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Abstract

Breast cancer is the leading cause of death among women worldwide. Breast ultrasound and mammography examinations are routinely used to
detect breast pathologies. Breasts have different breast densities (according to Wolfe’s classification) and thus carry different risks of developing
cancer. The existing routine screening methods have their limitation. Mammography has often been found to be insufficient for the examination of
breasts with dense glandular tissue, as some cancerous changes may be undetected. Breast cancer, even at very early stages of development, has
been found to have an increased rate of metabolism and therefore an increased temperature. These thermal changes, within the tumor core, can
be detected using contact thermography. We present a case of an invasive ductal carcinoma in a patient with dense breast tissue, which was first
detected via routine ultrasound examination and further confirmed through contact thermography. On mammography, the lesion was undetected.
We discuss the potential for contact thermography to become a novel, non-invasive diagnostic tool which can be used as a complementary method

to standard of care, especially for women with dense breast tissue, for whom mammography is not effective.
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Introduction

Breast cancer is the most common malignant cancer and the
leading cause of death in women worldwide [1]. It has become one of
the most important health problems in recent decades. The detection
rate of breast cancer has increased significantly due to increased
awareness of the disease and increased availability of diagnostic tools,
as well as implementation of national screening programs.

Due to the high risk of developing breast cancer in women with
dense breast tissue, and the problems associated with selecting
appropriate diagnostic examinations, breast cancer in these women is
often detected at a more advanced stage [2]. There is an urgent need
for improved diagnostic methods that can be used as complementary
methods to standard of care. One such method is contact
thermography, which utilizes a phenomenon of heat transmission
to visualize changes in the breast glands. Through development of a
pathological vessel system, cancer tissue has an increased metabolic
activity compared to healthy tissue resulting in the presence of
focal or linear hyperthermias, which can be registered via contact
thermography on liquid crystal matrices.

Case

A 39-year old woman came in to the clinic for a routine ultrasound
breast examination. The physical examination was unremarkable.
A breast ultrasound was performed, which revealed a 17 x 24 mm,
irregular, hypoechoic change, partially obscured, located in the left
breast at the 5 oclock axis (Figure 1). The change was classified as BI-
RADS 4C and the patient was referred for mammography and core-
needle biopsy.

A mammography was performed prior to the planned biopsy.
The mammogram revealed dense, glandular breasts, without visible
micro-calcifications. In the upper outer quadrant of the left breast, an
asymmetric density (Figure 2-circled structure) was visualized, which
qualified the patient for a secondary ultrasound evaluation. Based on
the type of breast tissue (dense glandular tissue according to Wolfe’s
classification), mammographic examination has reduced sensitivity
[3]. The change was classified as BI-RADS 0.

Both breasts have dense, glandular tissue, BI-RADS 0. An
asymmetric density in the upper outer quadrant of the left breast is
circled, which qualified for an additional ultrasound evaluation.
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Figure 1: Ultrasound examination of the left breast revealed a 17
x 24 mm solid change in the lower outer quadrant, Classified as
BI-RADS 4c.

Figure 2: Mammogram of both breasts in CC (cranio-caudal) and
MLO (mediolateral oblique) view.

The patient was referred to a diagnostic center, in which a secondary
ultrasound examination was performed. No changes were detected in
the area described in the mammogram, but a solid change in the lower
outer quadrant of the left breast at the 5 oclock axis was confirmed.
Next a thermographic examination was performed of both breasts
(Figure 3). A focal hyperthermic structure was observed in the lower
outer quadrant of the left breast, in the location previously visualized
on the ultrasound examination. No significant thermal changes were
detected in the right breast.

Due to the appearance of a suspicious change in the left breast, a
core-needle biopsy was performed, which confirmed a grade 2 invasive
ductal carcinoma, type NOS (Not Otherwise Specified).

Discussion
Thermography-principles in breast diagnostics

The underlying physiological principle of contact thermography in
medical imaging diagnostics is the so-called dermo-themal effect, in
which cancer cells have a higher rate of metabolism [4]. Furthermore,
a process of neo-angiogenesis induces strong hypervascularization
around the tumor core, which can occur even at very early stages
of cancer development [5]. It has been shown that even within a
microenvironment of a 1 mm diameter tumor, there are enough
pro-angiogenic factors to generate completely new vasculature [6,7].
This phenomenon leads to permanent, localized, intra-glandular
temperature anomalies, which can be observed on the surface of the
examined organ [8].

