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Aims and background: There is a need for a cost-effective
method to safely reduce the number of diagnostic procedures
women undergo for breast cancer. We tested a new procedure
for breast cancer diagnosis based on breast tissue response
to low level electromagnetic incident waves.
Methods: We tested 101 patients with suspicious palpable
breast lesions detected by mammography or ultrasonography,
who were scheduled to undergo an open biopsy. Using an
electromagnetic field generator (tissue resonance interaction
method probe [TRIMprobTM]), we passed the TRIMprobTM over
the breast area and recorded the signal variation of one or
more spectral lines (dB1, dB2, dB3). The results were compared with those of a control group as well as with pathology
data obtained from excisional biopsy.
Results: No adverse effects of the test were observed. Patholo-

gy revealed 86 malignant breast cancers (72 invasive, 14 in
situ) and 15 benign conditions. We achieved the best discrimination between normal breasts and lesions using dB1 (dB1
AUC-ROC = 0.8; dB2 AUC-ROC = 0.61; dB3 AUC-ROC = 0.76).
With a specificity of 75% to 95%, the sensitivity ranged from
49% to 84%. Tumor or patient variables did not influence the
results.
Conclusions: The TRIMprobTM test was able to provide some degree of discrimination between normal breast tissue and lesions but not between benign and malignant lesions. The lack
of influence of patient age and tumor size on test results
might be advantageous in terms of early diagnosis in young
women. These preliminary results need to be verified and extended in a preclinical-stage disease setting before clinical
applicability can be envisaged.
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Introduction

Nowadays, breast cancer screenings detect abnormalities in breast parenchyma with increased frequency1.
Diagnostic tests include mammography, ultrasound,
scintimammography, magnetic resonance imaging
(MRI), and fine-needle aspiration. However, these tests
have varying levels of unreliability and some of them
are expensive.
Mammography is the best imaging modality for the
detection of breast abnormalities due to its high sensitivity; it may also contribute to a reduction in advanced
breast cancer cases 2,3. However, its sensitivity and
specificity may be reduced in young subjects because of
the presence of dense parenchyma4. Mammography also
employs radiation, which makes frequent repetition of
the procedure difficult in cases of doubtful findings.
Ultrasound is a safe test, but its accuracy in breast
cancer screening still must be proven5. Scintimammography is limited by its low sensitivity and positive predictive value in nonpalpable lesions6,7. Compared with

these tests, MRI is a highly sensitive procedure, but it
has a considerable false positive rate4,8. Because of their
high cost and low availability, scintimammography and
MRI are not primary tools for investigation and are
used after the first examination.
It has been proposed that cancer exposed to a low
level of electromagnetic incident waves9-11 may behave
differently than healthy tissue; the specific resonances
of involved charges (macromolecular dipoles, ionic currents) in pathological states can be used to investigate
the tissue’s biophysical properties by means of a weak
electromagnetic interaction 12,13. Encouraging results
have been recently obtained in the diagnosis of prostate
cancer using a device based on electromagnetic emission (TRIMprobTM)14. This prospective study was designed to evaluate the capability of TRIMprobTM to correctly reveal the presence of cancer in subjects with palpable breast lesions. We tested this new diagnostic
method by analyzing the response of breast parenchyma
when it is exposed to low levels of electromagnetic radiation.
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Materials and methods

