Aim of the study: The aim of this
study is to research the contribution
of radiothermometry (RTM) to the
characterization of breast masses, the
differentiation of malignant-benign
masses and diagnosis of early stage
breast cancer.

Material and methods: This prospec-
tive study comprised 182 cases of pa-
tients diagnosed with a breast mass
and a control group of 55 cases: a to-
tal of 237.

Results: When histopathology is ac-
cepted as the gold standard among
diagnostic methods, the sensitivity,
specificity, and positive-negative pre-
dictive value for RTM were 90.9%,
20.8%, 61.2% and 62.5%, respectively.
Consistency was 0.129. When com-
pared with mammography the same
values for RTM examination are 87%,
81.4%, 58% and 95.5%. Consistency
was 0.582. Evaluating with respect
to size of the mass accepting mam-
mography as the gold standard, RTM
examination had sensitivity, specific-
ity, positive and negative predictive
values for masses 2 cm and above of
88.9%, 83.3%, 88.9% and 83.3%. Con-
sistency was 0.722. The consistency
of RTM for lesion diagnosis in BI-RADS
Il breast structure is higher than the
consistency of mammography.
Conclusions: |dentification of lesions
in the breast and presence of microcal-
cification by RTM shows that it is more
trustworthy compared to mammogra-
phy. When compared with mammog-
raphy the validity results for RTM show
there is a good level of conformity be-
tween the two methods. When evalu-
ated based on the area below the ROC
cure and compared to mammography,
RTM is sufficiently successful at evalu-
ating positive and negative cases.
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Introduction

Breast cancer, the most common form of cancer in women together with
lung cancer, continues to be an important cause of mortality and morbidity.
According to the American Cancer Society, breast cancer is the most fre-
quently diagnosed cancer in women in the US and is the second highest
cause of cancer-related deaths in women [1, 2].

Mammography, with 90% sensitivity for screening and identifying breast
lesions, is still the most basic method. However, in some cases, lesions that
are palpable on clinical examination may remain hidden on mammography
due to superposition of breast tissue. Sometimes mammography size was
smaller than histopathological size [2]. Additionally, more than 75% of le-
sions identified on mammography are diagnosed as pathologically benign.
The most important problem is that the sensitivity of mammography to
identify lesions is reduced in situations with dense breast tissue due to his-
tory of radiotherapy or surgery, breast tissue adjacent to implants and dense
breast tissue in the young population. In this situation the first method to
investigate the breast is ultrasonography. This method is very successful for
lesion identification, especially for differentiating cystic and solid masses;
however, the most important limitation is that it cannot identify microcalci-
fication and ductal carcinoma in situ [2—4].

A thermal imaging system, breast radiothermometry mammography
(RTM), which measures and analyzes the breast surface (infrared ther-
mometry) and internal temperature (microwave thermometry), is a sen-
sitive method that aids the diagnosis of breast cancer. The RTM devices
measure electromagnetic waves sent through the breast tissue to identify
the diseased area. The microwave thermometry method is a new tech-
nology developed in recent years. This method can diagnose cancer using
the thermal activity of cancer cells before they have caused any structural
changes in breast tissue. It has the potential to distinguish between fibro-
cystic cell changes and cancer cell changes. Investigation does not involve
radiation, and all areas can be imaged including the area where the breast
meets the arm [5, 6].

There is no definite preventive method for breast cancer yet. The current
aim is early diagnosis. Due to early diagnosis, many of the problems caused
by breast cancer can be solved, reducing the damage to the patient popu-
lation to a minimum and increasing duration and quality of life appreciably.

The aim of this study is to research the contribution of RTM to the charac-
terization of breast masses, the differentiation of malignant-benign masses
and diagnosis of early stage breast cancer.
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Material and methods

This prospective study comprised 182 patients who ap-
plied to the Mammography unit of the Radiology Clinic of
Dokuz Eylul University Medical Faculty Hospital and were
diagnosed with a breast mass and a control group of 55
cases: a total of 237.

According to mammographic and ultrasonography
evaluation 57 cases were pre-diagnosed with Breast Imag-
ing-Reporting and Data System (BI-RADS) IV and BI-RADS
V and were biopsied and histopathologic scans were com-
pleted. Sixty cases were diagnosed as BI-RADS I lesions
and 65 cases were diagnosed as BI-RADS Il and monitored.

