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Prospective Evaluation of Skin Surface Electropotentials in Japanese Patients

with Suspicious Breast Lesions
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The biofield breast examination (BBE) is a new, noninvasive and cost-effective method for diagnosing
breast lesions currently undergoing multicenter evaluation in the USA and Europe. The test analyzes
subtle differences in electrical potential caused by dysregulated epithelial proliferation, This report
summarizes a prospective evaluation of BBE in a population of 101 patients with suspicious breast
lesions scheduled either for open surgical biopsy or fine needle aspiration biopsy. Of the 101 patients
included in the study, 49 were found to have a breast malignaney and 52 were found to have a benign
breast lesion. BBE correctly identified 44 of 49 biopsy-proven cancers (sensitivity =90%) and
correctly indicated no cancer in 31 of 52 biopsy-proven benign cases (specificity =609%). Sensitivity
increased to 95% for cancers less than 2,5 ¢m in size. These results indicate that BBE may be an

effective adjunctive test to help to resclve abnormalities discovered by physical examination or other

screening methods,
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Detection and diagnosis of breast cancer has typically
relied on a combination of physical examination, mam-

mography, ultrasound, and tissue sampling techniques’

such as fine needle aspiration (FNA). In certain clinical
situations, these techniques have been supplemented by
other methods such as gadolinium-enhanced magnetic
resonance imaging (MRI) or computed tomography
(CT). Physical examination is one important way in
which breast cancer is initially detected. It relies on the
subjective interpretation of palpable density differences
between breast malignancy and the surrounding paren-
chyma and its effectiveness is known to diminish as lesion
stze decreases.” Mammographic screening is capable of
detecting smaller lesions, but its relatively low specificity
can result in many unnecessary additional imaging
studies and biopsies.” Moreover, both physical examina-
tion and mammography appear to be less accurate in
younger women. Sensitivity of ultrasound in early palpa-
ble breast cancer was reported to be higher (77.6%) than
that of physical examination or mammography in Japan.”
However, use of ultrasound for discriminating suspicious
breast lesions has been primarily limited to distinguishing
cystic from solid lesions in the USA. MRI and CT are
still developmental and are unlikely to be a cost-effective
modality in the foreseeable future. Thus, there appears to
be a need for a cost-effective way to improve predictive
accuracy immediately after initial screening. Recent evi-
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dence from clinical trials suggests that the measurement
of breast epithelial electrical potentials using an array of
signal-specific skin surface sensors may be a useful ad-
junctive modality for breast cancer diagnosis.” This new
technology, termed the biofield breast examination
{BBE), is relatively inexpensive and produces an objec-
tive and immediate test result. The technology is based
on the finding that cell membranes of epithelial tissues
are electrically polarized and that the membranes under-
go depolarization when the cell is stimulated to prolifer-
ate.>©

Previous clinical evaluation of this approach has
occurred both in the USA™® and Europe.” In these
studies, it was shown that breast cancer produced signifi-
cantly greater electropotential differentials than benign
and normal tissue.

The purpose of the present study was to evaluate the
effectiveness of BBE in a Japanese population of women
with suspicicus breast lesions.

MATERIALS AND METHODS

The BBE diagnostic system consists of an array of
sixteen sensors (7 per breast and one each on the axillae),
reference sensors on each palm, an electromagnetically
shielded cable, and a device platform, which contains the
necessary components for filiering out high-frequency
(AC) signals, as well as the power supplies and an
integrated microprocessor system which controls signal



acquisition and processing through a multiplexed analog-
to-digital converter/amplifier. During this study, two
types of sensors were used. Each of the 16 sensors is
sampled 150 times over the course of the less than 1 min
measurement period. These 150 individual potentials (in
the millivolts range) are averaged under computer con-
trol to produce a composite electrical potential reading
for each sensor site. Comparisons of averaged voltages
are then used to identify regions of relative depolariza-
tion and hyperpolarization on the breast surface,

All patients were tested in the following manner. The
patient was recumbent with the head elevated at approx-
imately 15 degrees for comfort. Use of the diagnostic
sensor array entailed placement of sensors contingent on
location of the lesion, which was identified as a palpable,
mammographic or sonographic abnormality. One sensor
was placed over the center of the lesion and four addi-
tional sensors were placed over the margins of the lesion
superior to, inferior to, medial to, and lateral to the
sensor placed over the lesion. Two additional sensors
were placed in the center of the two quadrants adjacent
to the symptomatic quadrant and one sensor was placed

