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Abstract

Background: The diagnostic testing for breast cancer has been limited by the absence of a method, which can
quantitatively differentiate tissue differences; specifically differentiation between calcium deposits, normal breast
tissue, inflammatory changes in breast tissue and breast cancer. Such a quantitative method would remove the
issue of sensitivity and specificity errors and allow for diagnostic decision-making including treatment monitoring.

Method: A series of investigations were conducted over an 18-year period of time looking at more than 1000
women and men suspected of having breast tissue abnormalities. The studies compared pathologic tissue results
with outcomes using other diagnostic studies and FMTVDM-BESTO® Imaging. The studies began with asking the
fundamental questions necessary to produce such a quantitative diagnostic test, followed by correcting for errors
encountered by other methods. Following the initial work comparing FMTVDM-BESTO® Imaging with other tests
and tissue pathology results, the investigations turned to monitoring changes in women over time, demonstrating
the ability to monitor treatment results from surgery, chemotherapy, radiation therapy, immune therapy, diet and
lifestyle changes. Further work was conducted to assure that the time within a woman’s cycle did not affect
FMTVDM-BESTO® Imaging.

The next series of studies looked at the effect that soy protein, smoking and hormone treatment (HRT) had on
breast tissue health and the relationship between breast cancer and these influences. The summation of all of these
studies included looking at breast density and breast implants as well as male patients.

Results: FMTVDM-BESTO® Imaging quantitatively differentiates between breast calcium deposits, normal
breast tissue, inflammatory changes and breast cancer. It can monitor transitions in tissue showing both the
progression and regression of disease allowing clinicians to monitor treatment outcomes independent of the
treatment approach used. FMTVDM-BESTO® Imaging is not affected by breast density, breast implants,
mastectomy or size of breast; including male patients.

Conclusion: FMTVDM-BESTO® Imaging provides the first and only quantitative method, which can differentiate
tissues based upon changes in measurements obtained from this patented method. As such, it can detect changes
in tissue leading to breast cancer allowing for greater treatment opportunities, as well as monitoring outcomes of
treatment for breast cancer and other abnormalities (e.g. fibrocystic disease). FMTVDM-BESTO® Imaging works
independent of whether the patient has dense breast tissue, breast implants, is on HRT, smokes or has undergone

previous treatment in both men and women.

Keywords: Diagnostic testing; Breast cancer; Imaging; Breast
Enhanced Scintigraphy Test

Introduction

In 1999, a representative from the pharmaceutical company
owning Sestamibi approached me to determine if I would be willing
to study breast cancer using Sestamibi. At that time, I was working on
“Inflammation and Heart Disease” © and the diagnostic evaluation
of ischemia. So in 1999 we began the development of a quantitative
method, which could accurately use nuclear imaging to quantify both
(1) heart disease and (2) breast cancer. The stipulated requirement
provided that we would only study people with a clinical question of
having both heart disease and breast cancer.

Materials and Methods

The work began by asking if we could develop a test, which could
specifically identify breast cancer. After identifying the two critical
properties of blood flow and metabolism, the factors, which critically
distinguish cancer from inflammation from normal breast tissue from
calcium, the second task was to determine if there was a method, which

could “enhance” those differences briefly. Using methods commonly
employed in Cardiology, we were able to develop such a diagnostic test,
which could pharmacologically enhance these differences. The third
and final question remained as to whether we could accurately measure
such differences and after identifying problems with modulation
transfer function (MTF) and Fourier Transform (FT), we were able to
correct for the loss of 50% of the data, which we were able to determine
using known samples of technetium 99-m and measuring decay curves.
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The development of FMTVDM-BEST IMAGINGO® (BESTO®)
began with a simple inclusion of breast imaging using a SPECT camera
in planar mode having an intrinsic resolution of 3.4 mm, a 128 x 128
matrix and a LEHR collimator. Under these conditions, we imaged our
first lady in the spring of 1999. Her result is shown in Figure 1. We
initially displayed the result qualitatively, using the customary black and
white image. The initial response by the pharmaceutical representative
was one of apprehension and concern that the image was a false positive.
Our first change, seen to the right, was to change the image to a blue-
green image, which allows for better human visual interpretation. To
her delight, the false positive irregularities disappeared.

