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Arizona)  FIELD OF THE INVENTION [0001) The invention
relates generally to methods and apparatus for
identifying  disease status in a patient, and more
particularly to identifying discase status in a
patient  according to levels of one or more
biomarkcrs. BACKGROUND OFTHE INVENTION [0002]
Biomarkers are used in medicine to help diagnose or
determine the presence,  absence, status and/or stage
of particular diseases. Diagnostically useful
biomarkers have  been identified using measured levels
of a single biomarker obtained from a statistically
significant number of disease-negative and
disease-positive subjects in a population and
establishing a mean and a standard deviation for the
disease negative and positive states. If  the measured
biomarker concentrations for the disease-positive and
-negative states were  found to have widely separated
Gaussian or nearly Gaussian distributions, the
biotnarker was  considered useful for predicting
instances of the disease. Subsequent patients could be
considered disease-positive if the patient's biomarker
concentration was above (or, in some  cases, below) a
cut point generally defined as a biotnarker
concentration that is between the  disease-positive
and disease-negative means and two to three standard
deviations away from  the disease state negative mean.
[0003) While conventional methods have produced
clinically useful biomarkers, their  application to
determining a variety of disease statuses in subjects
is limited for at least five  reasons. First, these
methods presume a normal, Gaussian data distribution
in the population,  where all measured biomarker
concentrations are roughly distributed symmetrically
above  and below a mean and take the shape of a bell
curve. In such cases, approximately 68% of  the data
is within one standard deviation of the mean, 05% of
the data is within two standard  deviations of the
mean, and 99.7% of the data is within three standard
deviations of the mean  in either the disease-positive
or -negative cohort, This assumption, however, only
holds true  -1 SUBSTITUTE SHEET (RULE 26) 
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all potential biomarkers. Human biochemistry is a
complex system in which  many components serve
multiple functions and are themselves regulated by a
variety ol'other  components. As such, it is common to
find biomarkers that display non-Gaussian
distributions, which include values that lie
substantially apart (at the far high end and/or far
low end of the distribution) from the bulk of the
values, and may span several orders of  magnitude.
[0004] Second, traditional methods rely on the
analysis of a single biomarker to  indicate a disease
state. Given the complex interaction of human
biochemistry, however, the  interaction of multiple
markers often have a bearing on the presence or
absence of disease.  Instead of integrating multiple
statistically significant markers, single marker
models rely on  the ideal (or nearly ideal)
performance of a single marker, which may result in a
less accurate  diagnosis of a disease state than
integrating multiple biomarkers. [0005] Third,
conventional methods rely exclusively on large
differences between  disease-negative and
disease-positive populations, and disregard all
information when the  distributions of the
disease-negative and disease-positive populations
overlap to any  significant degree. In traditional
single marker models, differences between the means of
the  negative disease state and the positive disease
state that are less than one and one-half to two
standard deviations are considered to have little or
no value, even when these differences arc  found to be
persistent and reproducible. [0006] Fourth, the
traditional single marker methods are often confounded
by  biodiversity and the presence of sub-groups in the
disease-negative or disease-positive  populations.
Given the complexity of human biochemistry, many
factors can affect the  measured concentration of a
given biomarker, such as a patient's demographic
characteristics, family history and medical history.
All of these factors may increase the  potential
marker's observed variability and standard deviation,
masking or obscuring the  relationship to the disease
state. 10007 Finally, despite increasing understanding
of biomarkers and availability of  convenient
biomarker assays (e.g., immunohistochemistry assays)
to detect and quantity  expression of specific
biomarkers associated with a disease, traditional
analyses often fail to  sufficiently differentiate the
disease-negative and disease-positive statuses to
permit reliable  diagnosis of diseases. -2 



WO 2007/130831 PCT/US2007/067418  SUMMARY OF THE
INVENTION [0008] Methods and apparatus for identifying
disease status according to various  aspects of the
present invention include analyzing the levels of one
or more biomarkers. The  methods and apparatus may use
biomnarker data for a condition-positive cohort and a
condition-negative cohort and automatically select
multiple relevant biomarkers from the  plurality of
biomarkers. The system may automatically generate a
statistical model for  determining the disease status
according to differences between the biomarker data
for the  relevant biomarkers of the respective
cohorts. The methods and apparatus may also facilitate
ascertaining the disease status of an individual by
producing a composite score for an  individual patient
and comparing the patient's composite score to one or
more thresholds For  identifying potential disease
status. BRIEF DESCRIPTION OF THE DRAWING FIGURES
[0009] A more complete understanding of the present
invention may be derived by  referring to the detailed
description when considered in connection with the
following  illustrative figures. In the following
figures, like reference numbers refer to similar
elements  and steps. f00010] Figure 1 is a block
diagram of a computer system. [0001 1 J Figure 2 is a
flow chart of a process for identifying disease
status.  [00012) Figure 3 is a flow chart of a process
for controlling a range of values.  1000131 Figure 4
is a flow chart of a process for normalizing data.