Fig. 1. Diagnostic sensor array in the case of a lesion in the
upper outer quadrant of the right breast.
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on the ipsilateral axilla. This pattern of sensor placement
was then replicated in mirror image form on the contra-
lateral breast and axilla. All breast and axillary potentials
were referenced to sensors placed on the thenar eminence
of each palm. Fig. 1 shows the pattern of sensor place-
ment for a patient with a lesion in the upper outer
quadrant of the right breast. The average voltages for
each sensor site are utilized to calculate differences be-
tween groups of sensors within the symptomatic breast
{symptomatic breast differential) and between breasts
{between-breast differential). These calculated differ-
ences are referred to as electropotential differentials. An
artificial neural network (ANN)'® was applied pro-
spectively to the data. This ANN was developed for the
prospective evaluation of BBE in a double-masked Euro-
pean multicenter study and is a probabilistic network
which incorporates 181 neurons in its hidden layer. Once
the BBE was completed, the patient underwent various
diagnostic tests that may have included FNA or open
surgical biopsy (OSB). In this study, only patients whose
final diagnosis was obtained either cytologically (n =24)
or histologically (# =77} were included. The results of
the BBE were compared with that of FNA or histological
diagnosis to obtain sensitivity, specificity, and predictive
values for the BBE.

Statistical analysis To evaluate electropotential differen-
tials in patients with breast cancer compared to patients
with benign lesions, the Mann-Whitney test was used.

RESULTS

In total, 101 patients were tested with the BBE. Pa-
tients ranged in age from 18 to 80 years (median=435).
Sixty-six of the patients (65%) were under 50 years of
age. Cytological or histological studies revealed that 49
of the patients had breast malignancies (49%), while 52
had benign breast conditions (519). Forty-eight of the
49 malignancies (98%) were confirmed by histological
studies, of which three were noninvasive ductal carci-
noma. One malignancy was confirmed by FNA because
the patient was referred to another clinic for treatment.
Benign lesions consisted of three intraductal papillomas,
two adenoses (one sclerosing), one lipoma, 11 fibroade-
nomas, 9 general fibrocystic/mastopathologic findings,

Table I. Clinical Study Population
. Patients Patients Non- Size range
Disease Totals Age <50 >50 palpable ~ Falpable palpable
state range . lesions 3
years years lesions lesions (cm)
Cancer 49 34-80 23 26 1 48 0.5-13.0
Benign 52 18-71 43 9 7 45 0.5- 9.0
Total 101 18-80 66 35 8 93 0.5-13.0
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Table II. Histopathologic or FNA Results

Number of lesions
studied

Cancer 49
Invasive cancer 45
Ductal carcinoma in situ 3
Cancer by FNA 1

Benign 52
Intraductal papilloma 3
Lipoma 1
Adenosis 2

Fibroadenoma 11

9
3
3

Disease state

Fibrocystic changes
Miscellaneous benign
Benign by FNA 2
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Fig. 2. Mean symptomatic breast differential and beiween-
breast differential in patients with breast cancer are signifi-
cantly different from those in patients with benign lesions
{ Mann-Whitney P=0.029, * Mann-Whitney P=0.031).
O Benign (r=52), ® Cancer (n=49).

and 3 miscellaneous benign findings, and there were 23
patients with benign FNAs who did not proceed to OSB.
Seven of the benign lesions (13%) and one of the cancers
(2%) were nonpalpable. Tables I and 11 summarize the
patients’ age and lesion characteristics. '

Mean symptomatic breast differential in patients with
breast cancer was 12.01 mV as compared with 9.37 mV in
patients with benign lesions (P=0.029, Mann-Whitney).
Mean between-breast differential in patients with breast
cancer was 4.18 mV and that in patients with benign
lesions was 3.30 mV (P=0.031, Mann-Whitney) (Fig.
2).
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Table III. Artificial Neural Net (ANN) Results by Sensor
Type
Sensor type th;:sicﬁ 4o Sensitivity Specificity
A 0.43 90% (36/40)  59% (24/41)
B 0.41 89% (8/9) 64% (1/11)

Total 90% (44/49)  60% (31/52)

a) ANN threshold is the value below which a case is classi-
fied as benign and equal to or above which a case is classified
as malignant. The threshold varies slightly as a function of
the operating characteristics of each type of sensor.

Table IV. Neural Net Value as a Function of Decreasing
Preiiferation

i Medi
Disease state edian neural

net value
Carcinoma (n=49) 0.49
Proliferative benign disease (# =3) 0.49
Nonproliferative benign disease (n=24) 0.41
Benign by FNA (n=23) 0.40
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Fig. 3. Receiver operating characteristic curve for BBE.
Area under the curve=0.783.

The results of an ANN were applied prospectively to
this study’s data set and are summarized according to
two types of sensors in Table III. The overall sensitivity
was 90% (44 of 49 malignancies correctly identified) and
the overall specificity was 60% (31 of 52 benign cases
correctly identified).



