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Description

FIELD OF THE INVENTION

[0001] The present invention relates to the use of optical transillumination/reflectance spectroscopy as a diagnostic
for determination of the risk for diseases.

BACKGROUND OF THE INVENTION

[0002] As early cancer or disease detection and diagnosis make further inroads into clinical practice, the high cost of
current disease screening techniques redirected the focus of the investigators towards methods capable of quantifying
the risk towards these diseases as a practical pre-screening tool. One particular application area is epidemiological
science and public health research into cancer prevention, so the invention is applicable for a wide variety of chronic or
slowly developing diseases such as Alzheimer’s, or Multiple Sclerosis. However, prevention required identification of
the population at risk in association with an appropriate prevention or risk reduction intervention for example through
the control of disease inducing agents or lifestyle changes (exercise, diet etc.) An example risk quantification is the work
related to assessing the breast cancer risk in the general population or subgroups thereof by Boyd, Yaffe et al. (1-3)
which showed that X-ray density patterns are identified as having one of the highest odds ratios towards the risk of
breast cancer between the low risk and the high risk groups. For the specific case of breast cancer, radiologically dense
breast tissue on mammography indicates the presence of stromal and epithelial tissue in the breast, the amount of which
is strongly related to risk of breast cancer, with increasing amount of radiologically dense tissue related to increased
risk. The ability to assess the breast cancer risk enables new steps in cancer prevention, for example through lifestyle
and dietary changes (4).
[0003] One of the major disadvantages of the current standard for Breast Cancer Risk assessment is the use of ionizing
radiation. This results in the late introduction of this diagnostic modality during the life of a woman, due to the inherent
risk when using ionizing radiation in a diagnostic modality. Other good risk predictors are in general also only available
once a woman has reached around 40 years of age, such as cancer incidence in first degree relatives (mother and
sisters). However, the late onset in using these risk assessment modality will reduce the available time frame for any
intervention aimed at reducing the disease risk. Hence, there is a clear need for a non-ionizing modality which can be
employed in young patients, here in post puberty pre-menopausal women.
[0004] Non-ionizing radiation was employed in various optical mammography approaches, usually in attempts to image
the breast, and to detect breast lesions (5,6) commonly using frequency domain technologies at only a few specialized
wavelengths, or as spectroscopic approaches for the determining the tissue optical properties of normal versus malignant
breast tissue (7). These spectroscopic applications, including an article by Egan and Dolen (8) are rather intended for
determination of the probability for the presence of cancer, but do not address the concept of risk assessment, e.g. as
a pre-screening tool.
[0005] United States Patent No. 6,121,775 is directed to an MRI imaging method and apparatus and provides a
physical interrogation methods related to detecting small changes in tissue.
[0006] United States Patent No. 5,079,698 is directed to a transillumination method and apparatus for the diagnosis
of breast tumors and other breast lesions by normalization of an electronic image of the breast. Unites States Patent
No. 6,002,958 is directed to a method and apparatus for diagnostics of internal organs. This patent teaches the use of
NIR radiation in the 0.6-1.5 um wavelength range and adds ultrasound to the analysis tools. These two patents specifically
create images of the organ
[0007] United States Patent No. 6,095,982 discloses a spectroscopic method and apparatus for optically detecting
abnormal mammalian epithelial tissue’ covers only Raman and fluorescence methods. United States Patent No.
6,069,689 discloses an apparatus and methods relating to optical systems for diagnosis of skin diseases while very
generally written and addressing, reflectance, fluorescence and Raman, using a plurality of light emitting diodes. While
some changes in the tissue (skin) are mentioned the idea of risk assessment is not included in this or any other patent
related to the use of non-ionizing radiation.

SUMMARY OF THE INVENTION

[0008] The present invention uses spectroscopic tissue volume measurements using non-ionizing radiation to detect
pre-disease transformations in the tissue, which increase the individuals risk for this disease.
[0009] In one aspect of the present invention there is provided a method for assessing susceptibility of a mammal,
free of a pre-selected disease for developing a pre-selected disease, comprising:

a) illuminating a volume of selected tissue of a mammal with light having wavelengths covering a pre-selected
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spectral range;
b) detecting light transmitted through, or reflected from, said volume of selected tissue, and obtaining a spectrum
of said detected light;
c) representing the spectrum of detected light by a set of basis spectral components, an error term, and an associated
scalar coefficient for each basis spectral component in said set, the set of basis spectral components including at
least one basis spectral component, the associated scalar coefficient for each basis spectral component being
calculated by minimizing the error term; and
d) correlating the associated scalar coefficient for each spectral component with a pre-selected property of the
selected tissue known to be indicative of susceptibility of the disease-free tissue for the pre-selected disease to
obtain the susceptibility for the mammal to developing the pre-selected disease.

[0010] In another aspect of the invention there is provided an apparatus for assessing susceptibility of a mammal,
free of a preselected disease, for developing a pre-selected disease, comprising:

a) holder means for holding and immobilizing an anatomical part of a mammal containing tissue to be optically probed;
b) light source means for illuminating a volume of selected tissue of a mammal with light having wavelengths covering
a pre-selected spectral range;
c) detection means for detecting light transmitted through, or reflected from, said volume of selected tissue;
d) computer control means connected to said detection means for producing a spectrum of said detected light from
an output of said detection mean, the computer control means including processing means for representing the
spectrum of detected light by a set of basis spectral components, an error term, and an associated scalar coefficient
for each spectral component in said set, the set of basis spectral components including at least one basis spectral
component, the associated scalar coefficient for each basis spectral component being calculated by minimizing the
error term, the processing means includes means for correlating the associated scalar coefficient for each basis
spectral component with a pre-selected property of the selected tissue known to be indicative of susceptibility of the
disease-free tissue for the pre-selected disease to obtain the susceptibility for the mammal to developing the pre-
selected disease, the computer control means including display means for displaying the susceptibility.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The method and apparatus constructed in accordance with the present invention will now be described, by
way of example only, reference being had to the accompanying drawings, in which:

Figure 1 shows the block diagram of one possible embodiment of an apparatus produced in accordance with the
present invention;
Figure 2 show a reconstruction of an experimentally obtained optical transillumination spectrum by a linear combi-
nation of either only the first two or four principle components.
Figure 3 shows an example of a typical set of measurements comprised of eight spectra from a volunteer representing
the four quadrant of the breast on either side of the bilateral organ;
Figure 4 shows the correlation of the t1 and t2 scores from the spectra that were repeatedly measured resulting in
a regression slope and correlation coefficient close to unity;
Figure 5 showing the first 4 components obtained from the PCA following data pre-processing which included
thickness and transfer function correction, note that component 2 show inverse absorption for the lipid and water
peaks respectively;
Figure 6 shows the resulting weights or loading factors t1 vs. t2 for the first 2 principle components for thickness
and transfer function correction as pre-processing option, square and rhombus symbols represent high and low
breast density subjects, respectively;
Figure 7 shows the first four components obtained from the PCA following data pre-processing which includes only
transfer function correction;
Figure 8 shows the resulting weights or loading factors t1 vs. t2 for the first two principle components using transfer
function correction as only pre-processing option, square and rhombus symbols represent high and low breast
density subjects, respectively;
Figure 9 shows the first 4 components obtained from the PCA following data pre-processing which includes thickness
and transfer function correction followed by autoscaling of the data;
Figure 10 shows the resulting weights or loading factors t1 vs. t2 for the first 2 principle components using thickness
and transfer function correction followed by autoscaling of the data, square and rhombus symbols represent high
and low breast density subjects, respectively;
Figure 11 assigns physical meaning to the four quadrants in the t1 vs. t2 plots, shown here for thickness and transfer
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function corrected and autoscaled data
Figure 12 shows an identification of spectra form low and high density breast tissue within a 3D plot of t1 vs. t2 and
t3 using thickness and transfer function correction as pre-processing options;
Figure 13 shows the predicted % parenchymal tissue density based on PLS analysis of the optical transillumination
spectra versus percent density according computer assisted analysis of the mammograms, solid symbols refer to
the training set and open symbols to the validation set;
Figure 14 shows spectrally resolved transillumination and reflectance measurements are obtained by the used of
one of more appropriate VIS/NIR light sources and opto-electronic detector systems measuring the surface proximal
volume layer and the total volume separately; and
Figure 15 shows an example of a three wavelength frequency domain system to determine the differential path-
length factor of photons traversing tissue.

