Breast Enhanced Scintigraphy Test (B.E.S.T.©): Quantifying the detection of breast cancer and
its treatment.
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. I
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.

Side by Side Comparison
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Figure 1. Elimination of qualitative visual errors by converting image from black-white to bluegreen.
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The observation of this qualitative error, like that which we had noticed in cardiac imaging
(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 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 three types of tissue was both the difference in blood supply
(normal<inflammatory tissue with increased blood flow<cancers) going to those tissues and the
concentration of mitochondria (mitochondrial activity) within (dead (e.g. myocardial
infarction)<normal<inflammatory leukocytes<cancer) more highly metabolic tissues.
Standard Miraluma was performed using the same camera settings laid out above and the same
timing used for the enhanced flow described for Breast Enhanced Scintigraphy Test (B.E.S.T.©)
depicted in figure 2, minus the enhancement component. Breast Enhanced Scintigraphy Test
(B.E.S.T.©) enhances the delivery of isotope to breast tissue by augmenting blood flow present in
breast tissue, depending upon the vascularity present in different tissue types, as described in
figure 2.

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 vasodilatory effect (6 minutes)1.
Aminophylline was used if indicated and imaging began with the breast in question (BrQL) and
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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. Quantification of isotope delivery and uptake was then drawn using
ROIs as shown in figure 3.

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.
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, while
B.E.S.T. had a statistically significantly (p<0.05) higher “quantified” uptake of sestamibi than did
Miraluma, and an even greater difference (p<0.005) in “quantifiable” uptake of sestamibi in
breast cancer compared with Miraluma.
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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.
Between February of 1999 and June of 2005, a total of 992 women and 4 men were studied using
B.E.S.T. imaging. The studies2-8 included determinations of differences between normal breast
tissue, inflammatory breast tissue (fibrocystic disease), atypia (early tissue change) and breast
cancer. The method of “quantification” allowed for the average (mean) + standard deviation
present, as well as the minimum and maximum count activity within a given pixel within the
entire breast and within localized areas 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.
Given our differentiation of the statistically significant clinical utility of B.E.S.T. imaging, we
turned our attention to comparing the results of B.E.S.T. and tissue specimens with that of
mammography2. In comparing 100 women, we were delighted to have the additional diagnostic
import of Dr. William Dooley, who was able to provide ductoscopy information in some of these
women. The additional value of his work emphasis the value of his ductoscopy procedure for
obtaining tissue without breast incision, to compare with B.E.S.T. and mammography. An
example of a comparison of ductoscopy and B.E.S.T. is shown in figure 5.
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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.
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 219-240, 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.
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Figure 6. The distribution of MCA values for normal, inflammatory breast tissues and cancer.

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% CI. The vertical lines represent all values seen demonstrating the transition as
breast tissue changes from “normal” to “inflammatory” to “cancer.”
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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 B.E.S.T. MCA
values3. 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.

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.
An example of a specific patient showing these changes in MCA 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 then have been detectable by 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.T. 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 a male
participant with breast cancer is shown in figure 11.
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Ductal Carcinoma In-Situ
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The initial MCA on 6-16-2000 was 142.
On 12-13-2000 the MCA was 165.
In April of 2001, the MCA was 240.
The Biopsy performed 20 June 2001 showed DCIS.
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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 occured long before the formation of a discrete cancer mass which might have been visible
on mammography.

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.

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 to 470, while
the MCA of the left breast 240 to 185. Within 6 months after having the right breast cancer
removed, a new cancer was detected in the left breast and was surgically removed. These
findings indicate that larger cancers can inhibit the growth of smaller cancers through
“inhibitors.”
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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) and bottom panel from June of
2000. The decrease in MCA of the left breast (far left panels) is associated with the visual appearance of less
pronounced isotope activity. The actual MCA values are discussed in the body of the manuscript.

