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ABSTRACT

We have constructed a 64 channel dual breast imager for simultancous bilateral time-series detection.
subjects (14 with cancer) shows that tumor detection and localization is possibl with high sensitivity and specificity.
derived f fthe original 37-

Studies on 37

subject data correely predict cancer status in a majority (60-90%) of cases.
OVERVIEW
Here we present results of a systematic examination of data obiained from 37 subjects who comprise a cancer group.
and a control group, cach of whom underwent a simultancous bilateral breast scan using the NIRx dynamic
mumumm imager.! The two groups were maiched in terms of age and body mass index. The cancer group
subjects, while the control group included 23 subjects. The composition of the Ltter group was.
vttt nludd b ey st subts who b s braat pabologes (uon-ane),
cen while

l»-lcmu eous,
Data collection involved .
the subjects were performing ne o more quantitative Valsalva maneuvers (QVM). Data analyss was performed to

answer three principal questions:

‘What are the diagnostic predictor values for globally derived metrics?

2. To within the spatial scale of a breast quadran, how accurately

an tumars be lacated?

3. How aceurste are estimates of tumor size for subjeets whose quadrant localization is correet?

between the vaseulature of tumors and

The was motivated by

ealthy tssue, and of the responses that can be expected, from

were devised.  Muliple parameters were evaluated for each group, in many cases using several alternatve
Jations o s lefl and righ breasts

. 10 a vascular challenge. Three groups of metries

METHODS
1) Subjects:

Table 1 lists the age, tumor size and tumor location, for subjects diagnosed with breast cancer. Tumor sizes ranged
from <1 em 10> em; of these, 6 were in the lefl breast, 7 in the right, and 1 bilateral (e last case folded into the
right breast tumor grou Table 2 lists the age and health status of the
heterogeneous conirol group (N = 23), who had a varity of lsions and prior surgical procedures on the breast. Table

3 reports the summary statistics for demographic comparisons between the two groups; they are not statistically

as her right-breast tumor was larger).

ifferent with respect to age or body-mass index (BMI)
2) Measurement Protocol:

After giving her informed consent, each subject lay prone on the measurement gantry, with both breasts hanging
The dual measuring heads were adjusted o make comfortable contact with the breasts. The instrument gain
gt breast) were found by using an

pendent

setings appropriate to each individual breast (961 source-detector pairs wavel
automated rouine.
measurement periods: baseline and provocation.

Dual-wavelength fime-series optical tomographic data were collected during two consecutive
Baseline data were collected for  period of 10 minutes with the
subject at rest. Provocation tesults were obtained while the subject held a 40 mm resistance for a period lasting up to
30 seconds. Four QVMs, with a 4-minute recovery period afler cach, were attempted. In practice, only 21 subjects
correctly performed at least one.

3) Time-series Image Recovery:

Collected data were analyzed, using previously described software? and algorithms’, 10 produce a time series of
volumetric images for cach Hb state parameer: Hog,, Hy, by, and HBO, Sat.

4)Data Analysis for Tumor Diagnos

4.1) Hb-State Time-series-derived Metrics [Table 4]:

+ Group 1: Indices of resting vasomotion amplitude
+ Computed from bascline measurement data
* Govening hypothesis s that tissues exposed (o hypoxic. environments have increased amplitade at
Vasomotor frequencies
+ Group 2: Index of spatally coordinated dynamics
+ Computed from baseline measurement data
+ Goven
healthy breasts

' hypothesis is that blood delivery to affected breasts s less spatially coordinated than that to

+ Group 3: Measures of pressure-induced blood volume and oxygenation shifts

+ Computed from data collected during QVM
+ Governing hypothesis i that a tumr willincrease a breast's hemoglobin oxygen desaturation n response
10 QUM, increase the blood volume change, and introduce a response time lag.
4.2) Formulations for Inter-breast, Intra-subject Comparisons [Table 4]:

+ Compue difference between metri values for cach subjects two breasts

+ Tumor minus non-tumor for traning-set cancer subjects

* Left minus right for training-set non-cancer subjects, and for validation-set subjects

+ Compute diagnostic accuracy parameters forsix “normalizations” of the diffrence
+ Difference divided by larger, smalkr,or average of the two individual-breast values
plid by s aller

. stvalues.

average of
43) Univariate Tests of Diagnostic Ablity [Tables 4,5
+ Treat cach merric/formulation/Hb-sate permutation separately

between means of CA and non-CA subgroups of the raiing st

A for difere

+ Unequal-variance t-cs

+ Tabulate which metrcs yield staisticlly sgnifcant diffrences

Table 1: Tumor Characteristis in Breast Cancer Subjects

Table 4 Various Merics and Formulations

Growp2

Table 7 Summary of Breast-quadrant Tumor Localization Results
Hb,
oot Parameter

Hbrow

43) Multivariate Tests of Diagnostic Ability [Table 6]:

+ For each difference formulation:

Postulate a multivariate predictive model, consisting of an unknown linear combination of all univariate
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considered simuliancously

+ Not presently warranted, given the siz of the data sets o far considered.