The observation of this qualitative error, like that which we had
noticed in cardiac imaging (FMTVDM-FHRWW ©®), resulted in the
decision that these studies needed to be “quantified.” Since the images are
formatted using the radioactive counts obtained by the photomultiplier
tubes, the software required to do this “quantification” already existed
deep within the programs from decades before when regions of interest
(ROIs) were looked at. As a nuclear cardiologist, I had decided that for
me to investigate the use of Sestamibi and later other isotopes for breast
cancer would require that I initially only look at women and men,
who had both an issue of ischemia and cancer. Since the uptake and
subsequent “quantification” of Sestamibi is dependent upon both blood
flow and mitochondrial function, the first question, was to compare
differences between standard breast cancer studies (Miraluma) and the
enhanced delivery of Sestamibi using either exercise or pharmacologic
means, to augment delivery of the isotope by enhancing the blood
flow found in cancers compared to “normal” or “inflammatory” breast
tissue. The two significant differences between these types of tissue
was both the difference in blood supply (normal<inflammatory tissue
with increased blood flow<cancers) going to these tissues and the
concentration of mitochondria (mitochondrial activity) within [dead
(e.g. myocardial infarction or calcium deposits)<normal<inflammatory
leukocytes<cancer] more highly metabolic tissues.

Standard Miraluma (the resting, non-enhanced approach) is
performed using the same camera settings laid out above and the same
timing used for our enhanced BESTO® method as shown in Figure
2, minus the enhancement component. As stated BESTO® enhances
the delivery of isotope to breast tissue by augmenting differential blood

Side by Side Comparison
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Figure 1: Elimination of qualitative visual errors by converting image from black-
white to blue green.
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Figure 2: Enhanced delivery of the isotope was obtained by vasodilation of
blood vessels to breast tissue using Dipyridamole (or applicable agent or
exercise), with the introduction of Sestamibi through an intravenous catheter
at peak vasodilator effect (6 minutes). Aminophylline was used if indicated and
imaging began with the breast in question (BrQL) and then the contralateral
(BrCL) breast. This initial method also imaged both breasts anteriorly (BrAS)
and provided for additional imaging if further questions (BrQ1, BrQ2) existed
after the earlier image acquisition.

flow present in breast tissue, depending upon the vascularity present
in different tissue types, as described in Figure 2 [1]. Quantification of
isotope delivery and uptake was then drawn using ROIs as shown in
Figure 3.

Results and Discussion

Both Miraluma and B.E.S.T. were compared with multiple biopsy
specimens obtained from 10 women studied using both methods. The
results shown in Figure 4, showed no statistically significant difference
in the results obtained in “normal” breast tissue using either method as
there is no vascular or metabolic differences to enhance, while B.E.S.T.
had a statistically significantly (p<0.05) higher “quantified” uptake of
Sestamibi than did Miraluma within inflammatory changes in breast
tissue and an even greater difference (p<0.005) in “quantifiable” uptake
of Sestamibi in breast cancer compared with Miraluma.

Between February of 1999 and June of 2005, a total of 992
women and 4 men were studied using BESTO® imaging. The studies
included determinations of differences between normal breast tissue,
inflammatory breast tissue (fibrocystic disease), atypia (early tissue
change) and breast cancer [2-8]. The method of “quantification”
allowed for the average (mean) + standard deviation present, as well
as the minimum and maximum count activity within the entire breast
and within localized regions of the breast as shown in figure 3. In the
end, the greatest value was the “Maximal Count Activity (MCA)”
which represents the most metabolically active region with the greatest
enhancement of blood flow to the breast, as shown in Figure 4. The
variance of MCA and changes over time demonstrates whether there is
a progression or regression of disease. Further camera settings, software
and specific protocol and analysis of the findings are a matter of patent
licensure as is this method.

