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ABSTRACT

Background: Women from low-income families have poorer health-seeking behavior, particularly when it comes to
cancer screening. A community health initiative was launched by Niramai in collaboration with city officials in
Bangalore as a pilot to increase awareness and make breast health screening available to all. This study describes a
community-level breast screening for underprivileged women in south India adopting Thermalytix, a thermography-
based artificial intelligence device.

Methods: This observational study was conducted at 25 municipal primary health centers where women over 18 years
of age were enrolled. The project started on 14 November 2017 and is ongoing. Procedures include a brief meeting on
camp procedures, identification of eligible candidates, health education, and Thermalytix testing.

Results: A total of 6935 women underwent artificial intelligence (Al)-powered Thermalytix screening in 25 Bruhat
Bengaluru Mahanagara Palike (BBMP) hospitals. The median age was 42 (range 18-86) of the 5248 women enrolled
as per inclusion. Among the 5248 women recruited, 62 (1.18%) women were detected with some abnormalities in
Thermalytix. Out of the women who underwent follow-up investigations (11/62), eight were positive on radiological
evaluation, further histopathological evaluation confirmed one ductal carcinoma in situ.

Conclusions: Community participation with the engagement of the local government health officials enabled us to
develop screening strategies for underprivileged women. Thermalytix could be a potential screening tool in resource-
constrained settings and the portable equipment enabled easy movement across different primary health centers (PHCs).
Since it is a privacy-aware test, there was less refusal to participate in the test.
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INTRODUCTION in India is 92.6 per 100,000 population with a mortality

rate of 12.7 per 100,000 population.? Breast cancer
Breast cancer is a major public health concern in India, incidence is rising rapidly in low- and middle-income
accounting for approximately 25% of all female cancer countries (LMICs); Over a 26-year period, the age-
cases.! It is estimated that the prevalence of breast cancer standardized incidence rate of breast cancer in India
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increased by 39-1% (95% Ul 5-1-85-5) from 1990 to
2016, with an increase observed in every state of the
country.®

Breast cancer screening identifies signs of breast cancer
among women even before the symptoms appear and
systematic breast cancer screening is associated with a
reduction in cancer deaths across many studies.*
Guidelines for the screening, diagnosis, and treatment of
breast cancer exist in the developed world, but economic
and health systems barriers preclude the implementation of
many of these recommendations in resource-limited
countries and the screening modality that is appropriate for
India and other LMICs remains undetermined.®
Community-level mammographic screening is not the
most effective approach in LMICs as it is a complex
undertaking involving  substantial resources and
infrastructure and results obtained in western countries are
unlikely to be replicated in poorer countries.® Hence it is
recommended that there should be a “mixed” portfolio of
tools to reduce breast cancer mortality with mammaography
reserved only for those sub-populations that meet the
criteria.”®

Self-breast examination, clinical breast examination, and
ultrasound are the cancer screening methodologies that are
most frequently used in the absence of comprehensive
mammographic screening. Breast self-examination is
probably the least expensive method but is likely to reduce
mortality only if competently performed and if backed up
with an appropriate diagnostic follow-up. However, at the
community level, it is not feasible to ensure women
perform well.® Clinical breast examination refers to the
conventional method of a healthcare practitioner
physically inspecting the breast to detect any symptoms
and its sensitivity range from 28% to 54% and is depending
on the skill of the healthcare workers.:® In a recent study,
Mittra et al 2021 found that clinical breast examination
conducted every two years by primary health workers
significantly down staged breast cancer at diagnosis and
led to a non-significant 15% reduction in breast cancer
mortality overall.® However, the success of its use for
early screening has not been widely established.'?*®
Ultrasonography could offer a low-cost way to improve
sensitivity and detection rates of early cancers in women
with dense breasts, but the use of ultrasound has also been
restricted in India due to the pre-conception and pre-natal
diagnostic techniques act, of 1994. It is therefore not a
feasible option for community-based breast cancer
screening programs in India.*

In 1982, the United States Food and Drug Administration
(FDA) approved thermography as a supplement to
mammography to help detect breast cancer. Digital
infrared thermal imaging (DITI) has resurfaced in this era
of modernized computer technology, and several authors
have revisited the use of breast thermography as a cost-
effective technique to detect breast anomalies in the
community.*>'® Modern high-resolution thermal cameras
can detect temperature differences of 0.025°C and when

combined with computer algorithms for thermal analysis
may reduce subjectivity and enable automated quantitative
interpretation thereby making the interpretation process
more factual.*® The use is not intended to replace the
mammogram for breast screening but rather to use it as a
complementary tool as part of more efficient earlier
detection strategies contributing to decreasing mortality
rates.

