologist 2 10 2 44 56
Radiologist 1 or Radiologist 2 22 10 24 56

Table 3. Test Sensitivity and Specificity Confidence Intervals

Sensitivity (Cl: LI-UI)

Specificity (CI: LI-Ul)

Accuracy

gXR 3 (n=27) 100.0 (47.8 - 100.0) 72.7 (49.8 - 89.3) 77.8
Radiologist 1 (n = 22) 100.0 (39.8 - 100.0) 66.7 (41.0 - 86.7) 72.7
Radiologist 2 (n = 25) 100.0 (47.8 - 100.0) 55.0 (31.5-76.9) 64.0
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Abnormal

gXR Interpretation

qure.ai

oXR Interpretation

0.2033779028 qure.ai

Figure 4. Abnormal gXR 3.0 reading of CXR interpreted as Normal by one of two radiologists.
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DISCUSSION

'The Philippines is a high TB burden country."* Concern-
ingly, despite the country ranking fourth globally with the
highest TB incidence®, case detection has significantly
dropped. This may be due to reduced health system capacity,
less willingness and ability to seek care, concerns about the
risk of going to healthcare facilities during a pandemic,
and stigma associated with symptoms related to TB and
COVID-19." Looking into the reduced capacity to diagnose
and attend to TB patients, several CADs are already and
can be optimized for widespread adoption in the country to
supplement the shortage as seen in high-burden settings.’

The calculated sensitivity and specificity of qXR 3,
as well as those of the radiologists in the study, meet the
WHO requirement of 0.90 and 0.70, and are non-inferior
at 0.05 significance level, respectively. A higher specificity in
the test translates to more patients being correctly screened
as free from TB, potentially reducing the need for further
Xpert testing or diagnostic tests. A study that included
gXR 3 mentions a potential 50% reduction in the number
of Xpert tests required, with screening test sensitivity
kept above 90%." These findings suggest that gXR 3 may
supplement the shortage of radiologists, and augment the
current screening procedure for TB.

Other studies have reported similar sensitivity (90.2%
[95%CI 89.2-91.1]) and specificity (74.3% [95% CI 73.3—
74.9]) values.” Other countries have reported the potential
of using Al tools like gXR3 for the early detection of TB
in augmenting screening procedures.”'® Despite this, the
resulting sample size that was smaller than calculated limits
the statistical power. The desired sampling requirements were
unmet due to the limited foot traffic in the selected sites.
Mobility restrictions have impacted the number of patients
seen by clinics during the pandemic.'

Estimates of the Cohen’s kappa coeflicients suggest
statistically strong agreements among and between gradings
by gXR and radiologists. Nevertheless, a few agreements in
some of the CXR gradings are expected.”” Among the CXR
gradings both by qXR3 and radiologists, disagreements
in findings and impressions usually involved fibrosis and
opacities. Aside from atelectasis or consolidation due to
TB, opacity could be attributed to other conditions with
a similar radiographic profile to TB.' The sole reliance
on CXR grading in diagnosing TB could lead to over- or
under-diagnosis that could cause more harm than good in
the patient by subjecting them to unnecessary treatments at
risk of developing drug-resistant TB.'®

The study was conducted at clinics that typically receive
referrals for presumptive TB cases. Careful considerations
must be placed in interpreting these findings to be generalized
in a larger population as the sampling design and locations
may have introduced certain biases. Furthermore, the time
frame used for study may have limited the representativeness
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of TB patients seeking care within that time frame which
could have limited the representativeness of the study’s
sample with respect to different TB care seeking patterns
throughout an entire year. Despite the study's limitations
due to a small sample size, it is important to note that
the population captured from the two clinics was diverse,
potentially minimizing biases. This diversity within the
sample, despite its size, lends credibility to the generalizability
of the findings.

CONCLUSIONS

gXR 3 as a screening tool for TB met WHO require-
ments for sensitivity and specificity, with respect to the refe-
rence standard Xpert MTB/RIF. It further demonstrated
high agreement with radiologist readings and impressions.
Employing computer-aided detection of TB with acceptable
sensitivity and specificity can help ease the burden on the
limited number of trained medical professionals. This study
shows an immense potential for the tool to supplement
the shortage of radiologists, and provide more resource-
efficient screening and diagnosis triage for TB, especially
in low-resource, high-burden TB countries such as the
Philippines. It is recommended that more research be done
with bigger sample sizes to confirm these findings and
explore the conclusions and determine their economic value
of mainstream adoption of gXR 3.0 for T'B screening.
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