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Introduction: context



Breast cancer screening

• Advantage
▪ Early detection

o Higher survival rates

o Less aggressive treatments

o Lower costs

• Shortcomings of mammo screening
▪ Ionizing radiation → risk of cancer

▪ Patients' discomfort/pain → low adherence

▪ False positives
o Emotional cost

o Unnecessary biopsies

▪ False negatives, especially in dense breasts (young women)

▪ Economic cost: equipment + personnel 



Inclusion criteria for screening

• Usual criteria
▪ Age

▪ Familiar antecedents

• Other criteria
▪ Breast density

▪ Personal antecedents

▪ Genetic tests

▪ Etc.

• These criteria are used to estimate cancer risk
o almost always implicitly; sometimes explicitly

• Some studies analyze cost-effectiveness



Screening techniques

• Usual
▪ Mammography

o sometimes with tomosynthesis and synthesized mammography

▪ Ultrasound

o especially recommended for dense breasts

o sometimes with elastography 

• Proposals
▪ MRI (only for high-risk women; example: DENSE trial)

▪ Microwaves (example: MammoWave project)

▪ Thermography

▪ Etc., etc.

https://www.nejm.org/doi/full/10.1056/NEJMoa1903986
https://www.ubt-tech.com/en/mammowave-x-rays-free-mammogram/


Screening guidelines

• Significant differences among countries
▪ and even within the USA (USPSTF, ACS, ACOG, ACR, ACP…)

• Differences
▪ Starting age: 40 / 45 / 50 y.o.

▪ Ending age: 69 / 74 / life expectancy < 10 years

▪ Frequency: annual / biennial / every 3-4 years…

▪ Techniques (in addition to mammo): ultrasound, MRI

• It would be desirable to find the optimal pattern
▪ evidence-based

▪ personalized: tailored to each woman’s features.



Example: 
(Schousboe et al. 
2011)

• Technique: only mammo

• Cost-effectiveness analysis

• Inclusion criteria

▪ age

▪ familiar antecedents

▪ breast density

▪ previous biopsy

• Markov model



Another example: 
(Gray et al. 2017)

• Mammo + ultrasound

• Cost-effectiveness analysis

• Inclusion criteria

▪ estimated risk (explicit)

▪ breast density

• Model: discrete event 
simulation



• From 2018 to 2025.  Budget: 12.5 M€, European Union

• 85,000 women, 40 to 70 y.o., from 5 countries

• Goal: optimal screening policy, depending on personal risk:

{age, familiar antecedents} + {genetics, breast density…}



www.thewisdomstudy.org

http://www.thewisdomstudy.org/


Tailored Screening for Breast Cancer in Premenopausal Women (TBST) 

https://www.google.com/search?q=Tailored+Screening+for+Breast+Cancer+in+Premenopausal+Women+TBST


https://bridges-research.eu

https://bridges-research.eu/


A.I. will 
revolutionize 
radiology

• This system is more accurate 
than 61% of radiologists

• and is still learning.



Breast thermography



Breast thermography

• Advantages
▪ No ionizing radiation: can be used in young and pregnant women

▪ No contact with skin: painless, compatible with breast implants

▪ Detects metabolic activity: more aggressive tumor → easier to detect

o relevant for interval cancers and inflammatory cancers

▪ More sensitive than mammo in dense breasts

▪ Equipment is cheap and portable

▪ Does not require highly-trained personnel

o neither for image acquisition (like a photo) nor for its interpretation (A.I.)

• Problem
▪ Contradictory results for several decades. Radiologists’ reluctance.



• Modern infrared cameras; e.g., FLIR A700:
▪ spatial resolution: 640 × 480

▪ thermal sensitivity: 0.03 °K

▪ weight: 820 g

▪ price: ~12.000 €

• A.I. for image analysis
▪ More reliable

o Accurate comparison of the temperature of pixels

o Detection of patterns that scape the naked eye

▪ Reproduceable: not subjective

Recent progress in clinical thermography



Recent 
publications 
about breast 
thermography

Source: (Gonzalez-Hernandez 
et al., 2019)



• Several recent studies suggest that it is effective

• Two recent large rigorous studies prove that it is effective
as an adjunct to mammography:

▪ Hellgren et al. [2019]

▪ Kakileti et al. [2020]