Mammographic investigation used the “Hologic-Selen-
ia Digital Mammography System” in the craniocaudal (CC)
and mediolateral-oblique (MLO) positions. Extra positions
for investigation were used for patients requiring them.
Breast ultrasonography investigations used a (Philips
HD11 USG) Doppler ultrasonography (US) device 5-12 MHz
high-resolution linear probe and were completed simul-
taneously to mammography. After patients signed the in-
formed consent form, radiothermometry examination was
completed using a Computer Based Radiometer for Mea-
suring Integral Internal Temperature (RTM-O1-RES) de-
vice. Investigations were completed by an operator blind
to the results of the mammography. Before examination,
room temperature was fixed at 23-25°C. Patients removed
clothing above the waist and lay supine with hands under
the head for 10 minutes to adjust to the room tempera-
ture. Each breast was measured in 9 different regions and
in the axilla region. As recommended in the literature [7],
to attain body temperature the probe was first placed on
the epigastrium. The probe axis was held perpendicular to
the skin surface and the full surface was touched to the
skin. It was held without pressure for 15 seconds. The start
of the probe sensing temperature was shown by a line
forming on the screen. Once the warning signal was heard
the probe was placed on the other breast. Both breasts
were measured at 15-second intervals. Of the total of 237
patients who underwent RTM examination a temperature
increase was noted in 128 (55%) (Fig. 1).

Measured RTM results were shown on the monitor in
diagram form. To image the areas of internal heat, the
names of measured points were shown on the horizontal
axis with the corresponding internal temperatures shown
on the vertical axis.

Data were displayed on the monitor with different col-
ors. The cool areas of the breast were shown with cold col-
ors (e.g., blue) and warm areas were shown with warmer
colors (e.g., red and orange). Heat abnormalities in the
microwave region, especially, denote regions of cancer. Af-
ter processing the images of the data were sent to a color
printer.

In the study, accepting histopathologic diagnosis as the
gold standard, the validity (sensitivity, specificity, positive
predictive value, negative predictive value) and consisten-
cy k values for mammography, US and RTM methods were
measured.

We compared RTM results with X-ray mammogra-
phy and the diagnostic value of RTM was statistically re-

searched. Under this heading the sensitivity, specificity,
positive-negative predictive value and consistency of RTM
and US were evaluated compared to mammography.
Again we compared RTM results with X-ray mammog-
raphy, the diagnostic value of RTM for size of mass and
presence of microcalcification compared to mammogra-
phy was researched, and the success of RTM in identifying
lesions in different breast densities was evaluated.

Statistical analysis

The statistical analysis descriptively presents the num-
ber and percentage distributions, mean + standard devi-
ation, median, minimum and maximum values. Validity
analysis was examined as sensitivity, specificity, positive
predictive value and negative predictive value compared
to the gold standard of the scanning tests. Consistency in
measurements was examined using the k value.

Results

The average age of patients was 48.5 +10.3 and medi-
an age was 48 (28-81). Evaluating the breast parenchyma
structure of patients with mammography 22% (52/237)
were BI-RADS |,49% (116/237) were BI-RADS I, 14% (34/237)
were BI-RADS Ill and 15% (35/237) were BI-RADS IV.

Of patients with biopsy taken 33 (57.9%) were malig-
nant and 24 (42.1%) were benign histopathologically. Mam-
mography and US examination diagnosed 16 cases as BI-
RADS IV A, 21 as BI-RADS IV B, 4 as BI-RADS IV C and 16 as
BI-RADS V.

When histopathology is accepted as the gold standard
among diagnostic methods, the sensitivity, specificity, and
positive-negative predictive value for RTM were 90.9%,
20.8%, 61.2% and 62.5%, respectively. Consistency was
very low at 0.129. The same values for mammography were
93.9%, 43.3%, 57.4% and 33.3%, respectively. Consistency
was evaluated as good at 0.622. Ultrasound examination
values were 84.8%, 56.7%, 58.3% and 44.4%, respectively.
Consistency was good at 0.717. For mammography and US
in situations where a malignant mass was observed sen-
sitivity, specificity, positive and negative predictive values
were 96.7%, 60.8%, 47.7% and 65.8%, respectively, with
consistency very good at 0.915 (Table 1).

Accepting pathology as the gold standard an ROC curve
was drawn for RTM and mammography methods. For RTM
the area under the curve was 53.3% while mammography
had 86.1% area under the curve. In other words, while
a patient with breast cancer has an 86.1% possibility of
having a suspicious positive on mammography, with RTM
this rate is 53.3% (Fig. 2).

When we compared RTM results with X-ray mammog-
raphy results, sensitivity, specificity, and positive-negative
predictive values for RTM examination are 87%, 81.4%,
58% and 95.5%. Consistency is good at 0.582. For US ex-
amination the same values are 85.2%, 98.9%, 95.8% and
95.8%, respectively. Consistency is very high at 0.875 (Ta-
ble 2).