[00014 Figure 5 is a flow chart of a process for
classifying data according to cut  points. [000151
Figure 6 is a plot of cumulative frequencies of
disease-positive and disease- negative biomarker
concentrations. 1000161 Figure: 7 is a flow chart of a
process for establishing a disease status model.
[000171 Figure 8 is a flow chart of a process for
identifying disease status in an  individual. [00018]
Figure 9 is a plot of cumulative frequencies of breast
cancer positive and  breast cancer negative
concentrations versus PSA concentration. [00019]
Figure 10 illustrates data scoring model for selecting
one or more cut points.  [00020) Elements and steps in
the figures are illustrated for simplicity and clarity
and  have not necessarily been rendered according to
any particular sequence. For example, steps  



-3 WO 2007/130831 PCT/US2007/067418  that may be
performed concurrently or in different order are
illustrated in the figures to help  to improve
understanding of embodiments of the present invention.
DETAILED DESCRIPTION OF THE INVENTION 1000211 The
present invention is described partly in terms of
functional components  and various processing steps.
Such functional components and processing steps may he
realized by any number of components, operations and
techniques configured to perform the  specified
functions and achieve the various results. For
example, the present invention may  employ various
biological samples, biomarkers, elements, materials,
computers, data sources,  storage systems and media,
information gathering techniques and processes, data
processing  criteria, statistical analyses, regression
analyses and the like, which may carry out a variety
of  functions. In addition, although the invention is
described in the medical diagnosis context,  the
present invention may be practiced in conjunction with
any number of applications,  environments and data
analyses; the systems described arc merely exemplary
applications for  the invention. [000221 Methods and
apparatus for analyzing biomarker information
according to  various aspects of the present invention
may be implemented in any suitable manner, for
example using a computer program operating on the
computer system. Referring to figure 1,  an exemplary
biomarker analysis system 100 according to various
aspects of the present  invention may be implemented
in conjunction with a computer system 110, for example
a  conventional computer system comprising a processor
112 and a random access memory 114,  such as a
remotely-accessible application server, network
server, personal computer or  workstation. The
computer system 110 also suitably includes additional
memory devices or  information storage systems, such
as a mass storage system 1 16 and a user interface
118, for  example a conventional monitor, keyboard and
tracking device. The computer system 110  may,
however, comprise any suitable computer system and
associated equipment and may be  configured in any
suitable manner. In one embodiment, the computer
system 110 comprises  a stand-alone system. In another
embodiment, the computer system 1 10 is part of a
network  of computers including a server 120 and a
database 122. The database stores information that
may he made accessible to multiple users 124A-C, such
as different users connected to the  server 120. 'In
the present embodiment, the server 120 comprises a
remotely-accessible  server, such as an application
server that may be accessed via a network, such as a
local area  



network or the Internet. -4 WO 2007/130831
PCT/US2007/067418  [00023] The software required for
receiving, processing, and analyzing biomarker
information may be implemented in a single device or
implemented in a plurality of devices.  The software
may be accessible via a network such that storage and
processing of  information takes place remotely with
respect to users 124A-C. The biomarker analysis
system 100 according to various aspects of the present
invention and its various elements  provide functions
and operations to facilitate biomarker analysis, such
as data gathering,  processing, analysis, reporting
and/or diagnosis. The present biomarker analysis
system 100  maintains information relating to
biomarkers and facilitates the analysis and/or
diagnosis.  For example, in the present embodiment,