DETAILED DESCRIPTION OF THE INVENTION

[0012] Referring to Figure 1 shows an apparatus 10 used in the present invention comprises a light source 12, waveband
selection devices, delivery optical fibre 14, tissue support 16, collection optical fibre bundle 18, wavelength dispersing
element, opto-electronic detector 20 and CPU 22. Spectra can be corrected for the wavelength dependent transfer
function of the instrument and the physical interoptode distance. It will be understood that this is not required as it can
also be convoluted into the numerical correlation analysis. Additionally, the optical fibre 14, the tissue support and the
optical fibre bundle is optional. The wavelength selective device can be either prior to or post the interrogated tissue.
[0013] For use in studies related to breast tissue, the light source 12 was a 12 Watt halogen lamp (Welch Allyn) with
stabilized power supply serving as a broadband light source. The ultraviolet to green and mid infrared radiation were
eliminated using a cut-off filter (at 500 nm) and a heat filter, respectively. The remaining light was coupled into a 5mm
diameter liquid light guide, which served as the source fiber in contact with the skin on the top of the breast. A total power
of 0.25 Watt, covering the 550 - 1300 nm bandwidth, was delivered to the skin surface. The holder of the source fiber
and the plate in which the detector fiber was embedded were made of black plastic to absorb reemitted photons . The
source fiber was in firm contact with the tissue and slightly compressed it by 5mm. The source and detector fibers
(optodes) were held coaxially, pointing towards each other, via a custom-made calliper attached to the resting platform.
The calliper allowed the measurement of the inter-optode distance (cm) and hence, the physical thickness of the inter-
rogated tissue. Transmitted light was collected via a custom-made 7 mm diameter fiber bundle (P&P Optical Kitchener,
Ontario, Canada). Wavelength resolved detection in the visible-near infrared was achieved using a holographic transil-
lumination grating (15.7 rules/mm blazed at 850 nm) (Kaiser, California, USA) and a 2D, cryogenically-cooled silicon
CCD (Photometrics, New Jersey, USA) at a spectral resolution of less than 3 nm between 625 nm and 1060 nm. This
spectral resolution was achieved by positioning a 0.5 mm slit between the distal end of the collection fiber and the spectral
grating. The peak quantum efficiency (>0.8) of the detector was at 780 nm, falling to 0.2 at 1100 nm. By imaging the
entrance slit of the spectrograph onto the 2D CCD, 50 rows of pixels were effectively exposed to detected light, thus
increasing the dynamic range of the electronic detection by up to 50 times. To minimized background noise, cryogenic
cooling reduces the dark counts to ∼0.06 electrons per hour. Further noise reduction was achieved using exposure times
of 2-3 seconds and averaging up to five scans. The system’s dynamic range was >5 OD (optical densities) with a signal-
to-noise ratio of >104 at peak sensitivity and >10 across the remaining bandwidth of the system.
[0014] In order to collect the transmitted light emerging from the tissue, a wavelength dispersing medium (in the
preferred embodiment a grating) for the various wavelength ranges use, if present, and an opto-electronic detector, here
a Si based (0.65 Pm to 1.5 Pm) photodiode array (PDAs) are used. The PDA’s information is transferred directly or
delayed to the computer containing a numerical analysis program to quantify the disease risk using a previously trained
algorithm. The correlation between spectral data and disease risk is based on the spectral attenuation, through photon
absorption and scattering, only. The particular disease risk assessment system comprises in its current version a con-
tinuous optical spectrum with wavelength in the 550 nm to 1000 nm range.
[0015] Different embodiments of the apparatus may include an InGaAs based (0.9 Pm to 1.7 Pm), or equivalent opto-
electronic detector to cover also the longer wavelength range which is transmitted through tissue, or can comprise also
only various wavelengths or wavelength bands within the VIS/NIR range, such as attainable with filters of direct emission
devices with limited bandwidth such as laser, LED or similar.
[0016] In another embodiment of the apparatus there is included at least a single (whereas three is preferred) wave-
length, frequency domain transillumination system, spanning most of the steady state wavelength range for transillumi-
nation. In one non-limiting embodiment the three wavelengths may be 785, 808, 905 nm. The lasers in the frequency
domain system need to be modulated between 10 to 400 MHz (215MHz in the present system) to obtain a good phase
shift resolution for 5 cm physical pathlength between delivery and detection optode. The system should provide a phase
shift resolution of better than 2°. The lasers used here provide ∼200 mW average power at the distal end of the delivery
fibers in contact with the patient. Intensity modulation is achieved by modulating the driving current of the lasers via a
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biased-T, a method to recapture the transmitted light and guide it to the PMT with fast time response, a preamplifier
filtered to the appropriate modulation frequency, a lock-in detection to quantify the demodulation and the phase shift
compared to a standard either from the laser driver current or a portion of the light prior to entering the tissue, and a
data transfer system to a computer to translate the phase shift and demodulation data into a differential path length
factor and scattering coefficient. In frequency domain measurements various modi operandi can be employed one being
heterodyne detection technique, which can use also very lower power lasers. Other methods to quantify the optical
pathlength are described (10, 11) and include time resolved detection or time resolved single photon detection.
[0017] The ability to quantify disease risk and hence the population members at risk can be increased through additional
measurements such as skin reflectance measurements to be able to subtract the skin contribution to the optical transil-
lumination spectrum, so clearly this information may not be required. Depending on the part of the body being diagnosed
additional components such as anatomical supports may be included, for example if the breasts are being studied, a
support stand for the breast, and a holder for the liquid light guide and optical fibres for light delivery, and a random fibre
bundle for light collection. The latter may be a trifurcated fibre bundle to deliver transmitted photons to the PMT (frequency
domain measurements), Si-based and InGaAs-based PDAs respectively. Again these are to a large extent optional, for
example one can envision a cup like device which holds the sources and detectors in direct contact with the tissue. A
means to measure the angle and distance between the delivery and detection optodes equivalent to the physical tissue
thickness or in the case of a reflectance measurement the interoptode distance as the latter will determine the tissue
depth most likely interrogated by the photons. It is noted that the inventors have shown some correlation and predictive
abilities with thickness correction of the data. Software to extract spectral absorption and light scattering features to
quantify the risk for a specific disease is loaded onto the CPU. Software was trained using data from clinical studies
providing the optical spectra and an independent measure of the risk as discussed hereinafter.
[0018] In order to correct for variations in the wavelength dependent signal transfer function of the system, all transil-
lumination spectra were referenced to a daily collected transmission standard made of 1 cm thick, ultra-high density
polyurethane (Gigahertz Optics, Munich, Germany). All measured spectra are thus given as wavelength dependent (rel
OD). This referencing to a known standard yields a universal applicable dataset and hence the subsequent developed
mathematical models correlating transillumination spectra with risk will also become universally valid, that is independent
of the actual instrument used to collect the data.
[0019] The spectral volume measurements can be augmented by adding extended long wavelength (comprising the
NIR range transmitted through tissue, e.g. up to 1.7 Pm) and frequency domain measurements. The former providing
more information about vibrational bands of the biomolecules in the interrogated volume. The latter enables by using a
limited number of wavelengths (3 or more), to determine the differential pathlength factors of the tissue (6). Combining
this with the transillumination spectra allows one to obtain absolute absorption spectra and subsequently derivation of
the contributions of various chromophores responsible for the absorption spectra measured providing additional infor-
mation for the identification of the population at risk and also insight into the molecular changes associated with or
resulting from the tissue transformation.

ANALYSIS OF REFLECTANCE OR TRANSILLUMINATION OPTICAL DATA FOR ASSESSMENT OF DISEASE 
RISK

[0020] The following describes four nonlimiting examples of mathematical modelling techniques capable of establishing
a correlation between the optical spectra and a particular outcome, in the present case risk of disease. This is not a
complete or comprehensive list of all the methods available which may be used and other methods such as hybrid linear
analysis (12) are available and persons skilled in this type of analysis can identify other methods. These spectral analysis
techniques have been used extensively in chemometrics field to solve for the concentration of a constituent of interest
without knowing the spectra of all constituents present in a chemical sample (13) or where multiple chemicals of interest
have overlapping spectra, (14). These analysis techniques construct models that identify the variance within the spectral
data set or, when trained with a known range of concentrations, can identify the variance that is relevant to the constituent
(s) of interest. Through training the model derives component spectra that resemble the constituent spectra within the
sample, and can later be used to predict the concentrations of constituents from new sample spectra. However, these
component spectra may not have direct physical meaning but can represent the spectral features of the pure constituent
spectra.
[0021] In the case of breast cancer which is exemplified hereinafter, it has been shown by Thompson and Tatman (9)
that the tissue composition will change slowly as the breast is undergoing sequential changes towards dysplasia, car-
cinoma in situ and then invasive cancer, often involving or resulting in concentration change of different optically (light
absorption or fluorescence) active molecules and/or structures (light scattering).
[0022] In the specific case of breast cancer the idea is based on the fact that the same structures and chemicals, that
give rise to the x-ray attenuation, the current (gold) standard for breast cancer risk assessment, will also result in changes
in the transillumination spectra. These changes will be evident in the attenuation and/or scattering of the visible/NIR light
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due to different contributions of the optically active molecules. Correlation between the x-ray mammography and the
spectral transillumination information can be established and quantified by a variety of different numerical methods,
among which are principal component analysis or linear discriminate analysis when the breast density based on mam-
mographic analysis is provided as classification (nominal data) or using partial least squares or principle component
regression when the mammographic analysis is provided as % dense tissue (interval data). Besides x-ray mammographic
analysis, other methods which may be used to obtain the parenchymal breast tissue density may include ultrasound,
computed tomography, cone beam computed tomography, electrical impedance spectroscopy and magnetic resonance
imaging.