Patients
From January to December 2002 we studied at the
European Institute of Oncology a group of 101 consecutive women with suspicious palpable lesions of the
breast detected by mammography or ultrasonography
who were scheduled to undergo an open biopsy; in the
assessment we used an electromagnetic field generator
(tissue resonance interaction method probe, TRIMprobTM).
A control group of 71 women without breast abnormalities also underwent clinical examination, mammography, and/or ultrasound. Subjects were chosen at random among institute personnel and patients’ companions. Written informed consent was obtained from all
subjects.
Women were excluded from the study who were less
than 18 years old or had experienced psychiatric illness,
pregnancy, lactation, breast surgery, core biopsy,
chemotherapy, and radiotherapy. To rule out possible interferences between the electromagnetic field and altered tissues like scar or inflammatory infiltration, subjects with previous operations or active phlogistic
processes were excluded from the study.
The study protocol was approved by the Ethics Committee of the European Institute of Oncology.
Description of test procedure
A tissue resonance interaction method probe (TRIMprobTM, Galileo Avionica, Turin, Italy), an electromagnetic generator, was used to produce an extremely lowenergy, multiple-frequency electromagnetic field to radiate the breast area11,12. A sudden signal variation in the
negative direction, corresponding to a sudden attenuation of one or more spectral lines, constitutes the basis
for diagnosing radiated abnormal tissues and structures.
The physical characteristics of the method are described
in the Appendix. Both breasts were examined by a
skilled operator, who was unaware of the subject’s clinical and instrumental diagnosis.
The test was performed while the patient stood about
2 meters from the receiver. The operator was on the opposite side of the examined breast. No metallic objects
were allowed on the patient and no electronic devices
were admitted in the test area. The detector was kept at
close contact to the breast surface covered by a thin
vestment and was moved through the two orthogonal
planes; in this way a scan of the whole breast volume
was obtained.
Scanning was performed looking for any modifications of the emitted signals in terms of amplitude
changes in one or more lines of the established frequencies (see Appendix). The signal variations were recorded and stored in a PC file as a value of spectral lines expressed in decibels (dB). Three numerical values were
obtained for each breast (dB1, dB2, dB3). Patients underwent surgery the day after their examination. The lesion of the affected breast was excised under general
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anesthesia. The test results were compared with the histological findings.
Pathology
Intraoperative frozen section examination was usually performed only in solid, nonpalpable lesions larger
than 1 cm; in all other cases, permanent hematoxylin
and eosin sections were prepared. If an invasive carcinoma was diagnosed, the resection was enlarged to
quadrantectomy. Histological classification was according to the Rosen and Oberman modification of the
World Health Organization classification15.
Statistical analysis
Simple descriptive statistics (mean, median, minimum, maximum, standard deviation) were computed
for dB1-dB3 variables separately for patients with invasive cancer, benign conditions, and healthy controls.
To evaluate the diagnostic performance of dB1-dB3
variables, receiver operating characteristic (ROC) curves
were developed non-parametrically for each variable, and
areas under the curves (AUC-ROC) were obtained together with the corresponding standard errors (SE)16.
AUC-ROC may vary from 0.5 (a value denoting the lack
of diagnostic discrimination) to 1 (denoting perfect discrimination). P values were obtained from simple and
multiple discriminant logistic models testing whether the
estimated AUC-ROCs differed significantly from 0.5.
Measurements of dB1-dB3 taken from cancer patients were compared across strata defined by age and
the most important tumor characteristics: for this comparison the Wilcoxon rank-sum or the Kruskal-Wallis
test was used, as appropriate. In all the analyses, twosided P values were considered to be significant if they
were below the conventional 5% threshold.
Results

From January to December 2002, 86 women with
breast cancer (either in situ or invasive), 15 women
with benign conditions, and 71 normal-breast control
subjects were investigated. In all women only one
breast was considered, namely the breast with the malignant or benign lesion in the patient group, and one
randomly chosen breast in the normal-breast controls.
No adverse effects of the test were observed. The
procedure was always performed easily, in a short time
(around 5-10 minutes), and was well accepted by all
women.
Median age was 52 years (range, 32-74 years) in
breast cancer patients, 47 years (range, 28-71 years) in
women with benign conditions, and 37 years (range,
18-74 years) in control subjects. A balanced distribution
of the side of the investigated breast was observed in all
three sets of women.
All breast lesions were palpable and all patients underwent excisional biopsy or conservative surgery. Of
the 86 breast cancers, 14 were in situ lesions and the re-
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maining 72 were invasive cancers. Table 1 shows the
distribution of the main tumor characteristics.
Descriptive statistics for dB1-dB3 variables are
shown in Table 2. Compared to normal breasts, cancer
lesions showed on average lower dB1 and dB3 values,
and slightly higher dB2 levels. None of the three signals
showed a meaningful difference between malignant and
benign lesions.
The results of the AUC-ROC analysis are shown in
Table 3. In terms of statistical significance, all dB1-dB3
variables were able to provide some degree of discrimination between normal breasts and cancer lesions, but
not between benign and malignant lesions. Judging by
the AUC-ROC figures, the best discrimination between