the computer system 110 executes the computer
program, which may receive, store, search, analyze,
and report information relating to  biomarkers. The
computer program may comprise multiple modules
performing various  functions or operations, such as a
processing module for processing raw data and
generating  supplemental data and an analysis module
for analyzing raw data and supplemental data to
generate a disease status model and/or diagnosis
information. [00024] The procedures performed by the
biornarker analysis system 100 may  comprise any
suitable processes to facilitate biomarker analysis
and/or diagnosis. In one  embodiment, the biomarker
analysis system 100 is configured to establish a
disease status  model and/or determine disease status
in a patient. Determining or identifying disease
status  may comprise generating any useful information
regarding the condition of the patient  relative to
the disease, such as performing a diagnosis, providing
information helpful to a  diagnosis, assessing the
stage or progress of a disease, identifying a
condition that may  indicate a susceptibility to the
disease, identity whether further tests may be
recommended, or  otherwise assess the disease status,
likelihood of disease, or other health aspect of the
patient.  Referring to Figure 2, in the present
embodiment, the biomarker analysis system 100 receives
raw biomarker data and subject data (210) relating to
one or more individuals providing the  biological
samples from which the biomarker data is drawn. The
biomarker analysis system  100 processes the raw data
and subject data to generate supplemental data (212),
and  analyzes the raw data, subject data, and/or
supplemental data (214) to establish a disease state
model and/or a patient diagnosis (216). [00025] The
biomarker analysis system 100 may also provide various
additional  



modules and/or individual functions. For example, the
biomarker analysis system 100 may  also include a
reporting function, for example to provide information
relating to the  processing and analysis functions.
The biomarker analysis system 100 may also provide  -5
WO 2007/130831 PCT/US2007/067418  various
administrative and management functions, such as
controlling access and performing  other
administrative functions. 100026] The biomarker
analysis system 100 suitably generates a disease
status model  and/or provides a diagnosis for a
patient based on raw biomarker data and/or additional
subject data relating to the subjects in the cohorts.
The biomarker data may be acquired from  any suitable
biological samples containing measurable amounts of
the biomarkers. (00027) In accordance with various
aspects of the invention, biomarker data are  obtained
and processed to establish a disease status model that
incorporates data from a  plurality of biomarkers,
such as data from members of disease-negative and
disease-positive  cohorts or other condition-positive
and/or -negative groups. The biological samples are
suitably obtained from a statistically significant
number of disease-positive and -negative  subjects.
Disease-positive and -negative cohorts may contain a
sufficient number of subjects  to ensure that the data
obtained are substantially characteristic of the
disease-negative and  disease-positive states, such as
statistically representative groups. For example, each
cohort  may have at least 30 subjects in each cohort.
Each cohort may be characterized by several
sub-cohorts, reflecting, for example, that the disease
can exist in disease-positive individuals  at various
stages, or other demographic, behavioral, or other
factors that may affect the  biomarker levels in
either disease-positive or -negative individuals.
[00028] The biomarker analysis system 100 may utilize
any single or combination of  biological materials
from which the levels of potential biomarkers may be
reproducibly  determined. In the present embodiment,
levels of all measured biomarkers are obtained from
as few sample sources as possible, such as from a
single, readily obtained sample. For  example, sample
sources may include, but are not limited to, whole
blood, serum, plasma,  urine, saliva, mucous,
aspirates (including nipple aspirates) or tissues
(including breast tissue  or other tissue sample).