Principal Component Analysis (PCA) and Linear Discriminant Analysis (LDA)

[0023] PCA is optimized for comparison of vectors with nominal data, in this case correlating spectra to the density
classification, thereby making use of the complete spectral information while reducing the dataset size. For this, PCA
determines the amount of variance within the test group of spectra and uses it to iteratively reduce the dataset to
representative spectra, called components. The spectral data are represented by a smaller number of vectors in a lower
dimensional space while still including the maximum amount of variance within the data set. (15). This is accomplished
by solving for the covariance or correlation matrix of the data matrix X (m x n) comprised of the dataset of all spectra
obtained (n) and the spectral range monitored (m), such that: 

PCA decomposes the data matrix X as the sum of the outer products of the vectors ti and pi and a residual matrix E:

or 

Where the elements of the ti (n x 1) vectors are the scores that contain information on how the spectra relate to each
other, and the pi vectors (mx1) or components are the eigenvectors of the covariance matrix and show how the selected
variance relates to each other. The components pi are eigenvectors of the covariance matrix, so that 

where λ i is the eigenvalue associated with the eigenvector p i. Also for any X and ti and pi pair X p i = t i, (i.e. the score
vector t i is the linear combination or representation of the original X defined by p i). It is generally found that data can
be described in fewer components pi than original variables (m) and that the components can be combinations of
variables that are useful descriptions of particular constituents in the tissue. As stated above, the shape of the useful
components will be a combination of spectral signatures of chromophores that vary with tissue density. Scores (elements
of t i) that differentiate between tissue densities identify useful components (pi).
[0024] The scores (elements of t i) can be graphically plotted against one another to show any potential clustering of
spectra that are related. In this study PCA was calculated on the test set (2/3 of available spectra) and the same
mathematical model, e.g. retaining the pi was used to predict the scores t i on the validation set (1/3 spectra).
[0025] Linear Discriminant Analysis (LDA) was used on the PCA scores to enhance the differentiation between the
two extreme nominal categories (low vs high density). LDA finds a discriminant rule for defined groups within the dataset.
It is based on drawing the boundary halfway between the means on a pair wise basis (adjusted slightly if there is some
prior probability of group identity). It calculates the discriminant rule by computing optimizing factors (criterion j) that are
based on the covariance matrix of the given groups. The targets that are used for training identify the density category
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group (16)

Where j is the particular group and S b is the between class variance defined by 

In this study, the LDA algorithm was trained using the training dataset by leaving one spectrum out during each training
run and then predicting it’s tissue density group. The rest of the spectra from the validation set were then classified using
the trained model. The LDA scores can also be plotted in a similar cluster diagram as the PCA scores (16) Table 1
shows the key differences between PCA and LDA.
[0026] Statistical significance for the PCA and LDA prediction was established using measures similar to sensitivity
and specificity values commonly used to evaluate the validity of diagnostic tests. As transillumination is currently envi-
sioned as a method for identifying those women with high tissue density within the entire population, increased HDM is
preferable over increased LDM. Consequently, a high density measure (HDM) was used to assess the quality of the
prediction model. HDM was defined as the ratio of those women that were predicted to have high density tissue with
the optical transillumination method to those who were categorized as having high tissue density by the Radiologist.
Conversely, the low density measure (LDM) is a measure of the ability to correctly identify those spectra that do not
have high density.

[0027] Figure 2 shows a reconstruction of an experimentally obtained spectrum by either only two or four principle
components. Principal Component Regression and Partial Least Squares Analysis
[0028] PCR and PLS are analysis techniques are optimized for comparison of vector inputs with interval target data.
For this case the spectra are compared to the percent density readings. Statistical significance was established using
the Pearson correlation coefficient as well as the slope and intercept of the regression line. Both PCR and PLS analysis
require training and perform regression analysis on the dataset, but use different types of variance identification to predict
the target variable, in this study the percent density read from the mammogram, see Table 2.
[0029] As a first attempt for solving for a concentration of a constituent, Inverse Least Squares analysis has been
used for well behaved data, where spectral features are not overlapped and predictions of the constituent is not effected
by collinearity problems with other constituents in the sample. Here Y is defined as: 

Table 1: Properties of Principal Component Analysis and Linear Discriminant Analysis.

PCA LDA

Input data Spectral vector Requires PCA scores as input

Result space size e.g. classifications Undefined since # of PC’s is 
undefined

Defined by training procedures

Data reduction Vector->scalar Scalar->scalar

Training or Density readings needed No Yes

Presentation of output data Relationship of scalars by cluster 
analysis

Relationship of scalars by categories 
or cluster analysis

What variance is used Those captured in principal 
components

The variance between the defined 
groups

Additional output information Component vectors contain physical 
meaning

Discriminant rule no apparent 
physical meaning
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Where b is the regression vector that is found by solving for the pseudoinverse of X. This cannot be used here since all
the spectral features contributing to the spectral shape and that lead to density prediction are not defined so there could
be collinearity problems.
[0030] Principle Component Regression calculates principal components in a similar manner to Principal Component
Analysis and then performs regression analysis of the scores matrix with the known targets or tissue densities from the
training set. It does this by solving the following equation 

where 

which is similar for Inverse Least Squares analysis above in equation 7, except that X = PTT. The regression vector b
is the least squares solution for T, where T are scores from the PCA and T is a (n x k) matrix, where n is the number of
spectra and k is the number of factors used in the model. Y is the (n x 1) vector of targets, in this case percent density
of the region of interest of the mammogram (17).
[0031] For Partial Least Squares Analysis, the basis vectors or latent variables (equivalent to the principal components)
are extracted using the related targets, such as percent density, by solving equation 7 and relating b to the targets
directly by solving: 

where W is a weighting vector that relates the target set (prediction values) with the variance in the dataset during the
decomposition into factors. This allows the PLS algorithm to solve for components that are correlated with the targets
(Y) while describing a large amount of the variation in X. (17) For a more detailed explanation please see Kowalski BR
and Geladi P (1986),(17) Wise BM (2000),(15) and Haaland DM and Thomas EV (1988). (14)
[0032] With both PCR and PLS only a single regression vector b is used in subsequent predictions of spectra. This b
vector is selected by calculating the predicted residual error sum of squares (PRESS) value for each bi using the training
set. The chosen b vector has the fewest number of iterations (lowest value of i) and the lowest PRESS value when the
training set is used to establish the model.

[0033] In this study the PRESS values were calculated for both PCR and PLS for the training sets, using the built-in
cross-validation function in Matlab 6.0 PLS toolbox. The b vector with the lowest PRESS value was selected. The training
set was randomized and split into four sections, the respective algorithms were then trained by a Venetian blind method
with four repeats. The subsequent b vectors were then averaged and used to predict the tissue density for entire training
set and subsequently the validation set.
[0034] The method disclosed herein will now be described with a nonlimiting example of study in breast tissue.

Table 2: Properties of Principal Component Regression and Partial Least Squares Analysis.

PCR PLS

Inputs Density (targets) and spectra for a 
training set

Density (targets) and spectra for a 
training set

Data reduction No No

Density readings needed For each spectrum in training set For each spectrum in training set

Presentation of output data Estimated percent density Estimated percent density

What variance is used Those captured in principal components The variance that matches the targets

Additional output info b vector b vector
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EXAMPLE

BREAST TISSUE TRANSILLUMINATION STUDY

[0035] Transillumination spectroscopy measurements were taken in a dark room with the volunteer seated comfortably,
and the breast resting on a horizontal support (Figure 1). Total data acquisition time was approximately 15 minutes
allowing measurements at all 8 positions and necessary repositioning of the optodes. There was little discomfort to the
volunteers due to point compression of the breast by the source optode.
[0036] Figure 3 shows an example of a typical set of measurements comprised of eight spectra from the volunteer.
Spectra from the respective bilateral positions of the breast show symmetry, as expected in women with healthy breast
tissue. In previous studies, this criterion of spectral symmetry in the same position of both breasts was used, by Egan
and Dolan, to indicate absence of breast cancer in the examined areas (8). The reproducibility of the optical transillu-
mination measurements within one visit was analyzed by recruiting a volunteer to undergo multiple procedures.
[0037] A total of 8 spectra were collected per volunteer representing the four quadrants (medial, distal, lateral and
central) of both breasts. These spectra can be further pre-processed by correcting for tissue thickness (OD/cm) and/or
auto-scaling prior to development and testing of the mathematical models used to then correlate with tissue density. In
general for Principal Component Analysis and similar models, scaling is used if the input variables have different units
or if there are large deviations in some input variables compared to other variables within the data set.
[0038] For auto-scaling, the data was mean-centered, where the mean optical density value of the data set at each
wavelength was subtracted from all spectra, and scaled to one unit variance by dividing all the values at each wavelength
by the standard deviation for that wavelength. This was applied only to the training set data for PCA models developed,
whereas scaling of the validation set the previous obtained mean and standard deviation vectors were used. See Table
3 for pre-processing options used for the interpretation of the spectral data set.

[0039] A detailed example of establishing a correlation between optical spectra and disease risk follows for the example
of PCA. It is generally found that data can be described in fewer components pi than original variables (m=436 wavelength
elements) and that the components can be combinations of variables that are useful descriptions of particular constituents
in the tissue. As stated above, the shape of the useful components will be a combination of spectral signatures of
chromophores that vary with tissue density. Scores (elements of ti) that differentiate between tissue densities identify
useful components (p i).The scores (elements of t i) can be graphically plotted against one another to show any potential
clustering of spectra that are related. Here the PCA algorithm was trained one a test set (n=544 spectra) and the same
mathematical model, i.e. retaining the pi, was used to predict the scores ti on the validation set (n=192 spectra).
[0040] Statistical significance for the PCA prediction was established using high density measure (HDM) as it is
preferable over increased low density measure (LDM) both are similar to sensitivity and specificity. As transillumination
is envisioned as a method for identifying women with high tissue density within the entire population, improved HDM is
desired.
[0041] Consequently, HDM was used to assess the quality of the prediction model defined as the ratio of women
predicted to have high density tissue to those who were categorized as having high tissue density by the radiologist.
LDM is a measure of the ability to correctly identify those spectra that do not have high density.
[0042] Figure 4 shows the correlation of the t1 and t2 scores from the spectra that were repeatedly measured. Figure
4 also shows acceptable reproducibility with slopes of the regression and the R2 values close to one. There is a spread
in the component scores (t1 and t2), but there is a clustering of the position related data.
[0043] Figure 5 shows the principal components (pi) from the PCA using n = 544 spectra (thickness and transfer
function corrected) obtained to date. These first four components contain 97.6 %, 1.2 %, 0.6 % and 0.3 % of the variance
in the total data set, respectively, for a combined total of 99.8% of the variance. The cluster plot of the scores for t1 and
t2 is shown in Figure 6. This plot illustrates discrimination of the breast tissue areas across a diagonal line in the t1 vs.
t2 space.
[0044] Non-thickness corrected spectra were used to determine the effect of thickness on the robustness of the PCA

Table 3. Pre-processing techniques of the spectral dataset and a reference number used in future sections.