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 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 (figure 13)
of treatment results for a woman taking a soy product for one year shows improvement in the
FCD with a reduction in the MCA while taking the product.
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=NS), further analysis showed that this was statistically significant
in individual women, with considerable variability in individual response (p<0.01) to treatment.
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Figure 13. Improvement in the FCD is seen by reductions in MCA, showing treatment response.
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 B.E.S.T. to monitor treatment response including
both recurrence and successful treatment of their cancer as shown in figure 14.
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Tracking
Cancer and
It s Death with
Treatment
!

!

This patient status-post
mastectomy had her 6th
recurrence of breast
cancer.
The last B.E.S.T. image
shows metabolic death of
the cancer.
The Fleming Heart and Health
Institute and The Camelot Foundation

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.

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.
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Changes in Menstrual Cycle
Don t Change MCA.
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Figure 15. MCA values do not change by more than 10-15 throughout the duration of menstrual cycles.

To first study the effect of HRT6 we looked at 327 non-pregnant, non-lactating women, including
139 who were not taking HRT and 188 who were. Figure 16 shows the graphic depiction of
differences in MCA with groups 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 (figure 17) and having ERtumors.
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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.

Differences in Breast Tissue?
Table 4.

Average Count Activity (ACA) and Maximal Count Activity (MCA) Results of BEST Imaging in 327 Women, Including
188 Not Taking Hormone Replacement Therapy (HRT) and 139 Taking HRT

Category
Normal (all)
Normal (–HRT)
Normal (+HRT)
Fibrocystic disease (all)
Fibrocystic disease (–HRT)
Fibrocystic disease (+HRT)
Atypia (all)
Atypia (–HRT)
Atypia (+HRT)
Cancer (all)
Cancer (–HRT)
Cancer (+HRT)

X±σ
95.27 ± 25.85
95.21 ± 22.00
95.38 ± 32.48
114.58 ± 29.85
108.38 ± 32.76
121.26 ± 24.93
139.77 ± 38.07
137.09 ± 34.54
141.88 ± 41.46
189.4 ± 117.6
223.4 ± 148.2
149.7 ± 57.5

MCA ± σ

Number of Women

205.93 ± 54.30
206.74 ± 51.15
204.30 ± 60.66
249.68 ± 57.41
233.88 ± 56.16
266.67 ± 54.16
320.1 ± 100.6
316.5 ± 94.3
322.80 ± 107.80
429.0 ± 159.0
503.0 ± 137.9
342.4 ± 145.6

141
94
47
139
72
67
34
15
19
13
7
6

X ± σ indicates average count activity (ACA) ± the standard deviation (counts per pixel). MCA ± σ indicates maximal count activity (MCA) ±
the standard deviation (counts per pixel).

Figure 17. Women taking HRT had a greater variability in both the ACA and MCA activity
Differences
Variability
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Differences)
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was more
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pronounced (p<0.01) in women having cellular atypia and those having breast cancer.
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true when
cellular
alenceMCA
of breast
cancer
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imaging
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atypia was present. This is to be expected since the among women who took HRT, but once breast cancer
presence of cellular atypia and/or breast cancer or cellular atypia occurs, there are no statistical differwould produce the expected change in metabolic ences to distinguish between groups. The metabolic
activity regardless of whether hormone therapy was activity was greater for the ER-negative tumors than
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being used or not. That is, the change in variability the ER-positive ones. Further investigation should inand loss of homogeneity is a marker of cancer, not the clude information about interleukin values since IL-8
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presence or absence of estrogen. In fact, the presence is associated with tumor invasiveness and follows our
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B.E.S.t. can be done
withBreast Implants
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Figure 18. 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.

As shown in figure 19, 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 B.E.S.T. imaging confirmed by tissue pathology. As
figures 19 and 20 demonstrate, 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
breast cancer.
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Figure 19. Women taking HRT demonstrated a greater incidence of both cellular atypia and
breast cancer.

Figure 20. Series 1 represents women who did not take HRT, while series 2 represented women who took HRT.
Group 1 are women with breast implants, group 2 are with with normal MCA values, group 3 have FCD, group 4
have cellular atypia and group 5 have breast cancer.