Biomarker levels may vary from source-to-source and
disease- indicating levels may he found only in a
particular sample source. Consequently, the same
sample sources are suitably used both for creating
disease status models and evaluating  patients. If a
disease status model is constructed from biomarker
levels measured in whole  



blood, then the test sample from a patient may also be
whole blood. Where samples are  processed before
testing, all samples may be treated in a like manner
and randomly collected  and processed. [00029] The
biomarker analysis system 100 may analyze any
appropriate quantity or  characteristic. In the
present case, a biomarker may comprise any
disease-mediated physical  trait that can be
quantified, and in one embodiment, may comprise a
distinctive biochemical  -6 WO 2007/130831
PCT/US2007/067418  indicator of a biological process
or event. Many biomarkers are available for use, and
the  biomarker analysis system .100 provides an
analytical framework for modeling and evaluating
biomarker level data. [000301 Raw biomarker levels in
the samples may be measured using any of a variety  of
methods, and a plurality of measuring tools may be
used to acquire biomarker level data.  For example,
suitable measuring tools may include, but are not
limited to, any suitable format  of enzyme-linked
immunosorbent assay (ELISA), radioimmunoassay (RIA),
flow cytomctry,  mass spectrometry or the like. As
biomarker levels may vary from method to method and
from procedure to procedure, the biomarker analysis
system 100 of the present embodiment  uses consistent
methods and procedures for creating disease status
models as well as for  evaluating patients. For
example, if a disease status model is constructed from
biomarker  levels measured using a specified ELISA
protocol, then the test sample from a patient should
be measured using the same ELISA protocol. [00031 ]
The blomarkcr data, such as the raw biomarker levels
and any other relevant  data, are provided to the
biomarker analysis system 100 for processing. One or
more markers  may be analyzed by the biomarker
analysis system 100. The biomarker analysis system 100
may process the biomarker data to incorporate multiple
markers, minimize potential impact  of non-Gaussian
distributions, and account for biodliversity. In the
present embodiment, the  biomarker analysis system 100
analyzes multiple biomarkers, assigns boundary values
for the  biomarker levels, generates normalized data
based on the raw data and potentially relevant
biomarker-affecting factors, compares biomarkers to
cut points, and/or reduces the range of  raw and/or
adjusted data values. The biomarker analysis system
100 may also adjust the data  for disease-specific
risk factors and analyze the data to generate the
disease status model.  (000321 In one embodiment, the
biomarker analysis system 100 may analyze multiple
biomarkers to establish a disease status model and
generate a diagnosis. Given the complex  



interaction of human biochemistry, multiple markers
may have a relationship with the  presence or absence
of the disease state. Further, a single biornarker may
not be associated  exclusively with only one disease.
While a single biomarker may provide useful
information,  diagnostic reliability may be improved
by including a plurality of biomarkers, for example
the most informative biomarkers. The biornarker
analysis system 100 suitably integrates  these
multiple, less than ideal, but still statistically
significant and informative biomarkers.  [00033] The
biomarker analysis system 100 may assess whether a
given biomarker is  informative, such as according to
a classification of not informative, informative, or
highly  informative, and whether it is productive to
include the marker in the disease status model. -7 WO
2007/130831 PCT/US2007/067418  For example, various
biomarkers are associated with breast cancer and, when
modeling  characteristic biomarker levels and
evaluating breast cancer in subjects, such markers may
be  highly relevant. In one particular example,
up-regulated (elevated) and/or down-regulated
(suppressed) levels in serum of prostate-specific
antigen (PSA), tumor necrosis factor alpha  (TNF-(i),
interlcukin-6 (IL-6), interleukin-8 (IL-8), vascular
endothelial growth factor  (VEGF), and/or riboflavin
carrier protein (RCP) are associated with breast
cancer. Of their:,  RCP, TNF-n, IL-8, and VEGF are
more informative as to breast cancer status than the
other  two markers. [00034] Human biochemistry is a
complex system wherein many components serve  multiple
regulatory and other functions and are regulated by
multiple other component%.  Often, biological data arc
non-Gaussian, particularly in a disease state. As
such, it is  common to find biomarkers that display
non-Gaussian distributions where measured values  can
include values that lie substantially apart from the
bulk of the values, at the far high end,  Car low end,
or both the high and low end of the distribution, and
may span several orders of  magnitude. The biomarker
analysis system 100 may process the data to
accommodate effects  cif non-Gaussian distributions.
Unlike Gaussian distributions, non-Gaussian
distributions  may be skewed to the left or to the
right with respect to a data mean. Non-Gaussian
distributions can be mathematically transformed to
Gaussian distributions using logarithmic
transformation. Non-Gaussian data can be subjected to
sub-group averaging, data  segmenting, using
differential distributions, or using non-parametric
statistics. [00035] To integrate a plurality of
biomarkers and control any adverse impact of non-
Gaussian data points on the disease status model, the
biomarker analysis system may pre- 



process the biomarker data to generate additional data
to facilitate the analysis. For example,  the
biornarkcr analysis system 100 may impose various
constraints upon, make adjustments  to and/or
calculate additional data from the raw biomarker level
data to generate  supplemental data comprising a set
of variables in addition to the raw data that may be
processed, for example using logistic regression to
generate a linear model or other  appropriate
statistical analysis that describes the relationship
of the hioniarkers to the disease  state. [000361 For
example, the biornarkcr analysis system 100 may be
configured to process  the raw biomarker data to
reduce negative effects of non-Gaussian distributions.