Pre-processing of Dataset

Transfer function corrected I

Thickness and transfer function corrected II

Autoscaled and transfer function corrected III

Autoscaled and thickness and transfer function corrected IV



EP 1 448 092 B1

10

5

10

15

20

25

30

35

40

45

50

55

model prediction. The component spectra for p1-p4 are very similar to the thickness-corrected component plot; see
Figures 5 and 7 respectively. The t1 vs. t2 plot, Figure 8, for this data shows discrimination as a function of t2 only.
Similarly component spectra can be seen in Figure 9 for thickness and transfer function corrected data that were addi-
tionally autoscaled, with the t1 vs. t2 cluster plot shown in Figure 10. The scores for both t1 and t2 are centered on zero
as expected but show similar clusters as Figure 8.
[0045] HDM and LDM were determined to compare which spectral pre-processing option best differentiates the high
and low density spectra in cluster plots according to Figure 6, 8 and 10. HDM and LDM data shown in the Table 4 were
calculated from the same training and validation data sets separately.

[0046] Autoscaling removes some spectral information since the mean spectrum is wavelength dependent. As the
spectral features contributing to the discrimination between high and low breast density or risk are unknown, losing
spectral information is very unwise. This is reflected in a reduced HDM and LDM as seen in Table 4 for pre-processing
option III and IV.
[0047] The scores t1 and t2 resulting from thickness corrected and non - corrected component spectra demonstrated
that it is possible to differentiate between the subjects having low or high breast tissue density subjects (Figures 8 and 10).
While mathematical models derived for thickness or non-thickness corrected optical spectra differentiate high and low
breast tissue densities, their t1 vs. t2 cluster plots differ. One explanation for the difference in the thickness corrected
vs. non-corrected cluster plots is the effect of the physical tissue thickness on the overall variance within the spectral
data set and therefore the determination of the components by the PCA algorithm. Thickness of the tissue contributes
non-uniformly to individual spectra as larger breasts tend to contain more fatty tissue.
[0048] In the model of the data that was not thickness corrected, p1 did not differentiate between high and low density
tissue. This can also be seen in the magnitude of the t1 in Figure 5 versus the non-thickness corrected component
spectra in Figure 7. This indicates that the thickness values contribute to the magnitude of p1 masking other contributions
that do differentiate between tissue densities, such as light scattering. This leaves t2 as the only component to preserve
information to distinguish the density of the breast.
[0049] When comparing the autoscaled versus non-autoscaled data, there were minimal changes in the principal
component spectra and minor differences in HDM and LDM values, see Figures 6 and 10 and Table 4. Autoscaling as
part of the pre-processing can degrade regions with flat or extreme spectral variation.(14) In this case, degraded spectral
features could include regions of the spectrum with minimal wavelength dependence and hence a first derivative close
to zero. For example, the haemoglobin inflection points are more pronounced in the non-autoscaled data than in the
autoscaled components. Conversely, the large spectral features of water and lipids are large compared to other structures
in the spectra, but are less pronounced after autoscaling. In this study, the only differences in the HDM values are in
the training set with the non-autoscaled data having almost 2% higher scores for both HDM and LDM.
[0050] Principal components can reveal particular regions of the spectrum that represent important physical properties
or entities within the tissue that contribute to differentiation. Component spectra 1 (p1) and 2 (p2) are the most important
cover the highest amount of variance in the data set. While components 3 and 4 have similar or inverse shape as
component 2 they take less variance into account.
[0051] Principal component 1 (p1) has a small dependence on wavelength and has negative values in each prepared
model. The spectrally flat characteristics resulting from thickness corrected spectra can be attributed to attenuation due
to absorption, scattering, and, therefore optical pathlength and losses at the tissue boundary. The surprisingly flat spectral
shape of the scattering contribution is due to the derivation of OD used here, based on the wavelength dependent transfer
function calibration by a polyurethane block which exhibits also high Mie scattering, e.g. Mie scattering is present in the

Table 4: HDM and LDM of Principal Component Analysis results for test and validation set measurements.

Pre-processing of Dataset
Test set Validation Set

HDM LDM HDM LDM

Transfer function corrected 
(Figure 8)

I 85 % 97.0% 88 % 90 %

Thickness and transfer function 
corrected (Figure 6)

II 88 % 93 % 93 % 89 %

Autoscaled - transfer function 
corrected (data not shown)

III 86% 94 % 90 % 86%

Autoscaled - thickness and 
transfer function corrected 

(Figure 10)
IV 87 % 92% 93 % 90%
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spectrum and hence cancels itself out. We propose that p1 carries optical pathlength information despite not showing
the typical λ-1 dependency, (18) but contains information to determine breast density through the overall scattering
power. Low density tissue spectra have a reduced amount of scattering compared to high density tissue, and, therefore,
higher values of t1 in Figures 8 and 10. This relationship in scattering properties is also seen in the scattering coefficient
data by Peters et al. (19) and Troy et al. (20) supporting this interpretation of the first principal component.
[0052] The other component enabling differentiation between low and high tissue densities p2, has a more complex
shape when compared to p1. The most important spectral features in the component are the lipid with inverse water
peaks present at 930 nm and 980 nm, respectively. When t2 values are positive, the lipid peak is the dominant spectral
feature as anticipated for fatty or low density tissue. Spectra from the high density tissue have negative t2 values and
water absorption becomes the dominant structure in the component spectrum. Graham et al. (21) also observed this
relationship between water and density values when using MRI to quantify percent density. In their study the water
content of the tissue was measured directly and showed good correlation to percent tissue density (r = 0.79). (21)
[0053] Spectral feature contributions by haemoglobin can be seen between 625 and 850 nm within p2 where the
negative slope and inflection points of the haemoglobin curve are apparent. Dense breast tissue has large negative
scores (t2) compared to the low density tissue. Haemoglobin contributes to the variance in p2, with elevated contribution
of blood related absorption for high water absorption seen in the higher density tissue. This simultaneous appearance
of water and haemoglobin absorption can be explained physiologically, as tissues with higher water content and hence
cellular content, require improved vascular supply and, thereby, increased blood volume. (22) Since positive t2 scores
are related to low tissue density and positive t1 scores are related to low tissue scatter, the cluster plot of t1 and t2 can
be divided into quadrants as shown in Figure 11, highlighting the relationship between the spectral features and the
known physical attributes of the breast tissue.
[0054] Even though p3 and p4 did not show differentiation between high and low density tissue by themselves in a 2-
dimensional plot like p1 and p2, areas of the component spectra can be interpreted. Additionally p3 shows a lipid
absorption peak, but water and hemoglobin absorption are almost absent additionally the lipid peak is shifted towards
longer wavelength, so the reason therefore is unknown. p4 shows influence from the hemoglobin, with the same slope
but inverse inflection points to p2. Even though differences in the amplitude and general shape of the curves are minimal
when compared to p2 the magnitude of the scores t3 and t4 are much smaller than that of the first two components.
One cannot exclude specifically p4 as a third contributor to increase HDM and LDM when using a three dimensional
analysis as suggested in figure 12.
[0055] Figure 13 shows an example of representing the parenchymal tissue density on an interval scale (% dense
area in the mammogram) rather than a nominal scale (low, medium, high density). The % dense area can be determined
using a computer assisted imaging program by a trained observer such as for example a radiologist. In the case presented
here no trained person was utilized and hence the percent density from the mammograms contained a large error in the
repeat measure which ultimately limits the accuracy of the presented correlation. However, it serves to indicate that the
variance reduction programs employed are capable of providing a single integer number to the physician monitoring his
patients’ health.
[0056] The results disclosed herein show that In vivo optical transillumination spectroscopy is a technically feasible
method and capable of predicting breast tissue densities with acceptable correlation to mammographic densities as an
indirect method of cancer risk assessment. Thus, transillumination spectroscopy may offer a novel "first step" in the risk
assessment of healthy women regardless of menstrual cycle, age, ethnic background or menopausal status as the data
here was not stratified by either event.
[0057] HDM and LDM values close to or above 90 % are encouraging to distinguish between low and high density
tissues. These HDM and LDM values are higher compared with other physical examinations, such as ultrasound (23)
and magnetic resonance imaging, (21) reported to be between 70-80 %.
[0058] Optical transillumination spectroscopy offers the potential of a real-time and cost-effective method compared
with ultrasound and has the ability to quantify a large range of tissue densities for breasts that are up to 6 cm in thickness.
An added advantage of transillumination spectroscopy over ultrasound and MRI is the fact that results are derived from
preset mathematical models and, hence, no additional highly trained personnel are required for assessment. This reduces
the overall cost to the healthcare system for this risk-assessment technique. A painless procedure and the inherent
safety of this method will likely contribute to a high compliance rate.
[0059] X-ray mammography uses ionizing radiation and is considered unacceptable as a tool to assess breast density
for women less than forty years of age and for frequent measurement. However, transillumination spectroscopy is safe
for women of all ages. This allows risk assessment to commence at a much younger age when the life style and diet
are perhaps easier to influence have more time to exert their beneficial effects to reduce the risk and could ultimately
lead to reduced incidence rates.
[0060] While optical transillumination spectroscopy is a promising tool to monitor the effectiveness of chemopreventive,
dietary or lifestyle studies for the reduction of breast cancer risk, its ability to detect physical changes over a period of
time in the breast tissue of a given individual needs to be demonstrated in a prospective longitudinal study.
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[0061] The predictive value of optical spectroscopy for disease susceptibility quantification can be increased through
additional measurements which can include extending the optical waveband, obtain optical information of interrogated
tissue not contributing to the disease risk and obtaining information separately for light scattering.
[0062] The first option includes the use of wavelength up to 1.7 Pm which contain among others additional water and
lipid absorption bands using an InGaAs based opto-electronic detector or an equivalent system. This is particular of
interest for large tissue volumes. If the optically interrogated tissue volume is small, that is in the range of several mm3,
the short wavelength band using light of approximately 360 nm to 600 nm may provide the relevant information.
[0063] For the second option, using a combined transmittance and reflectance measurement as shown in Figure 14
enables collection of the optical information related to the superficial tissue, here skin, separately through the reflectance
technique, whereas the transillumination spectroscopy contain information about the superficial and deep tissue.
[0064] As described above frequency or time domain reflectance and transillumination measurements can provide
an effective optical path length through phase shift or lifetime measurements. The optical path length relative to the
physical path length between the optodes is related to the light scattering power of the tissue. Figure 15 shows an
example of an embodiment of a system comprised of three diode lasers to measure the breast tissue light scattering
power. The remaining part of the spectrum can be interpolated as shown in the paper by Cerussi et al (24).
[0065] The present method and apparatus disclosed herein has been exemplified using breast cancer as the disease
of interest which involves correlating the associated scalar coefficient of the basis spectral component(s) with the pre-
selected property of parenchymal breast tissue density known to be indicative of susceptibility of breast tissue for breast
cancer.
[0066] It will however be understood that this invention is not restricted to use in assessing risk for breast cancer but
many other diseases as well. For example, the method disclosed herein is contemplated to be applicable for correlating
optical information of other mammalian tissue with risk factors associated with diseases such as neurodegenerative
diseases including Multiple Sclerosis, Alzheimer’s and Parkinson’s diseases; oncology including, prostate, rectal and
testicular cancers, autoimmune diseases including Sinustisus, rheumatoid arthritis, and Chron’s disease. In each case
the relevant tissues are optically sampled and the basis spectral component(s) are obtained using other techniques
such as ultrasound, X-ray analysis, magnetic resonance imaging, potential molecular markers indicating initial changes
in the tissue, or epidemiologically derived questionnaires proven to correlate with the disease of interest as just a couple
of examples. The present invention is applicable to mammals in general and is not restricted to humans.
[0067] As used herein, the terms "comprises", "comprising", "includes" and "including" are to be construed as being
inclusive and open ended, and not exclusive. Specifically, when used in this specification including claims, the terms
"comprises", "comprising", "includes" and "including" and variations thereof mean the specified features, steps or com-
ponents are included. These terms are not to be interpreted to exclude the presence of other features, steps or compo-
nents.
[0068] The foregoing description of the preferred embodiments of the invention has been presented to illustrate the
principles of the invention and not to limit the invention to the particular embodiment illustrated. It is intended that the
scope of the invention be defined by all of the embodiments encompassed within the following claims.
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Claims