Given the differentiation of the statistically significant clinical
utility of BESTO® imaging, we turned our attention to comparing the
results of BESTO® and tissue specimens with that of mammography.
In comparing 100 women, we were delighted to have the additional
diagnostic support of several surgeons including Dr. William Dooley,
who provided biopsy and ductoscopy information in some of the
women. The additional value of this work emphasizes the value of his
ductoscopy procedure for obtaining tissue without breast incision,
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Figure 3: ROIs are drawn for each breast image and “quantified” results were
recorded. ROIs were drawn in the same manner for Miraluma images recording
the “quantified” results.
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Figure 4: “Quantified” differences in Sestamibi uptake using B.E.S.T. and
Miraluma where undetectable in “normal” tissue, but statistically different
(p<0.05) in inflammatory and cancerous (p<0.005) tissue as noted in the bar
graph.
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Figure 5: Three different women who had tissue specimens obtained via ductoscopy and their respective tissue results and MCA values obtained via B.E.S.T.

imaging.

to compare with BESTO® and mammography. An example of a
comparison of ductoscopy and BESTO® is shown in Figure 5.

When the results of MCA were analyzed and graphically displayed,
the normal breast tissue showed MCA values of 144 + 30 with a 95%
confidence (CI) interval from 138 to 150. Inflammatory tissue with its
greater mitochondrial activity and blood supply revealed MCA values of
229 + 50 with a 95% CI from 219 to 240, while the still higher metabolic
(mitochondria) activity with associated angiogenesis typifying cancers
had MCAs of 446 + 80 and a 95% CI from 404 to 489. These results are
shown in Figure 6 with bar graph comparisons of the three shown in
Figure 7.

Given information showing separation in MCA between normal,
inflammatory and cancerous breast tissue, with evidence to indicate
that this progression of tissue change is associated with an overlap at the
extremes of MCA where tissue differentiation occurs, we next turned
our attention to looking for evidence of atypia, which would further
suggest a transition from inflammatory tissue (fibrocystic disease,
FCD) to breast cancer, which could be measured by BESTO® MCA
values. To do this, we studied 201 women and 4 men and as previously
discussed, matched the normal, FCD and CA tissue with MCA counts
and generated the results seen in Figure 8 [3].

An example of a specific patient showing these changes in MCA
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Figure 6: The distribution of MCA values for normal, inflammatory breast tissues and cancer.

Maximal Count Activity
CANCER

Andersan Durirg Worr ity et

A S [T
(e [T
e aa T8
St Thea3
Varerce T
e 8 4bE0T
[ ()
N ]

L]
W Quare 01 50
443,000
Yot Crotrnie a0 280
VSN 04,000

WA Confierce e W,
L1 L L)

#% Cordomes rervw b Segme
T 2334

A% Cordeiamea bterel Tor Mk
e a5 061

--LI

9% Confiderce inserval tor Ut

Breast Enhanced Scintigraphy Test

>

[ NS

Normal Inflammation Cancer

g 8 &8 8§ 8

Maximal Count Activity

100{‘

Figure 7: Graphic depiction of MCA values with 95% CI noted by the horizontal
lines within the colored boxes with the boxes representing the 95% Cl. The
vertical lines represent all values seen demonstrating the transition as breast
tissue changes from “normal” to “inflammatory” to “cancer.”

over time is shown in Figure 9. As noted, these changes confirmed
by biopsy were not associated with a cancerous mass, revealing the
importance of detection of proliferation changes in breast tissue, long
before the development of a mass which only then might have been
detectable by anatomic mass tests like mammography, CT or MRI.
Further investigation of the results allowed further comparisons
including cellular atypia are shown in Figure 10. Changes in tissue
proliferative changes are demonstrated by increasing MCA values on
B.E.S.TO® Imaging as tissue changes from normal (145.0 + 29.1) to
inflammatory (218 + 40.3) to atypia/metaplasia (307.7 + 29.3) to cancer
(445.3 £ 83.3). An example of one of the male participants with breast
cancer is shown in Figure 11.