In one  embodiment, the biomarker analysis system 100
may reduce the influence of non-normal  biomarker
levels in hiomarkers with non-Gaussian distributions,
such as by assigning  -8 WO 2007/130831
PCT/US2007/067418  maximum and/or minimum allowable
values or caps for each such biomarker. The caps may
be assigned according to any suitable criteria, such
as to encompass between about 66% and  about 99.7%, of
the measured levels and exclude extraordinarily high
values. [00037) Referring to Figure 3, the maximum
and/or minimum allowable values for  each candidate
biomarker may be established by first determining an
intermediate value  (310), such as the mean or median
value, of that biomarker in the disease-negative
cohort,  and determining the standard deviation of a
selected quantity of the measured biomarker  levels
(312), such as approximately 30% - 45% of the data
points on either side of the median  value when the
data is plotted on a histogram, such that the central
60% to 90% of the  measured data points are accounted
for in determining the standard deviation. A maximum
allowable, value may be determined (314) according to
the intermediate value and the  standard deviation of
the selected biomarker data, for example by adding to
the median value  to a multiple of the standard
deviation, such as no more than four times the
standard  deviation, and more typically, an amount
between one and a half and three times the standard
deviation. [00038] In the present embodiment, the
biomarker analysis system 100 uses the  median,
instead of the mean, as the basis for determining the
allowed maximum to more  accurately reflect the
majority of the values while reducing the impact of
one or a few very  high outlying, non-Gaussian values.
Maximum values may also be calculated using data  from
any suitable set of data and any suitable technique or
algorithm, such as data from a  



disease-positive cohort or from a mixture of
disease-positive and disease-negative subjects.
Maximum values may be calculated for each of the
relevant blomarkers. [000'39] For example, in an
embodiment of the present invention configured for
detecting the presence of breast cancer, the maximum
values for the applicable biomarkers  are calculated
by adding the median value of the biomarker for all
subjects without breast  cancer to two-and-a-half
times the standard deviation of the marker for all
subjects without  breast cancer. In this exemplary
embodiment, suitable median values for PSA, 1T,-6,
TNF-ct.  IL-8, and VEG.F may be within ranges of
0.01-10, 0.5-25, 0.1-10, 5-150, and 100-5,000
picograms per milliliter (pg/ml) respectively, such as
.53, .34, 2.51, 52.12, and 329.98 pg/ml,
respectively. Maximum values may be assigned for each
of the biomarkers PSA, IL-6, TNF- a, 11:8, and VEGF,
for example within the ranges of 5-200, 10-300,
0.5-50, 100-2,000, and  500-10,000 pp/nil,
respectively, such as 122.15, 12.52, 48.01, 350.89,
and 821.15 pg/ml,  respectively. Thus, different
maximum values may he calculated for the PSA, IL-6,
RCP,  TNF-a, IL-8, and VEGF biomarkers, or for the
RCP, TNF-a, IL-8, and VEGF biomarkers  -9 WO
2007/130831 PCT/US2007/067418  alone. In the present
embodiment, these figures are determined using ELISA
measurements  for healthy women. The values may change
as more data is added, variations in the ELISA
procedure and/or test kits, reliance on data for
disease-positive women, or use of, non-ELISA
techniques. [00040] The resulting maximum allowable
value may then be compared to the  individual measured
biomarker levels (316). if a particular subject's
measured level is above  the maximum value, a
modification designator or flag, such as an integral
value of I or 0 or  other appropriate designator, may
be associated with the subject's biomarker data, such
as  recorded in a particular field in his or her
supplemental data set; if the biomarker level is
below the maximum, an integral value of 0 is recorded
in his or her supplemental data set  (3 18). The
designator criteria may be applied consistently
between generating a disease  status model and scoring
an individual patient's biomarker levels to ease
disease status model  interpretation. The designators
may also comprise more than just two discrete levels.