Table 1 - Main tumor characteristics
Patients (n = 72)

Axillary node status
Negative
Positive
NA
Histological grade
1
2
3
NA
PVI
Negative
Positive
NA
Estrogen receptor status
Negative
Positive
NA
Progesterone receptor status
Negative
Positive
NA

23
32
16
1

32.4
45.1
22.5
—

53
6
7
6

73.6
8.3
9.7
8.3

38
26
8

59.4
40.6
—

12
33
25
2

17.1
47.1
35.7
—

49
20
3

71.0
29.0
—

10
59
3

14.5
85.5
—

26
43
3

37.7
62.3
—

Comparison group

dB1

dB2

dB3

Controls

0.83
(<0.0001)
0.58
(0.4948)

0.61
(0.0039)
0.52
(0.8362)

0.76
(<0.0001)
0.50
(0.8455)

Benign lesions

normal breasts and cancer lesions was achieved using
dB1 (0.83; see Figure 1), followed by dB3 (0.76) and
dB2 (0.61). When the information of dB1 and dB3 was
combined, discrimination increased to 0.88 (P <0.0001
for the difference with the discrimination achieved using only dB1). AUC-ROC estimates for the comparison
between benign and malignant lesions were close to
0.5, a figure denoting poor discrimination, which is in
accordance with the previously mentioned lack of statistical significance.
Sensitivity and specificity were computed considering
different thresholds for the classification of dB1 as negative (above the threshold) or positive (below the threshold). The results, summarized in Table 4, showed that by
keeping the specificity within an interval ranging from
75% to 95%, the sensitivity ranged from 84% to 49%.
Finally, descriptive statistics were computed for signal levels according to a number of invasive tumor
characteristics for which we had information, and the
medians were compared statistically across strata. The
results achieved, shown for dB1 in Table 5, denoted a
lack of significant and clinically meaningful associa-

1.0

0.8

0.6
Sensitivity

Tumor size (cm)
≤1
1.1-2.0
>2.0
NA
Histology
Infiltrating ductal carcinoma
Infiltrating lobular carcinoma
Infiltrating cribriform carcinoma
Others

%

Table 3 - Areas under the ROC curve (with corresponding P
values) quantifying the discrimination between malignant tumors and controls or benign lesions using dB1-dB3 variables

PVI, peritumoral vascular invasion; NA, not available.

0.4
AUC-ROC = 0.83

Table 2 - Descriptive statistics for dB1-dB3 variables
Group

N

Variable

Median

Minimum Maximum

Controls

71

dB1
dB2
dB3

27
17
14

1
-6
-1

33
31
19

Benign lesions

15

dB1
dB2
dB3

11
20
11

0
4
0

34
31
14

Malignant tumors

86

dB1
dB2
dB3

14
18
9

0
3
0

34
32
22

0.2

0.0
0.0

0.2

0.4
0.6
Specificity

0.8

1.0

Figure 1 - Receiver operating characteristic (ROC) curve, and corresponding area under the ROC curve (AUC-ROC).
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Table 4 - Sensitivity and specificity considering different
thresholds for the classification of dB1 as negative (above the
threshold) or positive (below the threshold)
Specificity (%)

Threshold

Sensitivity (%)

<24
<17
<14

84
63
49

P 75
P 90
P 95

Table 5 - dB1 levels (median, minimum and maximum) according to invasive tumor characteristics and P values for testing
the overall association between dB1 levels and each of the
characteristics considered