Additional information obtained in this study unmasked the
metabolic effects of larger cancers on smaller cancers. In Figure 12, a
woman studied twice in 9 months, showed a growth in the size of her
primary breast cancer in her right breast with an MCA going from 425

Relationship Between Maximal Count Activity (MCA) and Changes in Breast Tissue
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Figure 8: Changes in MCA demonstrate that there is an exponential change in
tissue blood flow and metabolic (mitochondria) activity as breast tissue changes
from “normal” to FCD to cancer, with a region between FCD and CA suggesting
further differentiation.

to 470, while the MCA of the left breast went from 240 to 185. Within
6 months after having the right breast cancer removed, a new cancer
was detected in the left breast, which was surgically removed. These
findings indicate that larger cancers can inhibit the growth of smaller
cancers through “inhibitors” as posted by the other components of
FMTVDMO®.

Given the ability to differentiate the proliferative changes that
occur as normal breast tissue transitions to breast cancer and our
ability to detect the inhibitory effect that larger primary cancers can
have on smaller slower growing secondary cancers, we began to ask if
we could measure treatment effects. We began by looking at the effects
of soy protein on inflammatory breast disease [4,5]. These 64 women
had fibrocystic disease, a common problem among women which can
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Figure 9: An example of how rapidly normal breast tissue can progress from
“normal” to DCIS is shown in this patient, whose MCA values increased from
142 to 165 in 6 months, with progression to DCIS only 4 months later. Note that
this detection occurred long before the formation of a discrete cancer mass,
which might have been visible on an anatomic test like mammography.
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Figure 10: Results of MCA show a progression of tissue proliferation with
increasing metabolic and angiogenic changes as breast tissue changes from
normal to FCD to cellular atypia to breast cancer.
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Figure 11: A male participant shows a breast cancer in the left nipple with an
MCA value of 462.

MCA decreases in left breast while
cancer in the right breast grows.
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Figure 12: Over the course of 9 months, the primary cancer growing in the
right breast (far right panels) showed increased MCA and an obvious increase
is mass size (top panel from March of 2001) over time, with the bottom panel
revealing the results from June of 2000. The decrease in MCA of the left breast
(far left panels) in this case was associated with the visual appearance of less
pronounced isotope activity. The actual MCA values are discussed in the body
of the original manuscript.
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Figure 13: Improvement in the FCD for this woman is seen by the reduction in
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MCA following treatment.
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frequently be painful and associated with palpable masses leading to
mammography, ultrasounds and breast biopsy. While B.E.S.T. is able to
differentiate FCD from cancer, an additional question regarding both
the ability of B.E.S.T. to monitor treatment results and the question
as to a possible treatment for FCD was the focus of this study. An
example is shown in Figure 13 of treatment results for a woman taking
a soy product for one year who showed improvement in the FCD
with a reduction in the MCA while taking the product. It should be
noted however that other women have shown a progression of disease
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following the use of soy products, reinforcing the importance of
tailoring individual treatment based upon actual results, remembering
that each person and their cancer may react differently in response to
treatment. Here, ignorance is not bliss and improved life survival and
treatment response can be guided using BESTO®.

For many, but not all of the women, the results showed an
improvement in the FCD as measured by improvement in MCA. While
the improvement was not statistically significant (before treatment:
249.60 + 98.40; after treatment: 226.98 + 59.22; p=NYS), further analysis
showed that this was statistically significant in some women, with
considerable variability in individual response (p<0.01) to treatment.

Given the ability to quantify changes in MCA indicative of
treatment response in this group of women with FCD, we looked at
prior study participants who had undergone treatment of their breast
cancer and demonstrated the ability of BESTO® to monitor treatment
response including both recurrence and successful treatment of their
cancer as shown in Figure 14.