When we compared RTM results with X-ray mammog-
raphy results for microcalcification diagnosis, the sensitiv-
ity, specificity, and positive-negative predictive values for
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RTM report: Increase of the temperature in the tissue and skin on the central part of the left breast. The temperature was measured as

34.5°C (red arrow).

Mammography and USG: In the left breast upper outer region, slightly irregular contours, approximate dimensions of 18 x 14 mm hy-

poechoic mass, in view of BI-RADS 4C lesion

Histopathological diagnosis: Invasive ductal carcinoma and invasive cribriform carcinoma in left breast

Fig. 1. A case: RTM positive 56-year-old patient

RTM were 86.7%, 80%, 92.9% and 66.7%. Consistency was
at a good level of 0.625. The same values for RTM exam-
ination in the absence of microcalcification were recorded
as 87.2%, 18.5%, 50.7% and 49.3%, respectively. Consisten-

cy was good at 0.536. That is, in patients with microcal-
cification the specificity, positive and negative predictive
values for the RTM method were higher than for patients
without microcalcification. Consistency in both cases was
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Table 1. Diagnostic value of imaging methods according to histopathology results (n = 57)

Diagnostic method Sensitivity (%) Specificity (%)
RTM 90.9 20.8
Mammography 93.9 433
us 84.8 56.7
Mammography ve US 96.7 60.8

1.0 H
0.8
2 0.6
2
E
=
&
0.4
0.2
0
0 0.2 0.4 0.6 0.8 1.0
1-specificity
Test Result Variable(s) Area
Mammography 86.1
RTM 533
Source of the curve
-------- Mammography — RTM

Fig. 2. ROC curves for RTM and mammography accepting pathology
as the gold standard

at moderate levels, though higher for patients with micro-
calcification than for those without (Table 3).

The sensitivity, specificity, and positive-negative pre-
dictive values of RTM for determining lesions in different
breast structure are as follows: BI-RADS | breast structure
sensitivity 75%, specificity 77.8%, positive predictive val-
ue 60%, negative predictive value 87.5% and consistency
good at 0.494. BI-RADS Il breast structure sensitivity was
93.1%, specificity was 86.2%, positive predictive value was
69.2%, negative predictive value was 97.4% and consisten-
cy was at a good level of 0.711. BI-RADS Il breast structure

Positive predictive Negative predictive K value
value (%) value (%)
61.2 62.5 0.129
57.4 333 0.622
58.3 44.4 0.717
47.7 65.8 0.915

sensitivity was 100%, specificity 100%, positive predictive
value 25%, negative predictive value 94.1% and consisten-
cy low at 0.338. BI-RADS IV breast structure sensitivity was
85.7%, specificity 71.4%, positive predictive value 42.9%,
negative predictive value 42.9% and consistency low at
0.416 (Table 4).

The consistency of RTM for lesion diagnosis in BI-RADS
Il breast structure is higher than the consistency of mam-
mography. Mammography of dense breast tissue such as
BI-RADS Il and BI-RADS IV is at moderate to low levels.

The sensitivity, specificity, and positive-negative predic-
tive values for US examination of different breast struc-
tures are as follows: BI-RADS I sensitivity 87.5%, specificity
100%, positive predictive value 100%, negative predictive
value 94.7%. Consistency was very high at 0.906. BI-RADS
II: sensitivity 89.7%, specificity 97.7%, positive predictive
value 92.9%, negative predictive value 96.6% and con-
sistency very good at 0.884. BI-RADS lll: sensitivity 50%,
specificity 100%, positive predictive value 100%, negative
predictive value 97% and consistency good at 0.653. BI-
RADS IV: sensitivity 71.4%, specificity 100%, positive pre-
dictive value 100%, negative predictive value 93.3% and
consistency very good at 0.800 (Table 5).

Discussion

This study is the first study in the literature that eval-
uates RTM in relation to mass size. In our study we ex-
amined the sensitivity, specificity and positive-negative
values for RTM according to mass size. The specificity
and positive predictive value of RTM for masses 2 cm and
above were higher than for those below 2 cm. For masses
below 2 cm in size the negative predictive value of RTM
was higher when compared with mammography.

The aim of breast imaging methods is to identify breast
cancer in the early stages and to distinguish from different
types of breast disease. In choosing a scanning method
the most frequently used methods chosen by both clini-
cians and radiologists are mammography, ultrasonogra-
phy and magnetic resonance imaging [2, 3, 8].