Tumor size (cm)
≤1
1.1-2.0
>2.0
Axillary node status
Negative
Positive
Histological grade
1
2
3
PVI
Negative
Positive
Estrogen receptor status
Negative
Positive
Progesterone receptor status
Negative
Positive

Median

Minimum

Maximum

12
16
12

0
2
0

29
32
34

12
15

0
4

31
34

11
14
15

0
0
4

26
32
34

12
14

0
0

34
32

11
14

5
0

23
34

15
13

5
0

32
34

P
0.0627

0.0977
0.6357

0.9419
0.3567
0.8579

PVI, peritumoral vascular invasion.

tions with any of the investigated characteristics. In other words, dB1 (and the other variables) did not seem to
be affected by tumor characteristics, which therefore
cannot influence the diagnostic performance. Similar
results (not shown in detail) were obtained considering
patient age (P = 0.1790), the side of the lesion
(P = 0.4701), or the in situ versus invasive nature of the
tumor (P = 0.1876). As regards the latter characteristic,
however, there was a trend toward higher median dB1
measurements in in situ lesions (16.2) than in invasive
cancers (12.5).
Discussion

The objective of this study was to evaluate the ability
of a new method based on electromagnetic emission in
revealing breast parenchymal alterations in subjects
scheduled for surgical intervention because of a suspicious lesion.
Our findings show that TRIMprobTM is an easy and
fast procedure with an excellent degree of acceptance
by the patient, which is able to discriminate between
subjects with normal breast tissue and patients affected
by pathological conditions. The best results were
achieved in particular with dB1, one of the three signal

measures obtained with TRIMprobTM, or with dB1 and
dB3 measures combined. However, in view of the slight
gain achieved with the combination and for the sake of
simplicity, we focus our attention on the dB1 variable.
Another positive indication of this study is that in
subjects with cancer, signal measures were not affected
by patient and tumor characteristics such as age,
menopausal status, in situ or invasive nature of the lesion, side and size of the tumor, histological grading,
axillary involvement, presence of perivascular invasion,
estrogen and progesterone receptor status. The influence of histological type could not be investigated because of the high prevalence of invasive ductal carcinoma in this series.
In particular, the lack of influence of patient age and
tumor size on the test results might be advantageous in
terms of early diagnosis when young women with dense
or predominantly glandular breast parenchyma are evaluated. It is well known that in these circumstances
mammography has poor sensitivity. Moreover, the possibility to diagnose an intraductal carcinoma with the
same accuracy as for infiltrating tumors might represent
an advantage in terms of clinically occult carcinoma detection. Of course, all the above considerations need to
be verified in further studies.
This pilot investigation also provided some indications on suboptimal TRIMprobTM performance. First of
all, the discriminant power of the technique, as quantified by the area under the ROC curve (0.83 for dB1),
was such as to imply that some trade-off comes into
play between test sensitivity and specificity, as shown
by Table 4. In our opinion, considering that sensitive
methods are already applied for breast cancer screening
and in order to avoid underdiagnosis, the threshold for
test positivity should be kept relatively high in order to
achieve high sensitivity. This would be at the cost of
low specificity and, consequently, a high number of
false positives. Even in this case, however, the number
of more costly investigations necessary to exclude or
confirm the presence of disease would be diminished.
Second, the procedure did not appear to distinguish benign from malignant disease of the breast. However, the
low prevalence of benign lesions in this series may have
affected the results. Actually, benign lesions were present in only 15 cases, which did not allow a detailed
analysis of the results on the basis of lesion severity indicators like presence of proliferation, atypia, or hyperplasia.
Some important issues that were not investigated in
this study deal with the reproducibility of TRIMprobTM,
i.e. the assessment of intra-observer and interobserver
variability of test results, and, more importantly, the
performance of this technique in the presence of nonpalpable malignant lesions. Finally, no comparison between our findings and literature data on TRIMprobTM
is possible, since this study is the first of its kind.
In conclusion, this study indicates that the interaction
between breast matter and the electromagnetic field
might be investigated for diagnostic purposes in oncolo-
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gy. The TRIMprobTM test appears to be safe and noninvasive. The required intensity of the electromagnetic
waves is very low (the power is similar to a cordless
phone), thus allowing repeated examinations.
The results on the diagnostic performance of the

technique in detecting breast cancer are promising.
However, as previously outlined, such results must be
considered preliminary and need to be verified and extended in a preclinical-stage disease setting, before clinical applicability can be envisaged.
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Appendix