The CE marked Thermalytix™ uses machine learning,
image processing, and computer vision techniques to give
an automated interpretation of the breast thermal images,
and is a potentially low-cost, portable, non-invasive, and
non-contact thermal screening modality. In a recent
publication of a multisite study of 470 asymptomatic and
symptomatic women, it has been validated to have a
sensitivity of 91.0%, specificity of 82.4%, and an negative
predictive value (NPV) of 97.9% for the detection of breast
malignancy.?® It is effective on women of all ages, but
especially on younger women with dense breasts. This is a
low-cost, accurate, automated, easily portable cancer
screening device that is painless, non-touch, and radiation-
free.

This paper aims to describe a community-level breast
screening for underprivileged women in south India
adopting Thermalytix, a thermography-based artificial
intelligence device.

METHODS

This is an observational study of an ongoing screening
program conducted at primary health centers of the Bruhat
Bengaluru Mahanagara Palike (BBMP), which is the
administrative body of the Bangalore metropolitan area,
using artificial intelligence based breast thermography CE-
marked Thermalytix technology to screen asymptomatic
women for breast abnormalities in conjunction with
Niramai Health Analytix, the manufacturer of
Thermalytix.

On 14 November 2017, the state government of Karnataka
launched a community public health initiative to raise
breast health care awareness and make breast screening
available to all BBMP hospitals and affiliated primary
health centers (PHCs) offering Niramai's Thermalytix
screening tool. Currently, breast screening is not available
at any of these screening locations. Every month, on
selected days according to a preplanned schedule,
Niramai-trained technicians screen women who walk in at
BBMP healthcare centers (Figure 1). The awareness
training, recruitment, screening, and follow-up procedures
are described below.

Participant selection

Participants were women over the age of 18 who were
enrolled as outpatients. Pregnant and lactating women
were excluded from the study. Voluntary recruitment was
done following community-based awareness activities;
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other subjects were recruited from the villages by
accredited social health activists (ASHA) workers.

Sample size
Since this is an ongoing public health initiative in

collaboration with BBMP, the exact formal sample size
calculation was not performed.

Thermalytix screening device

Breast Health Screening setup

iy

PATIENT SCREENING AREA

Figure 1: Camp screening set-up at BBMP facilities
and Thermalytix breast screening device.

Training of field staff/technicians

For the technicians and community participants, a well-
organized field training program was implemented as part
of the project. The staff received two days of training
covering how to use and troubleshoot the device, as well
as information about breast cancer, study inclusion criteria,
and recruitment requirements. Local support groups
received the additional training, so they could counsel and
direct a patient to the screening camp. Several breast health
awareness activities were planned for health professionals
and different levels of community leaders, including
ASHAs. Women who visit health clinics were invited to
undertake the Thermalytix screening as part of this project.
As per the previously planned schedule, there were two
technicians at the BBMP affiliated PHC. Every six months,
refresher training is provided.

Resources used

Each center uses one Thermalytix device and two qualified
technicians on a scheduled day. Thermalytix devices
consist of a cooler, thermal camera, tripod, Thermal
printers, a laptop to capture the thermal images, and a
rotating stool. An image of the Thermalytix breast
screening device is represented in Figure 1.

Screening methodology

Women who visit the BBMP health clinics are given a
summary of the camp processes, as well as registration for
the camp. Written informed consent is obtained. After
obtaining the informed consent, screening starts with
documentation, which includes demographics and relevant

medical history. The Thermalytix screening is then
initiated by providing the participants with the relevant
instructions (Figure 2). Before taking the thermal images,
the person is pre-cooled with the help of a cooler. A skilled
technician captures five thermal images of the chest
region: frontal, left-oblique, left-lateral, right-oblique, and
right-lateral views.?*A representative case is displayed in
Figure 3 with breast images taken from five different
views. The Thermalytix software was then used to upload
these pictures. The asymmetry in the structural, vascular,
and thermal properties of the observed abnormality allows
Thermalytix software to automatically analyze the
uploaded images to find abnormal patterns. The automated
analysis of the thermal image generates a screening report
that recommends the next step: follow-up with breast
ultrasound and/or further investigations if the abnormal
thermal activity is detected (triaged as red), or routine
screening if no abnormal thermal patterns are detected
(triaged as green). The Thermalytix test takes about 15
minutes to complete. Women who are diagnosed with a
breast anomaly (triaged as red) are referred for additional
testing and follow-up.