The findings of these studies which represent a decade of work (figure 21) were summarized and
presented at a CDC8 sponsored conference in Greece a few years ago. The meeting was
additionally represented by the CEO of the American Cancer Society who expressed an interest
in this work and requested that he be kept posted on the progress of B.E.S.T. imaging. We are in
the process of doing just that.
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Breast Enhanced Scintigraphy Test (B.E.S.T.) Imaging Utilizes
Vascularity/Angiogenesis and Mitochondrial Activity to Distinguish
Between Normal Breast Tissue, Inflammation and Breast Cancer.
Richard M. Fleming1, William C. Dooley2 • The Camelot Foundation1, The University of Oklahoma2

2005 Estimated US Cancer Deaths*
Men 295,280 Women 275,000
Lung and bronchus
Prostate
Colon and rectum
Pancreas
Leukemia
Esophagus
Liver and intrahepatic
bile duct
Non-Hodgkin
Lymphoma
Urinary bladder
Kidney
All other sites

31%
10%
10%
5%
4%
4%
3%

•
•
•
•
•
•
•
•
•
•
•

3%
3%
3%
24%

27%
15%
10%
6%
6%
4%
3%
3%
2%
2%
22%

Lung and bronchus
Breast
Colon and rectum
Ovary
Pancreas
Leukemia
NoHodgkin lymphoma
Uterine corpus
Multiple myeloma
Brain/ONS
All other sites

ONS=Other nervous system.
Source: American Cancer Society, 2005

Using the Angiogenesis of a Cancer to
Increase its Detectability.
• Detection of ischemic coronary
artery disease requires “stress”
imaging to detect regional
differences in coronary flow
(CFR) reserve.
• This change in CFR can be
brought about either by
- Exercise or
- Pharmacologic stress
• This same approach can be
used to augment blood flow
elsewhere in the body

Study Proposal
• If cancers have greater metabolic activity than inflammatory tissue and
inflammatory tissue has greater metabolic activity than normal tissue, and
• If cancers have a greater blood supply than normal tissue, then
• Enhancing the delivery of the isotope (sestamibi) to a cancer using the same
technique employed for myocardial perfusion imaging (eg. Dipyridamole),
should increase the delivery and uptake of sestamibi within a cancer.
- This difference should be detectable after measuring the amount of
radioactivity within a ROI of normal tissue, inflammatory breast tissue (eg.
Fibrocystic disease) and breast cancer.

Sestamibi Uptake Within Cells is
Dependent Upon Electrochemical
Gradients.

• For normal breast tissue,
the MCA was 144 +/- 30
(95% CI:138-150)
• For inflammatory changes
of the breast, the MCA was
229 +/- 50 (95%CI:218240)
• For breast cancer the MCA
was 446+/-80 (95%CI:403489).

Breast Enhanced Scintigraphy Test
600
500
400
300
200
100
0
Normal

Inflammation

Cancer

P<0.05 between normal and inflammation
P<0.05 between inflammation and cancer

There is a Curvilinear Relationship Between MCA and Changes in Breast
Tissue Indicating Changes in Both Mitochondrial Content/Activity and
Differences in Blood Flow.

Initial Comparison of Miraluma &
Enhanced Approach.
• 10 participants were
studied on two
separate days.
• On the first day a
resting (Miraluma)
approach was used.
• On the second day, the
enhanced (Breast
Enhanced Scintigraphy
Test) approach was
used.

Third Stage of Research
Breast Enhanced Scintigraphy Test.
• Subjects arrive in the morning in a fasting state.
• A catheter is placed in the right antebrachium unless there is an abnormality
within the right breast and then the catheter is placed in the left antebrachium.
• Through the IV catheter, both the dipyridamole (to enhance blood flow) and
the isotope (sestamibi) is delivered, after which breast images are taken as
shown below.

• 327 women, including 139 taking hormone replacement therapy and 188 not
taking hormone therapy were studied, looking at ACA, MCA and the
variability of count activity within the breast tissue.
• Fibrocystic disease (FCD) had a statistically (p<0.01) greater count activity
than normal tissue.