Since one of the risk factors for breast cancer is duration of
unopposed estrogen levels, we next set out to determine if women
taking hormone replacement therapy (HRT) demonstrated differences
in proliferative breast changes as measured by MCA, which might
pose a risk for subsequent development of breast cancer. Prior to
doing this we looked to see if MCA changed appreciable during the
course of normal menstrual cycles. If such changes were to occur, it
would indicate limitations to the timing of B.E.S.T. imaging. As noted
by the example shown in Figure 15, MCA values are not appreciable
influenced by menstrual cycle.

To first study the effect of HRT we looked at 327 non-pregnant,
non- lactating women, including 188 who were not taking HRT and 139
who were. Figure 16 shows the graphic depiction of differences in MCA
within groups as described in the legend. Of greatest significance is the
greater variability seen with atypia and breast cancer in women taking
HRT. The study demonstrated that this was statistically significant
in women (p<0.01) using HRT (Table 1) and having ER- (negative)
tumors [6].
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It" s Death with
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recurrence of breast
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shows metabolic death of
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Figure 14: Over the course of time, this patient underwent both mastectomy
and chemotherapy. B.E.S.T@® Imaging demonstrated that her initial treatment
did not work. A change in her treatment was subsequently demonstrated to have
successfully treated her breast cancer.

Changes in Menstrual Cycle
Don’ t Change MCA.

Figure 15: MCA values do not change by more than 10-15 throughout the
duration of menstrual cycles.
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Figure 16: Group 1 represent “normal” breast tissue, group 2 are those with
FCD, group 3 are those with cellular atypia, while group 4 represents those
women with breast cancer. Series 1 represented all of the women, while series
2 represented those who did not take HRT and series 3 represents those who
were taking HRT.

Category Xto MCAto N‘t;vrgl:;nof
Normal (all) 95.27 + 25.85 205.93 + 54.30 141
Normal (-HRT) 95.21 +22.00 206.74 £ 51.15 94
Normal (+HRT) 95.38 + 32.48 204.30 + 60.66 47
Fiprocystc disease (all) 114.58 £29.85 | 249.68 + 57.41 139
Fibrocystic disease (-HRT) | 108.38 +32.76 | 233.88 + 56.16 72
Fibrocystic disease (+HRT)| 121.26 £+ 24.93 | 266.67 + 54.16 67
Atypia (all) 139.77 + 38.07 320.1+100.6 34
Atypia (-HRT) 137.09 + 34 54 316.5+ 94.3 15
Atypca (+HRT) 141.88 £41.46 | 322.80 + 107.80 19
Cancer (all) 189.4 + 117.6 429.0 £ 159.0 13
Cancer (-HRT) 223.4 +148 2 503.0 + 137.9 7
Cancer (+HRT) 149.7 £ 57.5 342.4 + 1456 6

(counts per pixel).

X % o indicates average count activity (ACA) * the standard deviation (counts per
pixel). MCA + ¢ indicates maximal count activity (MCA) * the standard deviation

Table 1: Women taking HRT had a greater variability in both the ACA and MCA
activity compared with women not taking HRT. This variability in tissue proliferative
activity was more pronounced (p<0.01) in women having cellular atypia and those
having breast cancer.
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Table 1 shows Average Count Activity (ACA) and Maximal Count
Activity (MCA) Results in BEST Imaging in 327 Women, Including
188 Not Taking Hormone Replacement Therapy (HRT) and 139 Taking
HRT.

The original biopsy (tissue) studies clearly showed that women
with dense breasts were just as accurately measured using BESTO® as
women without dense breasts. There is no increased vascularity and
metabolism within the dense breast tissue to fool BESTO®. Finally we
asked if the incidence of breast cancer was higher in women taking HRT
[7]. To do this we looked at 300 women, including 120 who were taking
HRT and another 180 who did not take hormone therapy. The HRT
study included a new addition to our BESTO® imaging; viz. women
with breast implants. Given the limitations of other imaging modalities,
we were intrigued to look at the effect this might have on BESTO®
imaging. As shown in Figure 17, the breast tissue is compressed into
the subcutaneous region of the chest, with the implant taking up a
significant component of the imaging region. This did not affect MCA
image results.