[000411 Additionally, when any of a subject's
biomarker values exceed the maximum  allowable value
for that biomarker, the raw biomarker values may be
replaced with the  maximum allowable value for that
biomarker (320). The adjusted data having capped
values  and additional designators may be part of the
supplemental data, so that the raw data is  



preserved and the adjusted data with capped values and
additional designators become part of  the
supplemental data set. The additional designator
denotes that the measured values were  unusually high,
which may be informative about the disease status,
while the replacement  with the cap value limits the
influence of the extremely high values. Without. such
caps, the  extremely high values may "pull" the linear
model to fit data that is the exception, not the
norm.. [00042] Thus, if the patient's RCP biomarker
exceeds the maximum allowable value, a.  flag is set
in the subject's supplemental data to indicate that
the RCP biomarker exceeded the  limit and the raw
biomarker level may be replaced with the maximum
allowable value.  Conversely, if the TNT'-a biomarker
level is within the range of accepted values, the
original  blomarker level is retained and the
corresponding flag in the subject's supplemental data
remains unset. [00043] The biomarker analysis system
100 may also be configured to generate and  analyze
normalized data, for example based on the raw
biomarker data and/or the capped  supplemental data.
Normalized data comprises the original data adjusted
to account for  variations observed in the measured
values that may be attributed to one or more
statistically  significant biomarker level-affecting
factors. For example, genetic, behavioral, age,  -10
WO 2007/130831 PCT/US2007/067418  medications, or
other factors can increase or decrease the observed
levels of specific  biomarkers in an individual,
independent of the presence or absence of a disease
state. In the  present embodiment, to detect breast
cancer, potential factors that may substantially
affect the  levels of biomarkers indicative of breast
cancer include: age; menopausal status; whether a
hysterectomy has been performed; the usage of various
hormones such birth control, estrogen  replacement
therapy, Tamuxifen or Raloxifenc, and fertility drugs;
the number of full-term  pregnancies; the total number
of months engaged in breast-feeding; prior breast
biopsies;  prior breast surgeries; a family history of
breast cancer; height; weight; ethnicity; dietary
habits; medicinal usage, including the use of NSALDs;
presence of other diseases; alcohol  consumption;
level of physical activity; and tobacco use. [00044]
Any suitable source or system may be used to identify
factors that may affect a  given biomarker, such as
literature and research. In addition, any suitable
processes or  techniques may be used to determine
whether particular factors are applicable and to what
degree. For example, upon collecting the biological
samples, members of the cohorts can be  



queried through subject questionnaires, additional
clinical tests, or other suitable processes  and
mechanisms about various factors that can possibly
affect the levels of their markers.  The subject data
containing this information relating to the subjects
themselves may he  provided to the biomarkcr analysis
system 100 with the raw biomarker data, for example in
the form of discrete and/or continuous variables.
[00045] The relevance and effects of various factors
upon biomarker levels may be  assessed in any suitable
manner. For example, when sample collection is
completed, all  biomarkers have been measured, and the
raw data and subject data relating to the additional
factors has been provided, the biomarker analysis
system 100 may analyze the raw data and  additional
factors to identify such factors with a statistically
significant affect. The biomarkcr  analysis system 100
may also automatically select multiple relevant
hiornarkers from the  plurality of biomarkers. In one
embodiment, referring to Figure 4, the biomarkcr
analysis  system 100 performs regression analyses or
other appropriate statistical analyses using each
biomarker as a dependent variable and the factors that
potentially affect its level as  independent variables
(410). The biomarker analysis system 100 may, however,
use any  appropriate analysis to identify potential
relationships between the factors and variations in
the biornarker data. [00046] In the present
embodiment, factors that are found to retain a p-value
below a  predetermined level (e.g., without
limitation, p<.0.1, p<0.05, or p<0.025) may be
considered  significant. The biomarker analysis system
100 may also be configured to compensate for  -11 WO
2007/130831 PCT/US2007/067418  the effects of such
factors, such as by generating normalized data wherein
the variation  attributable to such factors has been
removed from the analysis. For example, to remove
factor-ascribed variation, raw data may be transformed
using the inverse of a linear equation  describing the
relationship between the biomarker level and the
factor or factors found to be  significant. In one
example of the present invention, the selected p-value
to determine  statistical significance for biomarkers
specific to detecting breast cancer may be selected at