1. A method for assessing susceptibility of a mammal, free of a pre-selected disease for developing said pre-selected
disease, comprising:

a) illuminating a volume of selected disease-free tissue of a mammal with light having wavelengths covering a
pre-selected spectral range;
b) detecting light transmitted through, or reflected from, said volume of selected disease-free tissue, and obtaining
a spectrum of said detected light;
c) representing the spectrum of detected light by a set of basis spectral components, an error term, and an
associated scalar coefficient for each basis spectral component in said set, the set of basis spectral components
including at least one basis spectral component, the associated scalar coefficient for each basis spectral com-
ponent being calculated by minimizing the error term; and
d) correlating the associated scalar coefficient for each basis spectral component with a pre-selected property
of the selected tissue known to be indicative of susceptibility of the disease-free tissue for the pre-selected
disease to obtain the susceptibility for the mammal to developing the pre-selected disease.

2. The method according to claim 1 wherein the set of basis spectral components is obtained by the steps of
obtaining a range of values of the pre-selected property from a population cross section which is representative of
the mammalian population at large, but who are not expressing the pre-selected disease;
in each mammalian member of said population cross section obtaining at least one spectrum by illuminating a
volume of selected tissue with light having wavelengths covering the pre-selected spectral range, and detecting
light transmitted through, or reflected from, said volume of selected tissue;
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extracting common spectral elements from the at least one spectrum of each member of said population cross
section and producing at least one set of component spectra from the extracted common spectral elements, the at
least one set of component spectra including at least one component spectra;
identifying a set of component spectra which gives the highest predictive value for the pre-selected property of the
selected tissue known to be indicative of susceptibility for the pre-selected disease; and
using said set of component spectra which gives the highest predictive value for the pre-selected property of the
selected tissue known to be indicative of susceptibility for the pre-selected disease as the set of basis spectral
components in step c) of claim 1.

3. The method according to claim 1 or claim 2 wherein the step of extracting common spectral elements from the at
least one spectrum of each member of said population cross section and producing at least one set of component
spectra from the extracted common spectral elements includes using one of Principle Component Analysis, Partial
Least Squares and Principle Component Regression.

4. The method according to any preceding claim wherein the step of calculating the associated scalar coefficient by
minimizing the error term includes using Chi-square fitting to minimize the error term.

5. The method according to any preceding claim including repeating steps a) to d) inclusively for a particular mammal
periodically over a pre-selected period of the mammal’s lifetime and storing the susceptibilities calculated periodically
to detect a rate of change in susceptibility for increased risk for the pre-selected disease.

6. The method according to any preceding claim wherein said mammal is a post puberty human female, and wherein
the pre-selected disease is breast cancer, and the pre-selected property is parenchymal breast tissue density.

7. The method according to claim 6 wherein the parenchymal breast tissue density is measured by one of x-ray
mammography, ultrasound, computed tomography, cone beam computed tomography, electrical impedance spec-
troscopy and magnetic resonance imaging.

8. The method according to claim 1 wherein the spectrum of said detected light is a continuous spectrum.

9. The method according to any preceding claim wherein the spectrum of said detected light is a discrete spectrum.

10. The method according to any of claims 1 to 8 wherein the step of illuminating a volume of selected tissue of a
mammal with light having wavelengths covering a pre-selected spectral range includes illuminating with broad band
light, discrete wavelengths or wavelength bands.

11. The method according to any preceding claim wherein the steps of illuminating a volume of selected tissue and
detecting light transmitted through, or reflected from, said volume of selected tissue includes adjusting an angle and
a distance between a position on the tissue surface which is illuminated and a position on the tissue surface where
the transmitted or reflected light emanates from which is detected.

12. The method according to any preceding claim wherein said pre-selected disease is selected from the group consisting
of neurodegenerative diseases, oncology based diseases and autoimmune diseases.

13. The method according to claim 12 wherein said neurodegenerative diseases include Multiple Sclerosis, Alzheimer’s
and Parkinson’s disease, and wherein said oncology based diseases include prostate, rectal and testicular cancers,
and wherein said autoimmune diseases include sinustisus, rheumatoid arthritis, and Chron’s disease.

14. The method according to claim 2 wherein the set of basis spectral components includes two or more component
spectra.

15. The method according to claim 1 wherein step d) includes using an effective mathematical variance reduction model
to identify the basis spectral components which through the associated scalar coefficient shows best correlation
with the pre-selected property of the selected tissue known to be indicative of susceptibility of the tissue for the pre-
selected disease.

16. An apparatus for optically assessing susceptibility of a mammal, free of a pre-selected disease, for developing said
pre-selected disease, comprising:
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a) holder means for holding and immobilizing an anatomical part of a mammal containing disease-free tissue
to be optically probed;
b) light source means for illuminating a volume of selected tissue of a mammal with light having wavelengths
covering a pre-selected spectral range;
c) detection means for detecting light transmitted through, or reflected from, said volume of selected disease-
free tissue;
d) computer control means connected to said detection means for producing a spectrum of said detected light
from an output of said detection mean, the computer control means including processing means for representing
the spectrum of detected light by a set of basis spectral components, an error term, and an associated scalar
coefficient for each spectral component in said set, the set of basis spectral components including at least one
basis spectral component, the associated scalar coefficient for each basis spectral component being calculated
by minimizing the error term, the processing means includes means for correlating the associated scalar coef-
ficient for each basis spectral component with a pre-selected property of the selected tissue known to be
indicative of susceptibility of the disease-free tissue for the pre-selected disease to obtain the susceptibility for
the mammal to developing the pre-selected disease, the computer control means including display means for
displaying the susceptibility.

17. The apparatus according to claim 16 wherein the processing means is configured to process the at least one basis
spectral component obtained by the steps of
obtaining a range of values of the pre-selected property from a population cross section which is representative of
the mammalian population at large, but who are not expressing the pre-selected disease;
in each mammalian member of said population cross section obtaining at least one spectrum by illuminating a
volume of selected tissue with light having wavelengths covering the pre-selected spectral range, and detecting
light transmitted through, or reflected from, said volume of selected tissue;
extracting common spectral elements from the at least one spectrum of each member of said population cross
section and producing at least one set of component spectra from the extracted common spectral elements, the at
least one set of component spectra including at least one component spectra;
identifying a set of component spectra which gives the highest predictive value for the pre-selected property of the
selected tissue known to be indicative of susceptibility for the pre-selected disease; and
using said set of component spectra which gives the highest predictive value for the pre-selected property of the
selected tissue known to be indicative of susceptibility for the pre-selected disease as the set of basis spectral
components in claim 16.