The TRIMprobTM system consists of a battery-operated detection probe, a receiver, and a computer display.
The detection probe contains a nonlinear oscillator that
generates a complex electromagnetic wave of low intensity with several frequency components and with a
high degree of spatial and temporal coherence (patented
by Clarbruno Vedruccio: No. WO 01/07909A1). The
beam from the probe is narrow, measuring no more than
0.5 cm across.
The electromagnetic field drives oscillations inside
the tissue; when the internal oscillations are in a resonant state, an energy transfer can be detected in the wave
emitted by the generator, and the resonance interaction
phenomena can be detected on a spectrum analyzer situated about 2 meters away from the probe. The spectrum
shows the different frequency emission levels. When the
probe is brought close to biological disease, strong power amplitude changes (more than -20 dB) can be identified in one or several lines of different frequencies1,2.
A sudden signal variation in the negative direction,
corresponding to a sudden attenuation of one or more

spectral lines, constitutes the basis for diagnosing radiated abnormal tissues and structures.
The main requirement to allow exploration of breast
tissue is the use of a specific electromagnetic field that
is able to penetrate into the area to be tested. By expressing the tissue characteristics in terms of macroscopic permittivity, conductivity and losses due to the
particular structures present in the area, we can obtain
the penetration depth, which allows complete investigation of the whole breast volume.
To calculate how much the incident wave penetrates into the body, we have expressed the complex wave number
k in a real part, kr, and in an imaginary part, ki, such that3:
(1)

k = kr - jki

and the penetration depth, which is the body thickness
able to reduce the intensity of incident field of a 1/e factor, as the reciprocal of ki:
(2)

δ = (ki)-1
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By indicating the permittivity with ε and the permeability with µ, the real and the imaginary part of k can be
calculated:

ω εµ
kr = –– –––r
c
2

0 r

ω εµ
kr = –– –––r
c
2

σ
1 + ––––
ωε0εr

1

/2

1

1

/2

1

σ
+1 ^
ßgg ] Y1 + É ωε––––
ε h Z

(3)

2

ßgg ] Y É

(4)

2

h Z -1 ^

/2

/2

where σ represents the conductivity of the tissues examined.
Since the considered biological system is much
smaller than the wavelength of microwave radiation,
which by definition is greater than 1 mm, any absorption of energy by the system must take place through
the interaction of the field with dipole moment charge
distribution of the system4.
The frequencies emitted by the device had been previously optimized in studies of prostate cancer5, stomach, duodenum and bladder cancer, where values of
460, 920, and 1380 MHz were obtained because they
appeared to respond in the appropriate way to the resonances of the system6-8.
The following table shows the experimental values of
permittivity and conductivity measured at the frequencies of the TRIMprobTM device.
Table 1 - Experimental values of permittivity and conductivity
measured at the frequencies of the TRIMprobTM device
Frequency
(MHz)

Wavelength
(m)

Conductivity
(S/m)

Relative
permittivity

460
920
1380

0.28
0.14
0.09

0.036
0.050
0.070

5.5
5.4
5.4

By inserting these data into equations (4) and (2) we
obtained the computed penetration depth shown in the
second column of the table below.

Table 2 - Penetration depth values concerning the frequencies
of the TRIMprobTM device
Frequency (MHz)

Penetration depth (m)

460
920
1380

0.35
0.24
0.18

During the diagnostic test the incident beam was oriented toward the breast area. When the incident beam, during its propagation within the body, encounters a diseased state, the electromagnetic field interacts with the
tissue components at the molecular level and, by means
of a resonant mechanism1,2,9, the response is detected by
the receiver of TRIMprobTM and data are registered as
the number of decibels.
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