.05. In another particular example, should linear
regression or other appropriate analysis of  raw data
and subject show that a subject's age and gender
affect a potential biornarker  relating to Alzheimer's
disease Y to a statistically significant level, the
relationship the  observed biomarker levels and the
subject's age and gender could be described by the
equation: 



[00047] Y=MI(Age) i- M2(Male)+B 1000481 where Y is the
measured level of the potential Alzheimer's disease
biomarker,  M1 and M2 are the coefficients as
determined by the linear regression, (Age) is a
continuous  variable that was found to be a
statistically significant determinate of Y, (Male) is
a discrete  variable that was found to be a
statistically significant determinate of Y, where I
equals male  and 0 equals female, and B is an
intercept (412). To remove the variation in Y that can
be  ascribed to age and gender, a normalized or
adjusted value Y' for the potential Alzheimer's
disease biomarker Y may be calculated according to the
inverse equation (414): 1000491 Y' =
Y*(l/M.1)(A.ge)-M2(Male) 1000501 Normalized data may
he generated applying the inverse equation to the raw
data and/or the supplemental data and added to the
supplemental data. By removing variation  due to known
causes, a greater percentage of the remaining
variation may be ascribed to the  presence or absence
of a disease state, thus clarifying a marker's
relationship to the disease  state that might
otherwise be obscured. When statistically significant
factors are identified as  affecting the level of one
or more potential biomarkers, both raw data and
normalized data  may he used in subsequent analyses.
Analysis of normalized values may elucidate
relationships that would otherwise be obscured, while
raw data may provide greater ease of  test
administration and delivery. -12 WO 2007/130831
PCT/US2007/067418  [00051) The biomarker analysis
system 100 may further process the raw and/or
supplemental data in any suitable manner, such as to
reduce the influence of non-Gaussian  distributions.
For example, the biomarker analysis system 100 may
select one or more  biomarker cut points and compare
the raw and/or supplemental biomarker data to at least
one  designated biomarker cut point. Biomarker out
points may be selected according to any  suitable
criteria, such as according to known levels
corresponding to disease or based on the  raw and/or
normalized biomarker data. For example, the blomarker
analysis system 100 may  compare cumulative frequency
distributions of the condition-positive and -negative
biomarker data for a particular biomarker and select
one or more cut points for the biomarker  according to
a maximum difference between the condition-positive
cumulative frequency  distribution and the
condition-negative cumulative frequency distribution
for the selected  biomarker. (00052) In one
embodiment, referring to Figures 5 and 6, the
biomarker analysis  



system 100 designates at least one cut point for each
biomarker. The biomarker analysis  system 100 may
initially generate cumulative frequency distributions
for the raw and/or  supplcmcntal data for both the
disease-positive cohort 630 and the disease-negative
cohort  620 for each relevant biomarker (510), such as
for each individual biomarker PSA, IL-6,  RCP, TNF-u,
IL-8, and VEGF. The biomarker analysis system 100 may
select one or more  cut points (512), for example at a
level where the difference between the cumulative
frequency distribution of measured values in the
disease-positive cohort and in the disease- negative
cohort exceeds a predetermined value. The
predetermined value may be any  suitable threshold,
such as where the cumulative frequency difference
exceeds 10%, with  higher values indicating greater
difference between the positive and negative cohorts.
[00053] The present biomarker analysis system 100 may
seek levels at which the  difference between the
positive and negative cohorts is greatest to establish
out points 640. A  greater difference in the
cumulative frequencies of the discasc-positivc and
-negative states  indicates a propensity to belong to
either the disease-positive or disease-negative
cohort.  Conversely, potential markers that display
less than a 10% difference in cumulative  frequency at
any point are less likely to be informative to a
useful extent and may optionally  be dropped from
further analysis. [00054] A cut point 640 may be
selected even where the differences in cumulative
frequency are low, particularly where the cut point
may be deemed to be particularly  informative, such as
in the case where there are no disease-positive or
disease-negative values  beyond a certain biomarker
level. For example, referring to Figure 9, to detect
breast cancer,  -13 WO 2007/130831 PCT/US2007/067418
cut-points for the biornarker PSA may be selected for
values that are at a local maximum with  an absolute
difference exceeding 10% using a cumulative frequency
plot 900. In this  embodiment, a first cut point 910
is selected at 1.25, a second cut point 920 is
selected at 2.5,  and a third cut point 930 is
selected at 4.5. The differences in the cumulative
frequency  between disease-positive cohort plot 940
and disease-negative cohort plot 950 at each of the
three cut points are 24%, 22%, and 12% respectively.