18. The apparatus according to claim 16, or claim 17 wherein the light source means includes either one of a white light
source such as a filtered halogen lamp, a series of bandwidth limited light emitting diodes (LEDs), several laser light
sources all emitting within the pre-selected spectral range.

19. The apparatus according to any of claims 16 to 18 wherein the detection means includes either wavelength selective
means in conjunction with a charge coupled device or a photodiode array all for parallel detection of the pre-selected
wavelength band or an avalanche photodiode or point photo detector for sequential detection of the pre-selected
wavelength band.

20. The apparatus according to any of claims 16 to 19 wherein the processing means includes calibration means for
measuring a wavelength dependent instrument transfer function, and wherein said processing means includes
means for removing instrumental affects on the spectrum of detected light.

21. The apparatus according to claim 19 wherein the calibration means for measuring a wavelength dependent instru-
ment transfer function includes a pre-selected volume of material which preferentially scatters light rather than
absorbing light, positioned in place of the pre-selected tissue.

22. The apparatus according to claim 21 wherein the material which preferentially scatters light rather than absorbing
light is comprised of highly density poly-urethane.

23. The apparatus according to any of claims 16 to 22 wherein said detection means is positioned to detect light reflected
from the tissue being illuminated, including means for adjusting the angle and distance between the light source
means and the detection means.

24. The apparatus according to any of claims 16 to 23 wherein the light source means includes a light source and an
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optical fiber with a proximal end positioned to couple light into said optical fiber and a distal end from which light
emanates from the fiber positioned so as to direct light onto the pre-selected tissue.

25. The apparatus according to any of claims 16 to 23 wherein the mammal is a post puberty human female, and wherein
the pre-selected disease is breast cancer, and wherein the holder means includes a breast support including at
least one illumination means and at least one detection means for each breast.

Patentansprüche

1. Verfahren zum Feststellen einer Anfälligkeit eines Säugers, der frei von einer vorbestimmten Krankheit ist, sich
diese vorbestimmte Krankheit zuzuziehen, mit

a) Bestrahlen eines Gewebevolumens eines Säugers, das frei von der vorbestimmten Krankheit ist, mit Licht
mit Wellenlängen, die einen vorbestimmten Spektralbereich abdecken;
b) Erfassen des durch das Gewebevolumen, das frei von der bestimmten Krankheit ist, transmittierten oder von
diesem reflektierten Lichts und Erhalten eines Spektrums des erfassten Lichts;
c) Darstellen des Spektrums des erfassten Lichts durch einen Satz von Basisspektralkomponenten, einen
Fehlerterm und einen zugehörigen Skalarkoeffizienten für jede Basisspektralkomponente in diesem Satz, wobei
der Satz von Basisspektralkomponenten wenigstens eine Basisspektralkomponente enthält, wobei der zuge-
hörige Skalarkoeffizient für jede Basisspektralkomponente durch Minimieren des Fehlerterms berechnet wird;
und
d) Korrelieren des zugehörigen Skalarkoeffizienten für jede Basisspektralkomponente mit einer vorbestimmten
Eigenschaft des ausgewählten Gewebes, von der man weiß, dass sie eine Anfälligkeit des krankheitsfreien
Gewebes für die vorbestimmte Krankheit anzeigt, um die Anfälligkeit des Säugers, sich die vorbestimmte Krank-
heit zuzuziehen, zu erhalten.

2. Verfahren nach Anspruch 1, bei welchem der Satz von Basisspektralkomponenten durch die Schritte erhalten wird:

Erhalten eines Bereichs von Werten der vorbestimmten Eigenschaft aus einem Populationsquerschnitt, der für
die Säugerpopulation insgesamt repräsentativ ist, aber welcher die vorbestimmte Krankheit nicht zeigt;
Erhalten wenigstens eines Spektrums in jedem Säugermitglied des Populationsquerschnitts durch Bestrahlen
eines Volumens eines ausgewählten Gewebes mit Licht mit Wellenlängen, die den vorbestimmten Spektralbe-
reich abdecken, und Erfassen des durch das ausgewählte Gewebevolumen transmittierten oder von diesem
reflektierten Lichts;
Extrahieren gemeinsamer Spektralelemente aus dem wenigstens einen Spektrum jedes Mitglieds des Popu-
lationsquerschnitts und Erzeugen wenigstens eines Satzes von Komponentenspektren aus den extrahierten
gemeinsamen Spektralelementen, wobei der wenigstens eine Satz von Komponentenspektren wenigstens ein
Komponentenspektrum enthält;
Identifizieren eines Satzes von Komponentenspektren, der den höchsten Vorhersagewert für die vorbestimmte
Eigenschaft des ausgewählten Gewebes, von der man weiß, dass sie eine Anfälligkeit für die vorbestimmte
Krankheit anzeigt, gibt; und
Benutzen des Satzes von Komponentenspektren, der den höchsten Vorhersagewert für die vorbestimmte Ei-
genschaft des ausgewählten Gewebes, von der man weiß, dass sie eine Anfälligkeit für die vorbestimmte
Krankheit anzeigt, als den Satz von Basisspektralkomponenten in Schritt c) von Anspruch 1.

3. Verfahren nach Anspruch 1 oder 2, bei welchem der Schritt des Extrahierens gemeinsamer Spektralelemente aus
dem wenigstens einen Spektrum jedes Mitglieds des Populationsquerschnitts und des Erzeugens wenigstens eines
Satzes von Komponentenspektren aus den extrahierten gemeinsamen Spektralelementen das Benutzen einer
Hauptkomponentenanalyse, einer Teilfehlerquadratmethode oder einer Hauptkomponentenregression enthält.

4. Verfahren nach einem der vorherigen Ansprüche, bei welchem der Schritt des Berechnens des zugehörigen Ska-
larkoeffizienten durch Minimieren des Fehlerterms das Benutzen der Chi-Quadrat-Ermittlung enthält, um den Feh-
lerterm zu minimieren.

5. Verfahren nach einem der vorherigen Ansprüche, mit einem regelmäßigen Wiederholen der Schritte a) bis d) ein-
schließlich für einen speziellen Säuger über eine vorbestimmte Zeitdauer der Lebensdauer des Säugers und einem
Speichern der regelmäßig berechneten Anfälligkeiten, um eine Änderungsrate der Anfälligkeit für ein erhöhtes Risiko
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für die vorbestimmte Krankheit zu erfassen.

6. Verfahren nach einem der vorherigen Ansprüche, bei welchem der Säuger eine postpubertäre Frau ist und bei
welchem die vorbestimmte Krankheit Brustkrebs ist und die vorbestimmte Eigenschaft eine Parenchymdichte des
Brustgewebes ist.

7. Verfahren nach Anspruch 6, bei welchem die Parenchymdichte des Brustgewebes durch Röntgenstrahlen-Mam-
mographie, Ultraschall, Computertomographie, Cone-Beam - Computertomographie, Elektroimpedanzspektrosko-
pie oder Kernspinresonanztomographie gemessen wird.

8. Verfahren nach Anspruch 1, bei welchem das Spektrum des erfassten Lichts ein kontinuierliches Spektrum ist.

9. Verfahren nach einem der vorherigen Ansprüche, bei welchem das Spektrum des erfassten Lichts ein diskretes
Spektrum ist.

10. Verfahren nach einem der Ansprüche 1 bis 8, bei welchem der Schritte des Bestrahlens eines Volumens ausge-
wählten Gewebes eines Säugers mit Licht mit Wellenlängen, die einen vorbestimmten Spektralbereich abdecken,
das Bestrahlen mit Breitbandlicht, diskreten Wellenlängen oder Wellenlängenbändern enthält.

11. Verfahren nach einem der vorherigen Ansprüche, bei welchem die Schritte des Bestrahlens eines Volumens aus-
gewählten Gewebes und Erfassens von durch das Volumen ausgewählten Gewebes transmittierten oder von diesem
reflektierten Lichts ein Einstellen eines Winkels und eines Abstandes zwischen einer Position auf der Gewebeober-
fläche, welche bestrahlt wird, und einer Position auf der Gewebeoberfläche, bei welcher das transmittierte oder
reflektierte Licht davon ausgeht, welche erfasst wird, enthält.

12. Verfahren nach einem der vorherigen Ansprüche, bei welchem die vorbestimmte Krankheit ausgewählt ist aus der
Gruppe bestehend aus neurodegenerativen Krankheiten, onkologiebasierten Krankheiten und Autoimmunkrank-
heiten.

13. Verfahren nach Anspruch 12, bei welchem die neurodegenerativen Krankheiten Multiple Sklerose, Alzheimer und
Parkinson enthalten und bei welchem die onkologiebasierten Krankheiten Prostata-, Rektal- und Hodenkrebs ent-
halten und bei welchem die Autoimmunkrankheiten Sinusitis, Rheumatoid-Arthritis und chronische Krankheit ent-
halten.

14. Verfahren nach Anspruch 2, bei welchem der Satz von Basisspektralkomponenten zwei oder mehr Komponenten-
spektren enthält.

15. Verfahren nach Anspruch 1, bei welchem Schritt d) das Benutzen eines effektiven mathematischen Varianzreduk-
tionsmodells enthält, um die Basisspektralkomponenten zu identifizieren, welche durch den zugehörigen Skalarko-
effizienten die beste Korrelation mit der vorbestimmten Eigenschaft des ausgewählten Gewebes, von der man weiß,
dass sie eine Anfälligkeit des Gewebes für die vorbestimmte Krankheit anzeigt, zeigt.