Further Differentiation Based Upon
“Atypia” and Count Variability.
• Further efforts were made to subcategorize women with “atypia” who had a
statistically (p<0.01) greater count activity than women with FCD.
• Differences between “atypia” and breast cancer were statistically (p<0.01)
higher for women with breast cancer.
• There was a statistically (p<0.05 to 0.01) greater variability of breast tissue
uptake of sestamibi in women who took hormone replacement therapy.

•Anatomic Testing
-Mammography
-Ultrasound
-MRI
•Physiologic Testing
-PET (in addition to CT/MRI)
-SPECT imaging

• Uses properties of cellular function to detect the presence or absence of
normal and abnormal tissue.
• Depends upon delivery of the testing agent (in this case a nuclear isotope) to
the area of interest, and
• A method for detecting the testing agent (in this case a nuclear SPECT
camera).

• The second phase of this research looked at 100 women with a breast lump,
family history of breast cancer or abnormal mammogram.
• There was a 20% incidence of breast cancer in this group.
- Mammography and BEST agreed 76% of the time.
- Mammography sensitivity was 69% and specificity was 84%.
- BEST sensitivity was 95% and specificity was 100%.

BEST Imaging MCAs

Detection of Breast Cancer Utilizes

Physiologic Testing

The Next Phase of Reasearch

Maximal Count Activity

Background: Breast cancer remains the number one cause of cancer deaths
among women in the US. Current testing modalities utilize anatomic
approaches to detect changes in breast tissue. Nuclear imaging utilizes
isotopes to detect physiologic changes in tissue. One of these isotopes,
Sestamibi, is actively taken up by mammalian and plant cells alike. In
mammalian tissue it is actively taken up by the mitochondria while in plant cells
it is taken up by chloroplasts. The mitochondria and chloroplasts are the energy
organelles of living tissue. These organelles are present in varying
concentrations in normal, inflammatory (wbc’s, fibroblasts) and tumor cells.
Additionally, the delivery of an isotope to a given tissue is dependent upon a
transport mechanism. Within the body, this system is primarily the blood
stream. Regions of greater vascularity (eg. Inflammation and/or cancers)
deliver greater concentrations of isotope for tissue detection. We have
previously shown that the utilization of dipyridamole augments the delivery of
isotopes to tissue through enhancement of blood flow. This study was designed
to determine if the simultaneous enhancement of blood flow using dipyridamole
and measurement of isotope activity using specialized software could
distinguish between normal breast tissue, inflammation and breast cancer.
Methods: Three hundred and twenty-seven non-pregnant women between 30
and 60 years of age were studied following referral from their primary care
physician. Women enrolled in the study either had a family history of breast
cancer, an abnormality on physical exam, mammogram or other concerns (eg.
Tumor markers). A history of hormone therapy use was also recorded to look
for differences in imaging results. Biopsies of suspicious lesions were taken
following nuclear imaging. B.E.S.T. imaging was performed in a fasting state.
An intravenous catheter was placed followed by a four-minute infusion of
dipyridamole. Two minutes later, Sestamibi was given and imaging began 5-10
minutes later. Subjects were placed in a prone position for lateral views of the
breast. Each image took 10 minutes to acquire. Images were then quantified
using a specialized software package to analyze the regions of interest (ROI).
ROIs were quantified for maximal count activity (MCA) and average count
activity (ACA) along with standard deviation of counts.
Results: Differences in MCA and ACA were significant between “normal” and
“fibrocystic disease” (p<0.001), “fibrocystic disease” and “atypia” (p<0.001) and
“atypia” and “cancer” (p<0.05). Differences between tissue types were
confirmed by pathology data. Differences within groups existed for women who
were taking hormone therapy and those who did not take hormone therapy
(p<0.05).

Differences
in ACA &
MCA.

Sequence of
Events.
• Once the isotope is injected, it
can be traced going through the
brachial veins into the
subclavian vein (right).
• Following image acquisition and
reconstruction, using a 75 PMT
SPECT camera with a LEHR
collimator and intrinsic resolution
of 3.4 mm, images are then
displayed.