| |nwitation to participate in the screening camp at BBMP |
Consent and documentation

¥

- ~
Thermalytix™ Thermalytix™
positive 1 Thermalytix™ by trained technician negative
(Triaged L (Triaged

asred) as green)

¥ ¥

~
USG by doctor and/or W . Recommend routine |
mammography Test screening
\ —

- negative
Test-positive L

( 5 2
Biopsy/FNAC for
test positive cases
. S

'[ Documentation and data analysis ]“

Figure 2: Schematic diagram of the screening process
at BBMP facilities.
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Figure 3: The five views of the breast captured in the
Thermalytix device.
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Informed consent

Informed written consent was obtained from the
participants.

RESULTS

A total of 6935 women underwent Al-powered
Thermalytix screening in 25 different BBMP hospitals
with mean age (SD) of 42.81 (£11.64), and a median age
of 42 (Table 1). 62.63% of the women screened were pre-
menopausal. The majority (n=4706/5248, 89.67%) were
asymptomatic. A total of 62 women were assessed to be at
high risk after scoring with the Thermalytix software
(62/5248=1.18%). The positivity rate of the Thermalytix
test (version 4.9) in this community setting thus was
1.18%.

Table 1: Demographics of the population studied.

Frequency of
eligible
screened
participants

Frequency of
Thermalytix

Variables
screened red

(n=62) (%)

Age (years)

<20 64 (1.22) 0

21-30 737 (14.04) 17 (27.42)
31-40 1623 (30.93) 18 (29.03)
41-50 1642 (31.29) 15 (24.19)
51-60 822 (15.66) 3(4.84)
61-70 306 (5.83) 8 (12.90)
71-80 51 (0.97) 1(1.61)
>80 3 (0.06) 0
Menopausal status

Premenopausal 3287 (62.63) 37 (59.68)
Postmenopausal 1961(37.37) 25 (40.32)
Symptoms

Lump in breast 90 (1.71) 8 (12.90)
Breast pain 431 (8.21) 15(24.19)
Nipple discharge 16 (0.30) 0

Skin discharge 5 (0.10) 1(1.61)

Among the 62 women characterized as being at high risk
after thermal screening (Figure 4), 11 participants out of
62, who underwent follow-up investigations and submitted
the reports and identified with abnormal breast tissues, one
was diagnosed with ductal carcinoma in situ (DCIS) and
eight had benign breast lesions, one participant had a
normal report and one participant’s reports were
unavailable to conclude.

The overall test positivity rate of Thermalytix in this cohort
was 1.18% and the positive predictive value with
radiological positivity as reference was found to be
9/11=81.81%.

Women screened
6935

Women Included
5248

Thermalytix
positive
62

y
/
/ 4
/
/ /v
Loss to follow-up as no
4 . . 8
- immediate action.

¢ 1 breast malignancy
o 8 benign

Women with
abnormal findings

Figure 4: Summary of the participants in the project.

DISCUSSION

This work demonstrates the potential of a novel breast
cancer early detection technique in a low- and middle-
income country within a limited resource setting. In this
paper, we have reported the feasibility and results of
utilization of portable, radiation-free breast thermography
enhanced by computer-aided machine learning algorithms,
to detect breast anomalies among asymptomatic women
with no access to other more conventional screening
methods.

Organized national mammographic screening has been
adopted as the gold standard for early detection of breast
cancer in western countries; however, screening for breast
cancer in LMICs presents a paradoxical dilemma. On one
hand, no screening would lead to increased odds of
presentation at advanced-stage diseases for which
treatments are unavailable, unaffordable, and cost-
ineffective. On the other hand, LMICs are not equipped to
both implement a screening campaign effectively and deal
with the downstream consequences of screening-detected
lesions, most of which end up not being cancer. The
optimal method of screening in LMICs is not known, and
a “mixed” portfolio of tools is recommended. As noted by
Anderson et al, 2011 it is necessary to look very closely at
any given country to best direct that particular country’s
screening program.?? Resource-stratified guidelines for the
early detection of breast cancer were developed as a
framework by the Breast Health Global Initiative
(BHGI).2* It was suggested to consider various
organizational levels of countries in relation to breast
cancer. Specifically, at the basic level, breast self-
examination is encouraged, whereas diagnostic ultrasound
and mammography are available at a limited level. At the
increased level, patients have access to diagnostic
mammography with opportunistic breast screening, and at
the maximum level, the population undergoes organized
screening for breast cancer.?