The thermal imaging system breast radiothermometry
examination (RTM) measures and analyses the tempera-

Table 2. Sensitivity, specificity, and positive-negative predictive values of diagnostic methods according to mammography results (n = 237)

Diagnostic method Sensitivity (%) Specificity (%)
RTM 87.0 81.4
us 85.2 98.9

Positive predictive Negative predictive k value
value (%) value (%)

58.0 95.5 0.582

95.8 95.8 0.875
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Table 3. Sensitivity, specificity, and positive-negative predictive values of RTM according to mass size accepting mammography as gold

standard
Diagnostic method Sensitivity Specificity (%) Positive Negative K value
(%) predictive value predictive value
(%) (%)
RTM 88.9 83.3 88.9 83.3 0.722
(mass size >2 cm)*
(n=45)
RTM 89.5 76.9 41.5 97.6 0.451
(mass size < 2 cm)
(n=123)
RTM (microcalcification — yes) 86.7 80 92.9 66.7 0.625
(n=20)
RTM (microcalcification — no) 87.2 18.5 50.7 493 0.536
(n=217)

*In cases with more than one mass, the size of the largest mass was noted

Table 4. Sensitivity, specificity, and positive-negative predictive values of RTM for identifying lesions in different breast structures (n = 237)

Diagnostic method Sensitivity (%) Specificity (%) Positive predictive ~ Negative predictive k value
RTM value (%) value (%)

BI-RADS | (n = 52) 75 77.8 60 87.5 0.494

BI-RADS Il (n = 116) 93.1 86.2 69.2 97.4 0.711

BI-RADS III (n = 34) 100 100 25 94.1 0.338

BI-RADS IV (n = 35) 85.7 714 42.9 95.2 0.416

Table 5. Sensitivity, specificity, and positive-negative predictive values of US examination to identify lesions in different breast structures

(n=237)
Diagnostic method Sensitivity (%) Specificity (%) Positive predictive ~ Negative predictive k value
us value (%) value (%)
BI-RADS | 87.5 100 100 94.7 0.906
BI-RADS Il 89.7 97.7 92.9 96.6 0.884
BI-RADS I 50.0 100 100 97.0 0.653
BI-RADS IV 714 100 100 933 0.800

ture of the breast surface (infrared thermometry) and the
internal tissue (microwave thermometry) and is a method
to aid in the diagnosis of breast cancer. The RTM device
measures electromagnetic waves transmitted through
breast tissue to identify the diseased area. Microwave
thermometry is a technology developed in recent years
which aims to diagnose cancer using thermal activity of
cancer cells in breast tissue, before structural changes oc-
cur. It is reported that this method has the potential to dif-
ferentiate between fibrocystic cell changes and cancer cell
changes. Examination does not involve radiation. All areas,
including the axilla, can be imaged [3-10].

Microwave radiometry was used as a heat method for
breast examination for the first time by Barett et al. In
a study of 5000 patients the method was to expose tissue
to heat at microwave frequencies. Sensitivity and specific-
ity were 70%. While microwave thermography affects all
breast tissue, infrared thermometry only affects the epi-
dermis, making microwave thermography more produc-

tive. Combined use of RTM and infrared thermometry has
a sensitivity of 90% while specificity is 50% [5, 9, 10].

While it may not be used widely in medical applications,
the first study to use microwave radiometry as a diagnostic
method for breast cancer was published in 1977 [11]. Many
years later, developed from trustworthy and simple stud-
ies, a computer-based, always ready microwave radiome-
try device that does not require calibration was developed
(RTM-01-RES) [11-13]. This device was the RTM device used
in our study. It records the temperature increase caused
by masses 3-5 cm deep in the breast tissue. In malignant
masses a fast temperature increase is directly correlated
with the speed of growth of the mass. On thermograms of
breast cancer this is identified as hyperthermic areas, due
to their high metabolic process and good vascularization.
This method, in a study of 1000 patients, had sensitivity of
85-94% and specificity of 75-80%. Both methods, mam-
mography and RTM, when used together can reduce false
negative results by 1-3% [14-16].
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The radiothermometry examination can be used not
only for breast cancer, but also for diagnosis of urinary [17],
anterior eye [18], and thyroid [19] diseases, and rheuma-
toid arthritis [20].

Burdina et al. [21] in a study of 1000 patients found that
RTM results correlated with pathology; the sensitivity of
this method was 85-94%, specificity was 75-80% and
the RTM results overlapped with those of mammography.
Avramenko et al. [15] studied non-palpable masses in 200
female patients using RTM scanning together with US and
mammography. They concluded that the sensitivity of the
three methods was 86.7%, 75.8% and 88.3% with specific-
ity of 75.2%, 80.0% and 83%.