Differences Between ACA & MCA
Among Women Who Were (+) and
Were Not (-) Taking HRT.

Initial Display & Conversion
• These images are initially displayed using a
black & white format.
• They are then converted to a green-blue
image to enhance visual detection of
abnormal tissue.
• Isotope delivery is dependent upon blood supply to the area or region of (ROI)
interest.
- The greater the blood supply, the greater the delivery of the isotope for detection
• Sestamibi uptake within cells is dependent upon the organelles which produce the
energy for those cells. These organelles produce electrochemical gradients as a
property of their energy production.
- In plants sestamibi is taken up by chloroplasts, while in mammalian tissue
sestamibi is taken up by mitochondria.

Original Concept
• Sestamibi was FDA approved for the detection of breast cancer in the mid
1990s after earlier work with heart disease revealed breast and lung cancers.
• The imaging study was performed using a resting approach where three sets
of images were taken by a SPECT camera 10 minutes after the intravenous
injection of
- 925-1110 mBq (25-30 mCi) of Sestamibi
• This approach was named MIRALUMA.

There Was a Statistically* Greater
Incidence of Breast Cancer Among
Women Taking HRT.

Quantification of Actual Activity.
• Regions of interest (ROIs) are
then quantified to determine
differences in sestamibi uptake
within breast tissue.
• ROI-1 had an average count
activity (ACA) of 178 +/- 15.
• ROI-2 had an ACA of 147 +/-15.
• ROI-3 had an ACA of 134 +/- 25.

Miraluma Imaging
BEST & Miraluma
Imaging Results
Were Then
Compared With
Biopsy
Information.

• Three sets of images are obtained 10 minutes after the isotope had circulated
throughout the body.
• These images are obtained (10 minutes each) with the patient lying prone on a
6 inch mattress with the breasts in a dependent position.
• The quality of these black and white images lead to concerns about false
positive findings.

Using the Properties of Cancers to
Enhance Their Detection.
• Cancers have greater metabolic activity than normal tissue does. This
greater metabolic activity is associated with a greater number of mitochondrial
to carry out energy production.
• Similarly, inflammatory tissue (leukocytes, etc.) are more metabolically active
than normal tissue, yet less metabolically active than cancers.
• Cancers require increased blood supply to maintain their greater metabolic
activity. To obtain this greater blood supply (nutritional support), they produce
new blood vessels (angiogenesis).

The Maximal Count Activity (MCA)
Reveals the Greatest Accumulation of
Sestamibi Within the Breast and
Provides the Best Distinction Between
Normal, Fibrocystic (Inflammation)
Disease and Breast Cancer.
• The difference in isotope
activity between Miraluma (MMCA) & BEST (B-MCA)was
negligible in normal breast
tissue.
• This difference increased with
breast inflammation.
• The difference between
resting and enhanced
approaches was statistically
(P<0.05) significant for breast
cancer.

BEST Imaging
• Enhancement of isotope delivery using dipyridamole results in increased
delivery of the isotope to the breast in states of inflammation, atypia and
cancer compared with the resting approach (Miraluma).
• This enhanced delivery results in greater mitochondrial uptake as
quantitatively measured and displayed as average (ACA) and maximal
(MCA) count activity.
• There is increased breast tissue variability in women who are taking hormone
replacement therapy.
• These same women have a greater incidence of breast cancer when
compared with women who do not take HRT.

Future Directions for BEST Include
Earlier Detection of Breast Cancer &
Monitoring Breast Changes
• Changes can be tracked over time.
- 6-16-00 MCA was 142
- 12-13-00 MCA was 165
- 4-12-01 MCA was 240
- Biopsy on 6-20-01 showed DCIS

And Treatment Response
• This patient has had recurrent breast cancer.
• Following radiation therapy, the cancer shows
metabolic death with no evidence of
mitochondrial activity

Figure 21. Poster session for the CDC and ACS conference in Greece.
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