Overall, four of the 52 benign lesions (7%) produced
ANN values greater than 0.50, while 15 of the 49 cancers
(31%) did. Of the 21 false-positives, there were six (of
11) fibroadenomas, all three intraductal papillomas, two
cases of adenosis, four (of 12) fibrocystic/benign lesions,
and six (of 23) benign FNA. Four of the false-negative
cases were invasive ductal carcinomas and one was a
ductal carcinoma ir situz. The median neural net values
by disease state demonstrate a decrease in neural net
value with decreasing disease proliferation (Table IV).
Only one false-negative case involved a lesion which was
less than 2.5 cm. Thus, of the 19 cancers less than 2.5 cm,
BBE was positive in 18 cases (sensitivity =95%).

The performance of the BBE also can be represented
by the receiver operating characteristic curve. The area
under the curve is 0.783, which represents a significant
increase in diagnostic performance over chance (P<
0.01) (Fig. 3).

DISCUSSION

It has been recognized for a number of years that
during cell division, the cell membrane becomes permea-
ble to various ions, including Na® and K*. These ions
are normally maintained in an electrochemical gradient
from the cytoplasm to the extracellular space. This
gradient dissipates during cell division, resulting in elec-
trical depolarization of the cell membrane.'” Breast epi-
thelial tissues, which are organized as ducts and lobules
to perform transport of ions and water, maintain a
gradient across their cell membranes and across the
epithelial lining of the ductal-lobular system. Carcino-
genesis, which causes disruption of the normal prolifera-
tive and apoptotic activity of breast epithelia, can pro-
duce transepithelial depolarization, probably as a result
of electrical decoupling of the epithelia.'”'»

This electrical depolarization, which can occur in the
arca of proliferative lesions such as breast cancer, pro-
duces a penumbra of electrical alterations which is recog-
nized as the “field effect” in many epithelial malignan-
cies,"” and affects the adjacent quadrant or region. An
array of sensors placed on the skin surface of the breast
can detect the elecirical differentials within the symptom-
atic breast. Electrical asymmetry is also detected between
breasts and in many cases is an additional diagnostic
feature of malignancy.*”

In accordance with previous reports,”” cancers in
Japanese women with suspicious lesions produced signifi-
cantly greater skin surface electropotential differentials
than benign lesions. Prospective evaluation of an ANN
resulted in a sensitivity of 909% and a specificity of 60%.

Overall, specificity was 60%, though 17 of the 23
(74%) lesions resolved as benign on FNA were desig-
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nated negative by the BBE. These cases were considered
clinically low risk for cancer and were not subjected to
OSB, because they had negative FNA. The specificity of
the benign lesions that required OSB was 48% (14/29).
On the other hand, the BBE often identified proliferative
benign lesions such as intraductal papilloma and scleros-
ing adenosis as false-positives. The median neural net
value of these cases was the same as that of the malignant
cases, These findings show that BBE is an indicator of
dysregulated proliferation in the breast. We therefore
consider that false-positive cases should be closely fol-
lowed, because they might be at increased risk for devel-
oping future breast cancer.

There were five false-negative cases in this study. Most
of these cases involved relatively large palpable lesions
{median size=3.3 cm). Lesions of this size may be
somewhat inactive metabolically and often have signifi-
cant areas of necrotic tissue. In evaluating any new
breast cancer diagnostic test, detection of cancers which
are small is more important for improving the current
clinical sitnation. It is notable that for smaller cancers
(<2.5 cm), BBE was accurate in 18 of 19 cases (sensitiv-
ity=95%). These results compare favorably with diag-
nostic mammography or sonography, which showed sen-
sitivity of 57.9% or 77.6%, respectively, in palpable
breast masses less than 2cm in size in Japanese women.”

The initial results reported here support the prelimi-
nary indications from studies in the USA and Europe
that BBE may be an effective adjunct to physical exami-
nation and mammography in the diagnosis of suspicicus
breast lesions. The test is noninvasive, and results indi-
cate high sensitivity. In addition, BBE can provide an
immediate test output and requires relatively little time
for technician training. The operating characteristics of
BBE suggest that it should be used immediately after
suspicious findings by palpation or on a screening mam-
mogram. The sensitivity and specificity of the test are
such that in a population with a prevalence of 20% or
less, the negative predictive value would be greater than
95%. Because the BBE has both high sensitivity and high
negative predictive value, the majority of patients with
benign breast lesions could then be spared the additional
tests, time and psychological trauma associated with
resolution of their diagnosis by current modalities.

It is possible that BBE might be able to select those
patients who would most benefit from additional diag-
nostic work-up, including surgical biopsy. BBE also
could provide a novel means to identify patients at in-
creased risk for developing breast cancer, as well as
detecting early breast cancer.

(Received May 9, 1996/Accepted July 24, 1996)
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