As shown in Table 2, there was a statistically significant increase in
the number of women who had cellular atypia or breast cancer when
they were taking HRT. This was the FIRST study to actually show this
and it was proven by BESTO® imaging confirmed by tissue pathology.
As Table 2 and Figure 18 show, MCA and tissue confirmed findings
revealed there is a statistically significant increase in women having
cellular atypia and breast cancer when they take HRT. In fact, the
women taking HRT accounted for 10 of the 16 (62.5%) women with

B.E.S.t. can be done
withBreast Implants

t. Lateral

Lateral

Figure 17: Breast implants compress breast tissue against the subcutaneous
region of the chest. They did not result in artificial elevations in MCA values even
though the qualitative appearance might appear to be more active.

Category (n) -HRT (n) +HRT (n) | Chi-square P value
Breast implants (8) 75% (6) 25% (2) P<0.001
Normal (122) 68.8% (84) | 31.2% (38) P<0.001
Fibrocystic disease (116) 56.9% (66) | 43.1% (50) P=NS
Atypia (38) 47.4% (18) | 52.6% (20) P=NS
Cancer (16) 37.5% (6) | 62.5% (10) P<0.001

Total women 180 120

n is the number of women in each category.

Table 2: Women taking HRT demonstrated a greater incidence of both cellular
atypia and breast cancer.

Percentage of Women Using HRT

60 =

—*—Series1

#—Series2

Percentage
S
\
%
\

(=]

Differentiation of Breast Changes

Figure 18: Series 1 represents women who did not take HRT, while series 2
represented women who took HRT. Group 1 is women with breast implants,
group 2 are women with normal MCA values, group 3 had fibrocystic disease
(FCD), group 4 had cellular atypia and group 5 had breast cancer.

breast cancer. Table 2 shows that women taking HRT demonstrated a
greater incidence of both cellular atypia and breast cancer.

The findings of these studies, which represent eighteen (18) years
of work from inception to patent were summarized and presented at
a CDC sponsored conference in Greece a few years ago. The meeting
was additionally represented by the then CEO (Dr. John R. Seftrin) of
the American Cancer Society (ACS) who expressed an interest in this
work and requested that he be kept posted on the progress of BESTO®
imaging.

The results have been presented at multiple International
conferences, published as part of position papers, published in peer
reviewed medical journals and medical textbook chapters 9.

In February of 2017, the USPTO issued the patent (9566037) for
these diagnostic studies marking a paradigm shift in the quantitative
diagnostic imaging of heart disease and breast cancer. The method
allows for detection of disease previously missed, the detection of
changes leading up to cancer and critical CAD and the ability to
quantitatively determine if treatment is working or if alternative
treatment is indicated. This patented method is now available for
licensure and distribution.

Conclusion

During its development BESTO® has not only confirmed the
fundamental differences between cancer and other types of tissue but
has demonstrated the ability to accurately enhance these differences
and measure them independent of the time in a woman cycle or the
presence of dense breast tissue or even breast implants. BESTO® has
been able to distinguish the effects of HRT, monitor the effect of treating
breast cancer and the precursors of breast cancer. It has also been able to
determine whether men have breast cancer. There have been attempts
by others to utilize the method to try to reproduce the results, however,
without the full details provided in the license, those efforts have only
shown imitation is the sincerest form of flattery.

BESTO® imaging presents the FIRST and only “quantitative”
method, which uses tissue metabolism and vascularity resulting
from angiogenesis to differentiate between calcium deposits, normal
breast tissue, inflammatory changes of the breast, cellular atypia and
breast cancer; both in the diagnosis and treatment responses. Further
reductions in imaging times, isotope dosage and quantification of
other solid tumors will soon be forthcoming. The patent includes any
isotope, nuclear camera, enhancing agents and includes the use in both
people and animals.
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