In this study, as in other studies, suspicious cases not
only on RTM, but also on mammography and US, were sent
for histopathologic diagnosis. As a result, positive results
were expected to be higher. In other words, sensitivity and
positive predictive values in this study were higher than
specificity and negative predictive values. Similar results
are seen in Table 5 where the specificity and negative pre-
dictive values between mammography and histopatholo-
gy are lower than sensitivity and positive predictive values.
This situation results from a higher proportion of malig-
nant cases being directed for histopathologic diagnosis.

When we compared RTM results with X-ray mammog-
raphy results, the validity results for RTM (sensitivity, spec-
ificity, positive and negative predictive values) are 87.0%,
81.4%, 58% and 95.5% respectively, with the consistency
value at a good level of k = 0.582. This result indicates that
there is a high level of compliance between both diagnos-
tic methods.

In other studies the high specificity value may be due
to histopathologic diagnosis for suspicious cases based
on clinical results and/or on RTM. In our study the crite-
rion for the invasive method of biopsy was suspicion on
mammography and US. As a result the moderate values
for specificity and negative predictive values compared to
other studies are natural [13-16, 21].

There are no studies in the literature that evaluate RTM
in relation to mass size. In our study we examined the sen-
sitivity, specificity and positive-negative values for RTM
according to mass size. RTM examination had sensitivity,
specificity and positive-negative values for masses 2 cm
and above of 88.9%, 83.3%, 88.9% and 83.3%. For mass-
es below 2 cm in size the sensitivity, specificity and pos-
itive-negative values for RTM were 89.5%, 76.9%, 41.5%
and 97.6%. In conclusion, the specificity and positive
predictive value of RTM for masses 2 cm and above were
higher than for those below 2 cm. For masses below 2 cm
in size the negative predictive value of RTM was higher.
Sensitivity in both cases was similar. There is no study in
the literature evaluating according to mass size.

Sensitivity, specificity and positive-negative values of
RTM examination in the presence of microcalcification
were 86.7%, 80.0%, 92.9% and 66.7%, respectively. In the
absence of microcalcification the sensitivity, specificity
and positive-negative values were 87.2%, 18.5%, 50.7%
and 49.3%, respectively. The conclusion is that in cases
with microcalcification the specificity, positive and nega-
tive predictive values were higher than in cases without

microcalcification. The reason for this may be the possi-
bility that the lesion is large or that it may be late stage.
However, there is no study in the literature that evaluates
based on the presence of microcalcification.

Additionally, the sensitivity, specificity and positive-neg-
ative values of RTM in different breast structures were
researched. The results for BI-RADS | breast density were
sensitivity 75%, specificity 77.8%, positive predictive val-
ue 60% and negative predictive value 87.5%. For BI-RADS
Il breast density sensitivity was 93.1%, specificity 86.2%,
positive predictive value 69.2% and negative predictive
value 97.4%. BI-RADS IlI sensitivity was 100%, specificity
was 100%, positive predictive value was 25% and negative
predictive value was 94.1%. For BI-RADS IV breast density
sensitivity was 85.7%, specificity 71.4%, positive predictive
value 42.9% and negative predictive value 42.9%. The con-
sistency of RTM for lesion diagnosis in BI-RADS Il breast
density was higher than for mammography. On mammog-
raphy for dense breast tissue types such as BI-RADS Il and
BI-RADS IV values were moderate and low. The sensitivity,
specificity, and positive-negative predictive values of US
for lesion detection in different breast densities were high-
er than for RTM. There is no study in the literature with
information on this topic.

Our study comprised 237 patients. Of these, only 57
were sent for histopathologic diagnosis of masses found
on mammography and US. The low case number and low
number of patients with histopathologic diagnosis by bi-
opsy are important limitations. However, the research into
sensitivity for lesion recognition based on breast density,
presence of microcalcification and mass size is an advan-
tage not found in the literature.

In conclusion, identification of lesions in the breast
and presence of microcalcification by RTM shows that it is
more trustworthy compared to mammography. Accepting
mammography as the gold standard, the validity results
for RTM show a good level of conformity between the two
methods. When evaluated based on the area below the
ROC cure and compared to mammography, RTM is suf-
ficiently successful at evaluating positive and negative
cases. These results show that RTM is not appropriate as
a single scanning method. If this method is used, it is more
appropriate to use it with basic scanning methods such as
mammography and US. As the experience in this area is
limited, we believe that studies with higher case numbers
will further determine the diagnostic contribution of RTM.

The authors declare no conflict of interests.
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