16. Vorrichtung zum optischen Feststellen einer Anfälligkeit eines Säugers, der frei von einer vorbestimmten Krankheit
ist, sich diese vorbestimmte Krankheit zuzuziehen, mit

a) einer Halteeinrichtung zum Halten und Ruhigstellen eines anatomischen Teils eines Säugers, der ein optisch
zu untersuchendes, krankheitsfreies Gewebe enthält;
b) einer Lichtquelleneinrichtung zum Bestrahlen eines Volumens eines ausgewählten Gewebes eines Säugers
mit Licht mit Wellenlängen, die einen vorbestimmten Spektralbereich abdecken;
c) einer Erfassungseinrichtung zum Erfassen von Licht, das durch das Volumen des ausgewählten krankheits-
freien Gewebes transmittiert oder von diesem reflektiert wird;
d) einer Computersteuereinrichtung, die mit der Erfassungseinrichtung verbunden ist, zum Erzeugen eines
Spektrums des erfassten Lichts aus einem Ausgangssignal der Erfassungseinrichtung, wobei die Computer-
steuereinrichtung eine Verarbeitungseinrichtung zum Darstellen des Spektrums des erfassten Lichts durch
einen Satz von Basisspektralkomponenten, einen Fehlerterm und einen zugehörigen Skalarkoeffizienten für
jede Spektralkomponente in diesem Satz enthält, wobei der Satz von Basisspektralkomponenten wenigstens
eine Basisspektralkomponente enthält, wobei der zugehörige Skalarkoeffizient für jede Basisspektralkompo-
nente durch Minimieren des Fehlerterms berechnet wird, wobei die Verarbeitungseinrichtung eine Einrichtung
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zum Korrelieren des zugehörigen Skalarkoeffizienten für jede Basisspektralkomponente mit einer vorbestimm-
ten Eigenschaft des ausgewählten Gewebes, von der man weiß, dass sie eine Anfälligkeit des krankheitsfreien
Gewebes für die vorbestimmte Krankheit anzeigt, enthält, um die Anfälligkeit des Säugers, sich die vorbestimmte
Krankheit zuzuziehen, zu erhalten, wobei die Computersteuereinrichtung eine Anzeigeeinrichtung zum Anzei-
gen der Anfälligkeit enthält.

17. Vorrichtung nach Anspruch 16, bei welchem die Verarbeitungseinrichtung ausgebildet ist, um die wenigstens eine
Basisspektralkomponente zu verarbeiten, die man durch die Schritte erhält:

Erhalten eines Bereichs von Werten der vorbestimmten Eigenschaft aus einem Populationsquerschnitt, der für
die Säugerpopulation insgesamt repräsentativ ist, aber welcher die vorbestimmte Krankheit nicht zeigt;
Erhalten wenigstens eines Spektrums in jedem Säugermitglied des Populationsquerschnitts durch Bestrahlen
eines Volumens ausgewählten Gewebes mit Licht mit Wellenlängen, die den vorbestimmten Spektralbereich
abdecken, und Erfassen des durch das Volumen ausgewählten Gewebes transmittierten oder von diesem
reflektierten Lichts;
Extrahieren von gemeinsamen Spektralelementen aus dem wenigstens einen Spektrum jedes Elements des
Populationsquerschnitts und Erzeugen wenigstens eines Satzes von Komponentenspektren aus den extrahier-
ten gemeinsamen
Spektralelementen, wobei der wenigstens eine Satz von Komponentenspektren wenigstens ein Komponenten-
spektrum enthält;
Identifizieren eines Satzes von Komponentenspektren, der den höchsten Vorhersagewert für die vorbestimmte
Eigenschaft des ausgewählten Gewebes, von der man weiß, dass sie eine Anfälligkeit für die vorbestimmte
Krankheit anzeigt, gibt; und
Benutzen des Satzes von Komponentenspektren, der den höchsten Vorhersagewert für die vorbestimmte Ei-
genschaft des ausgewählten Gewebes, von der man weiß, dass sie eine Anfälligkeit für die vorbestimmte
Krankheit anzeigt, gibt, als den Satz von Basisspektralkomponenten in Anspruch 16.

18. Vorrichtung nach Anspruch 16 oder 17, bei welcher die Lichtquelleneinrichtung entweder eine Weißlichtquelle wie
beispielsweise eine gefilterte Halogenlampe, eine Reihe von bandbreitenbegrenzten Leuchtdioden (LEDs) oder
mehrere Laserlichtquellen, die alle innerhalb des vorbestimmten Spektralbereichs emittieren, enthält.

19. Vorrichtung nach einem der Ansprüche 16 bis 18, bei welcher die Erfassungseinrichtung entweder eine wellenlän-
genselektive Einrichtung in Verbindung mit einer ladungsgekoppelten Schaltung oder eine Fotodiodenanordnung
für eine parallele Erfassung des vorbestimmten Wellenlängenbandes oder eine Lawinenfotodiode oder einen Punkt-
fotodetektor zum sequenziellen Erfassen des vorbestimmten Wellenlängenbandes enthält.

20. Vorrichtung nach einem der Ansprüche 16 bis 19, bei welcher die Verarbeitungseinrichtung eine Kalibriereinrichtung
zum Messen einer wellenlängenabhängigen Gerätetransferfunktion enthält und bei welcher die Verarbeitungsein-
richtung eine Einrichtung zum Entfernen von Geräteeinflüssen auf das Spektrum des erfassten Lichts enthält.

21. Vorrichtung nach Anspruch 19, bei welcher die Kalibriereinrichtung zum Messen einer wellenlängenabhängigen
Gerätetransferfunktion ein vorbestimmtes Volumen eines Materials, welches bevorzugt Licht streut anstelle Licht
zu absorbieren, enthält, welches am Platz des ausgewählten Gewebes positioniert ist.

22. Vorrichtung nach Anspruch 21, bei welcher das Material, welches bevorzugt Licht streut anstelle Licht zu absorbieren,
aus hochdichtem Polyurethan besteht.

23. Vorrichtung nach einem der Ansprüche 16 bis 22, bei welcher die Erfassungseinrichtung positioniert ist, um von
dem bestrahlten Gewebe reflektiertes Licht zu erfassen, und eine Einrichtung zum Einstellen des Winkels und des
Abstandes zwischen der Lichtquelleneinrichtung und der Erfassungseinrichtung enthält.

24. Vorrichtung nach einem der Ansprüche 16 bis 23, bei welcher die Lichtquelleneinrichtung eine Lichtquelle und eine
optische Faser mit einem proximalen Ende, das zum Koppeln von Licht in die optische Faser positioniert ist, und
einem distalen Ende, aus dem Licht von der Faser ausgeht und das so positioniert ist, dass das Licht auf das
ausgewählte Gewebe gerichtet wird, enthält.

25. Vorrichtung nach einem der Ansprüche 16 bis 23, bei welcher der Säuger eine postpubertäre Frau ist und bei
welcher die vorbestimmte Krankheit ein Brustkrebs ist und bei welcher die Halteeinrichtung einen Brustträger mit
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wenigstens einer Beleuchtungseinrichtung und wenigstens einer Erfassungseinrichtung für jede Brust enthält.

Revendications

1. Procédé pour évaluer la prédisposition d’un mammifère, exempt d’une maladie prédéterminée à développer cette
maladie comprenant les étapes consistant à :

a) irradier un volume de tissu exempt de la maladie prédéterminée d’un mammifère avec de la lumière ayant
des longueurs d’onde couvrant une plage spectrale prédéterminée,
b) détecter la lumière transmise au travers ou réfléchie par ce volume de tissu exempt de la maladie prédéter-
minée, et obtenir un spectre de la lumière ainsi détectée,
c) représenter le spectre de la lumière détectée par un ensemble de composants spectraux de base, un terme
d’erreur et un coefficient scalaire associé à chacun des composants spectraux de base de l’ensemble, l’ensemble
de composants spectraux de base renfermant au moins un composant spectral de base, le coefficient scalaire
associé à chacun des composants spectraux de base étant calculé en minimisant le terme d’erreur, et
d) établir une corrélation entre les coefficients scalaires associés à chaque composant spectral de base et une
propriété prédéterminée du tissu choisi connue pour être indicatrice de la prédisposition du tissu exempt de
maladie à la maladie prédéterminée de façon à obtenir la prédisposition du mammifère à développer la maladie
prédéfinie.

2. Procédé conforme à la revendication 1,
selon lequel
l’ensemble de composants spectraux de base est obtenu par les étapes consistant à :

- obtenir une plage de valeurs de la propriété prédéterminée à partir d’un échantillon de population qui est
représentatif de la population de mammifère dans son ensemble, mais qui n’exprime pas la maladie prédéter-
minée,
- pour chacun des mammifères membres de cet échantillon de population, obtenir au moins un spectre en
irradiant un volume de tissu choisi avec de la lumière ayant des longueurs d’onde couvrant la plage spectrale
prédéterminée et détecter la lumière transmise au travers ou réfléchie par le volume de tissu choisi,
- extraire des éléments de spectre communs du ou des spectre(s) de chacun des membres de cet échantillon
de population et produire au moins un ensemble de spectres de composants à partir des éléments de spectres
communs extraits, le ou les ensemble(s) de spectres de composants comportant au moins un spectre de
composants,
- identifier un ensemble de spectres de composants qui donne la valeur de prédiction la plus élevée pour la
propriété déterminée du tissu choisi connue pour être indicatrice de la prédisposition à la maladie prédéterminée,
et
- utiliser cet ensemble de spectres de composants qui donne la valeur de prédiction la plus élevée pour la
propriété prédéterminée du tissu choisi connue pour être indicatrice de la prédisposition à la maladie prédéter-
minée en tant qu’ensemble de composants spectraux de base dans l’étape c) de la revendication 1.