In the absence of comprehensive mammographic
screening, several groups in LMICs have investigated
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alternate techniques to improve breast screening coverage.
Breast cancer screening can be delivered by mobile
mammography units which were first introduced to
increase geographical access but also to reach deprived
women. Population studies have shown mobile
mammography programs to be effective at increasing rates
of breast cancer screening, although it is less cost-effective
than conventional stationary mammography.?* The results
of screening programs based on clinical breast examination
have been more encouraging. A recent study by Mittra et
al 2021 indicated that clinical breast examinations
performed by primary health professionals every two years
considerably reduced the stage of breast cancer at
diagnosis and resulted in a non-significant 15% decrease
in overall breast cancer mortality.* In contrast, another
large randomized study to compare CBE with no screening
conducted in India could not demonstrate mortality
reduction of CBE.”® In women with dense breasts
ultrasonography could be a low-cost way to improve
sensitivity and detection rates of early cancers, though it is
limited by operator dependency. If used for screening
rather than for the assessment of palpable disease, it has
the potential for a high false-negative rate.2® Conventional
hand-held breast ultrasound has been evaluated as a
screening tool, either alone or as an adjunct to
mammography. But it is highly operator-dependent and
necessitates the presence of a radiologist. A meta-analysis
has demonstrated that in women with dense breasts
ultrasound detects additional four breast cancer cases per
1000 mammography-negative women but nearly doubles
the referral rate to further assessment.?’

By contrast, high-frequency automated breast three-
dimensional ultrasound (ABUS) is less operator-
dependent, requires less time, can be performed by trained
nurses or technicians and the results are more
reproducible.?® Victoria Mango and colleagues 2022 have
used the portable intelligent iBreastExam, a handheld
screening device based on elastography, to evaluate
women aged 40 years or older who were symptomatic or
at high risk with a family history of breast cancer and found
that in the diagnostic detection algorithm, the iBreastExam
would be suitable as a pre-screening device.?®

With a better resolution of current infra-red cameras, there
has been a recent resurgence of interest in breast
thermography in the detection of breast lesions. Singh et al
2019 have recently reviewed the role of image
thermography in early breast cancer detection.
Harnessing the advantage of current high-resolution
thermal cameras with computer algorithms for thermal
analysis may lessen subjectivity and enable automated
quantitative interpretation. The aim is not to replace
mammography with this method of breast screening, but
rather to use it as an adjunct modality with other earlier
detection methods that are more effective and help reduce
mortality rates.

We believe that Thermalytix is well suited for breast
screening in LMICs, and this report brings out some of the

strengths of the technique. Breast screening in LMICs is
often non-existent due to a host of patient, economic and
system-level barriers that impact screening rates among
disadvantaged populations, such as lack of awareness, no
knowledge about breast cancer, fear of the results of tests,
scared of undergoing mammaography, the stigma of getting
cancer, financial pressure, lack of time/privacy,
accessibility to treatment facilities and presence of male
health workers.

Thermalytix removes some of these barriers. It is a non-
contact, non-invasive, no breast compression test that is
privacy aware, uses no radiation, and is an affordable,
portable, and light small screening device. As a portable
device, it improves access to care. It is affordable and
hence, is available for all socio-economic groups. The test
can be made available at the remotest of health centers,
bridging geographical distances, and can be conducted by
low-skilled healthcare workers. The cost is lower than
standard imaging modalities due to two main reasons-
firstly the infrastructure involved in setting up the test is
lower than standard imaging modalities; secondly, it can
be performed by a trained paramedical thus reducing the
burden on specialists.

Hence, it is associated with high levels of patient
satisfaction. Women who are shy and sensitive to the touch
of private parts can use the test without inhibition.

Limitations

Certain limitations of our study warrant acknowledgment.
This was a purely observational study and the results
obtained were not compared to another but a similar cohort
of women undergoing screening by either CBE or
mammography.

CONCLUSION

In conclusion, it is believed that this technique,
Thermalytix, is a promising technique to increase access to
breast screening in LMICs. Further larger population-
based studies are warranted to establish its place in the
clinical pathway of breast cancer detection. This pilot
program has the potential of being replicated on a national
scale to create awareness about breast cancer and
downstage its presentation.
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