Effectiveness of breast thermography



May 2019, 
Sweden -
Israel

▪ Mammo detected 7 cancers in 7 women

▪ Thermo detected 6 additional cancers in 5 women



▪ Uses the Thermalytix software, 
developed by Niramai

Oct 2020,
India



An example of commercial interest in thermo

• Niramai is an Indian start-up, founded in 2016

• Software: Thermalytix, AI-based
▪ Sensitivity: 91% (mammo: 87%)

o In asymptomatic women, 100% (mammo: 50%)  [only 4 patients]

o In tumors < 2 cm, 71% (mammography: 68%)

▪ Specificity: 68% (mammo: 94%) [some “false positives” might be true positives]

▪ More accurate than mammo in dense breasts

▪ Able to detect some non-palpable lesions < 4 mm

• They do screenings in rural areas and (during COVID) at home

• They have raised more then US$ 6 million from investors

• 10 patents

https://www.niramai.com/


Patents about breast thermography (2020)

Sept. 2020



Patents about breast thermography (2022)

March 2022



Our project



Project data

• Title: “Cost-effective breast cancer screening with mammography, 
ultrasound and thermography”

• Financed by the Spanish Ministry of Science and Innovation

• From 1-6-2020 to 31-5-2023 (might be extended for 18 months)

• Participants: UNED, Univ. Francisco de Vitoria, two Hospitales

• Researchers: 

▪ 18 experts in A.I.

▪ 4 doctors (3 radiologists)

▪ 1 health economist



Goals of the project

• Computer analysis of three types of images
▪ Mammo, ultrasound, thermography

▪ In interaction with the radiologist

▪ Generate written reports

• Diagnostic support / Optimal screening policy (cost-effectiveness)
▪ Modeling techniques

o Markov models

o Discrete event simulation

▪ Integration of all the data
o Several types of images

o Personal and familiar antecedents

o In the future: genetic tests

A.I. techniques: 
computer vision, 
explanation of the results,
natural language generation

A.I. technique: 
probabilistic graphical models



First result 
of our group

• Thermographies from a 
public dataset (Brazil)

• Neural network that 
combines images and 
clinical data

• Results:
- sensitivity: 83%
- specificity: 100%
- AUC: 0.99

• In spite of the poor quality
of the data



Clinical study in three (very different) hospitals

• A public hospital and health center near Madrid
▪ Within a programme of the regional Government of Madrid

o systematic screening with biennial mammo, from 50 to 69 y.o.

▪ Additional thermo is offered by the mammo technician

▪ More than 400 thermographies done so far, ~25 per week

• A private hospital near Madrid
▪ Patients usually have private insurance polices

o opportunistic screening, with mammo + ultrasound; some patients have annual exams

o younger women in average

▪ Additional thermo is offered by a gynecologist
▪ More than 50 thermographies done so far, ~8 per week

• A private hospital in Sierra Leone
▪ 33 symptomatic women examined with ultrasound in Jan 2022
▪ 9 cancers, confirmed by biopsy; median age: 33 y.o.
▪ New visit foreseen in Jul 2022, including thermo.



Conclusions



Conclusion: usefulness of thermography

• Use in high-income countries
▪ Adjuvant to mammo: more sensitive for dense breasts, safer

▪ Much cheaper than MRI, no side effects due to contrast agents

▪ Annual examination of high-risk women is possible

o especially young women with familiar antecedents, and also pregnant women

▪ If very sensitive, it might avoid some biopsies (in BIRADS 4A)

• Use in low-income countries
▪ Mammo screening of all women is not affordable

▪ Infrared cameras are cheaper and cheaper, A.I. can do the diagnosis

▪ Screening can be done with thermo+ultrasound

o reserving mammo, MRI (if available), and biopsy for suspicious cases



Collaboration: what we can offer

• Ultrasound
▪ A.I. for analyzing the images (in development)

▪ MACbioIDi2 project: training in ultrasound-guided biopsy

• Thermography
▪ A protocol for image acquisition

▪ An Excel file for collecting the clinical data, with a graphical user interface

▪ A Python program for controlling the camera and getting the images

▪ A.I. for analyzing the images (in development)

• Mammography
▪ Future (?): A.I. for analyzing the images.



Thank you very much for your attention

Contact: fjdiez@dia.uned.es

mailto:fjdiez@dia.uned.es