Instruments based on contact thermography, through the
application of a liquid crystal foil, can induce a so-called selective
light diffraction effect. This effect allows us to obtain a color image
on the surface of the liquid crystal foil. By pressing the foil against
the surface of the breast, a color thermogram is obtained, the
analysis of which enables us to detect hyper-vascular changes in
the breast.

A retrospective observational population study performed by
Bothmann, et al. [9] on 19,461 females showed that abnormal
thermography results were obtained in 86% of women with
confirmed malignant lesions. Sensitivity and specificity of contact
thermography for all invasive neoplastic lesions was 73% and 71%,
respectively, with a false positive rate of 16.6% and false negative
of 8.6%.

Breasts with dense tissue-characteristics and methods of
evaluation

Numerous classification approaches for the characterization of
breast density have been proposed, most commonly used is Wolfe’s
classification, which relies on mammographic examination of the
fibro-glandular densities in relation to fat tissue (Figure 4). Wolfe first
proposed this classification system in 1976, following his retrospective
study of 7,214 women [10]. Based on roentgen images and several
years of observation, Wolfe selected and named specific categories of
breast parenchymal patterns [11]. Wolfe then classified women into
four groups (N1,P1,P2, and DY), each group with a different risk of
developing breast cancer.

Due to the differences in breast densities and the resulting
consequences, there is an increased need to evaluate breast density
during routine screening examinations. According to a new legislation
passed in February 2014 in the US [12], women undergoing
mammography screening must be directly informed if they have
dense breast tissue. This is because there is lack of female awareness
of different breast densities and the associated risks of developing
cancer, as well as lack of knowledge among doctors about potential
false negative mammograms where a dense breast tissue can mask
the tumor [11]. With increasing number of research reports and
publications [13,14] relating to the increased risk of breast cancer in
women with dense breast tissue, numerous educational organizations
have been founded worldwide, which promote routine screening and
provide help and support to women.
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Figure 3: Contact thermography of the lower outer quadrants of both breasts reveals focal hyperthermia in the left breast (circled).

Figure 4: Mammogram classification of breast tissue based on Wolfe’s classification (left to right: N1,P1,P2,DY).

Diagnosing breast cancer in women with dense breasts-a
methods approach

To date, there are various imaging techniques to visualize breast
cancer at various stages, including: mammography, ultrasound, MRI,
and most recently, thermography [15-17]. In women with dense
breasts, the sensitivity of mammography can be as low as 30-45% [18].
Dense breast tissue decreases the sensitivity as well as specificity with
which screening mammography is able to diagnose the cancer. Over 50
percent of females participating in breast cancer screening programs
have intermediary dense breasts or extremely dense breasts [19].
Henceforth, an increased amount of dense breasts are observed, with
the limited sensitivity of screening mammography. Complementary
nonmammographic imaging tools have been proposed, including
breast MR and ultrasound. Breast MR has a high specificity (97.1%)
and positive predictive value (35%), however with increased cost,
requirement of intravenous contrast and low sensitivity, breast MR
has not become part of routine screening [20]. Complementary breast
ultrasound on the other hand has been shown to have a high sensitivity

(91.1%), however a lower specificity (87.7%), and low positive
predictive value, which may translate to higher costs downstream and
increased morbidity [21].

Regulations set forth by the US Food and Drug Administration
have cleared thermography as an adjunctive tool to mammography,
which is similar to the aforementioned methods [22]. By no means
should thermography be used as a standalone method for breast cancer
screening or diagnosing early stage breast cancer. Thermography,
as an alternative option in the diagnostic pathway, may be used to
complement current standards as it is inexpensive, non-invasive, and
far more portable than the aforementioned modalities. Further studies
are required to see the impact on healthcare costs and its role in breast
cancer screening.

Conclusion

In the presented case, analysis of the performed examinations
demonstrated the limitations of mammography; while, providing a
glimpse for the potential of contact thermography as an appropriate
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technique for evaluating metabolic changes first detected on breast
ultrasound.

Contact thermography is a non-invasive method that does not
use radiation and can play a significant adjunctive role in the early
detection of breast cancer. Contact thermography is particularly
useful in women with dense breast tissue, who have an increased risk
of developing breast cancer but for whom mammography is not an
effective diagnostic method.
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