3. Procédé conforme à la revendication 1 ou 2,
selon lequel
l’étape consistant à extraire les éléments de spectre communs du ou des spectre(s) de chacun des membres de
l’échantillon de population et à produire au moins un ensemble de spectres de composants à partir des éléments
de spectre communs extraits comporte l’utilisation de l’analyse en composante principale, l’analyse de régression
des moindres carrés partiels (PLS) et la régression en composantes principales.

4. Procédé conforme à l’une des revendications précédentes,
selon lequel
l’étape de calcul du coefficient scalaire associé en minimisant le terme d’erreur comporte l’utilisation de l’ajustement
du chi carré pour réduire le terme d’erreur au minimum.

5. Procédé conforme à l’une des revendications précédentes, comportant la répétition périodique des étapes a) à d)
incluse pour un mammifère particulier, pendant une période prédéterminée de durée de vie du mammifère et la
mise en mémoire des prédispositions calculées périodiquement pour détecter un taux de modification de la prédis-
position correspondant à un risque augmenté pour la maladie prédéterminée.
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6. Procédé conforme à l’une des revendications précédentes,
selon lequel
le mammifère est une femelle humaine post-pubère, la maladie prédéterminée est le cancer du sein, et la propriété
prédéterminée est la densité du tissu parenchymal mammaire.

7. Procédé conforme à la revendication 6,
selon lequel
la densité du tissu mammaire est mesurée par l’une des techniques suivantes :
mammographie aux rayons X, ultrasons, tomographie calculée, tomographie calculée à faisceau conique, spec-
troscopie d’impédance électrique et imagerie par résonnance magnétique.

8. Procédé conforme à la revendication 1,
selon lequel
le spectre de la lumière détectée est un spectre continu.

9. Procédé conforme aux revendications précédentes,
selon lequel
le spectre de la lumière détectée est un spectre discret.

10. Procédé conforme à l’une des revendications 1 à 8,
selon lequel
l’étape d’irradiation d’un volume de tissu choisi d’un mammifère avec de la lumière ayant des longueurs d’onde
couvrant une plage spectrale prédéterminée, comporte une étape d’irradiation avec une bande de lumière large,
des longueurs d’onde discrètes ou des bandes de longueurs d’onde.

11. Procédé conforme à l’une des revendications précédentes,
selon lequel
les étapes consistant à irradier un volume de tissu choisi et à détecter la lumière transmise au travers ou réfléchie
par ce volume de tissu choisi, comportent une étape d’ajustement d’un angle et d’une distance entre une position
sur la surface du tissu qui est irradiée et une position sur cette surface où la lumière transmise ou réfléchie, provenant
de celle-ci est détectée.

12. Procédé conforme à l’une des revendications précédentes,
selon lequel
la maladie prédéterminée est choisie dans le groupe formé par les maladies neurodégénératives, les maladies du
domaine de l’oncologie et les maladies auto-immunes.

13. Procédé conforme à la revendication 12,
selon lequel
les maladies neurodégénératives renferment la sclérose multiple, les maladies d’Alzheimer et de Parkinson, selon
lequel les maladies du domaine de l’oncologie renferment les cancers de la prostate, du rectum et des testicules,
et selon lequel les maladies auto-immunes renferment le sinustisus, l’arthrite rhumatoïde et la maladie de Chron.

14. Procédé conforme à la revendication 2,
selon lequel
l’ensemble de composants spectraux de base renferme au moins deux spectres de composants.

15. Procédé conforme à la revendications 1,
selon lequel
l’étape d) comporte une étape consistant à utiliser un modèle mathématique effectif de réduction de variance pour
identifier les composants spectraux de base qui révèlent, à partir du coefficient scalaire associé, la meilleure cor-
rélation avec la propriété prédéterminée du tissu choisi connue pour être indicatrice de la prédisposition du tissu à
développer la maladie présélectionnée.

16. Appareil d’évaluation optique de la prédisposition d’un mammifère exempt d’une maladie prédéterminée à déve-
lopper cette maladie comprenant :

a) des moyens de maintien pour maintenir et immobiliser une partie de l’anatomie d’un mammifère contenant
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un tissu exempt de la maladie devant être analysé optiquement,
b) des moyens de source lumineuse pour irradier un volume du tissu choisi d’un mammifère avec de la lumière
ayant des longueurs d’onde couvrant une plage spectrale prédéterminée,
c) des moyens de détection de la lumière transmise au travers ou réfléchie par ce volume de tissu choisi exempt
de la maladie,
d) des moyens de commande par calculateur reliés aux moyens de détection pour produire un spectre de la
lumière détectée à la sortie des moyens de détection, ces moyens de commande par ordinateur comportant
des moyens de traitement pour représenter le spectre de lumière détectée par un ensemble de composants
spectraux de base, un terme d’erreur et un coefficient scalaire associé à chacun des composants spectraux
dans cet ensemble, l’ensemble de composants spectraux de base renfermant au moins un composant spectral
de base, le coefficient scalaire associé à chacun des composants spectraux de base, étant calculé en minimisant
le terme d’erreur, les moyens de traitement comportant des moyens pour établir une corrélation entre le coef-
ficient scalaire associé à chaque composant spectral de base et une propriété prédéterminée du tissu choisi
connue pour être indicatrice de la prédisposition du tissu exempt de maladie à la maladie présélectionnée de
façon à obtenir la prédisposition du mammifère à développer la maladie prédéterminée, les moyens de com-
mande par ordinateur comportant des moyens d’affichage pour afficher la prédisposition.

17. Appareil conforme à la revendication 16, dans lequel

- les moyens de traitement sont conformés pour traiter le ou les composant(s) spectral(aux) de base obtenus
par les étapes consistant à :
- obtenir une plage de valeurs de la propriété prédéterminée à partir d’un échantillon de population qui est
représentatif de la population de mammifère dans son ensemble, mais qui n’exprime pas la maladie prédéter-
minée,
- pour chacun des mammifères membres de cet échantillon de population, obtenir au moins un spectre en
irradiant un volume de tissu choisi avec de la lumière ayant des longueurs d’onde couvrant la plage spectrale
prédéterminée et détecter la lumière transmise au travers ou réfléchie par le volume de tissu choisi,
- extraire des éléments de spectre communs du ou des spectre(s) de chacun des membres de cet échantillon
de population et produire au moins un ensemble de spectres de composants à partir des éléments de spectre
communs extraits, le ou les ensemble(s) de spectres de composants comportant au moins un spectre de
composants,
- identifier un ensemble de spectres de composants qui donne la valeur de prédiction la plus élevée pour la
propriété prédéterminée du tissu choisi connue pour être indicatrice de la prédisposition à la maladie prédéter-
minée, et
- utiliser cet ensemble de spectres de composants qui donne la valeur de prédiction la plus élevée pour la
propriété prédéterminée du tissu choisi connue pour être indicatrice de la prédisposition à la maladie présélec-
tionnée en tant qu’ensemble de composants spectraux de base dans la revendication 16.

18. Appareil conforme à la revendication 16 ou 17,
dans lequel
les moyens de source de lumière comportent soit une source de lumière blanche telle qu’une lampe halogène filtrée,
soit une série de diodes électroluminescentes à largeur de bande limitée (LEDs) soit plusieurs sources de lumière
laser émettant toutes dans la plage spectrale prédéterminée.

19. Appareil conforme à l’une des revendications 16 à 18,
dans lequel
les moyens de détection comportent soit des moyens sélectifs à la longueur d’onde associés à un dispositif à
transfert de charge, soit un ensemble de photodiodes toutes pour la détection en parallèle de la bande de longueurs
d’onde prédéterminée, soit une photodiode à avalanche, soit un photo détecteur de point pour effecteur la détection
séquentielle de la bande de longueurs d’onde prédéterminée.

20. Appareil conforme à l’une des revendications 16 à 19,
dans lequel
les moyens de traitement comportent des moyens de calibrage pour mesurer une fonction de transfert d’instrument
dépendant de la longueur d’onde, et des moyens pour éliminer l’effet de l’instrument sur le spectre de la lumière
détectée.

21. Appareil conforme à la revendication 19,
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dans lequel,
les moyens de calibrage pour mesurer une fonction de transfert d’instrument dépendant de la longueur d’onde,
comportent un volume prédéterminée d’un matériau qui disperse de préférence la lumière au lieu de l’absorber,
positionné à la place du tissu prédéterminé.

22. Appareil conforme à la revendication 1,
dans lequel
le matériau qui disperse de préférence la lumière au lieu de l’absorber est du polyuréthane haute densité.

23. Appareil conforme à l’une des revendications 16 à 22,
dans lequel
les moyens de détection sont positionnés pour détecter la lumière réfléchie par le tissu irradié et il est prévu des
moyens pour régler l’angle et la distance entre les moyens de source lumineuse et les moyens de détection.

24. Appareil conforme à l’une des revendications 16 à 23,
dans lequel
les moyens de source de lumière comportent une source de lumière et une fibre optique ayant une extrémité
proximale positionnée pour rassembler la lumière dans cette fibre optique et une extrémité distale d’où de la lumière
provient de la fibre, et qui est positionnée pour diriger la lumière sur le tissu prédéterminé.

25. Appareil conforme à l’une des revendications 16 à 23,
dans lequel
le mammifère est une femelle humaine post-pubère, la maladie prédéterminée est le cancer du sein, et les moyens
de maintien comportent un support mammaire comportant au moins un moyen d’irradiation et au moins un moyen
de détection pour chaque sein.
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