In this embodiment, the third cut point  930 may be
suitably selected despite the relatively low different
in cumulative frequency  since the lack of
disease-negative values beyond a PSA concentration of
4.5 indicates a point  that is particularly
informative to the distribution. [00055] Referring
again to Figure 5, the raw and/or normalized biomarker
data may he  



compared to the out points (514) and the biomarker
analysis system 100 may record a value  indicating the
result of the comparison as a cut point designator
(516). The cut point  designator may comprise any
suitable value or indicator, such as the difference
between the  value and the out point or other value.
In one embodiment, if a raw or normalized biomarker
level is above the cut point, an integral value of 1
is recorded as the cut point designator and  stored in
the supplemental data, if the level is below the cut
point, an integral value of 0 is  recorded. The
integral values could likewise indicate whether the
biomarker levels are below  the more than one
cut-point, or exceed a cut point for some of a
patient's biomarkers and not  exceeding a cut point
lbr others. Conversion of a continuous variable into a
discrete variable  indicates a propensity to belong to
either a disease-positive or -negative cohort. All
values on  a particular side of a cut point may
receive equal weight, regardless of how high or low
they  may be, which tends to eliminate the influence
of non-Gaussian distributions. [00056] The biomarker
analysis system IOU may also be configured to reduce
the  range of values in data, for example where the
range of measured or normalized level values  for a
biomarker is extremely wide. The range of values may
be narrowed and the number of  extremely high values
reduced, while maintaining a meaningful distinction
between values at  the low and high ends of the range.
The biomarker analysis system 100 may adjust the range
of values in any suitable manner, for example by
raising the measured values to fractional  powers to
obtain a set of reduced values for the biomarker. The
biomarkcr analysis system  100 may select any suitable
exponent values to maintain meaningful distinctions in
the data.  Meaningtltl distinctions can be lost if the
range is narrowed too much by choosing a  factional
power that is too small. [00057] In the present
embodiment, the biomarker analysis system may adjust
the  measured value for each biomarker, such as the
PSA, IL-6, RCP, TNF-a., IL-8, and VLGF  -14 WO
2007/130831 PCT/US2007/067418  biomarkers, in each
cohort member by raising each value to a fractional
power. Multiple  different fractional powers, such as
exponential values ranging from 3/4 to 1/10, such as
2/3  and 1/2, can be included in the analysis for each
biomarker. Each reduced value may be  Included in the
supplemental data associated with the relevant
biomarker's data set. The  biomarker analysis system
100 may analyze the results, such as in the course of
performing  later regression analysis, to identify the
fractional power value(s) that best accommodates the
data, for example by removing those seta of values
that lack statistical significance.  



Exponentially raising measured or normalized level
values by fractional values reduces the  data's range,
allows linear models to better fit non-linear data,
and provides a continuum of  scoring where differing
weights can be applied as high or low values. In an
embodiment  configured to detect breast cancer, for
example, suitable fractional powers for the PSA, I
I.-f,,  RCP, TNF-u., IL-8, and VF-CF biomarkers may
include 1/10, 1/5, 1/3, 1/2, and 2/3 for each of  the
relevant biomarkers. [00058] The biomarker analysis
system 100 may generate the disease status model on
the raw data, the normalized data, any other
supplemental data, and/or any additional disease  risk
factors that may have an impact or influence on
specific risk for development of a  disease. Given the
complexity of human biochemistry, many factors can
affect the measured  concentration of one or more
biomarkers, including, but not limited to, a patient's
demographic characteristics, family history, and
medical history. These factors all increase  the
potential markers' observed variabilities and standard
deviations, masking or obscuring  the relationship to
the disease state, [00059] The biomarker analysis
system 100 may analyze and/or process disease risk
factors that can affect a subject's risk, as well as
biomarker factors that can affect biomarker  levels
differently as described above. The biomarker analysis
system 100 may, for example,  account for disease risk
factors in the overall analysis of the data in
conjunction with  analyzing the marker specific
scores. Considering risk factors accounts for
differences in  prevalence and essentially shifts the
overall score to reflect the prevalence. 1000601 For
example, as with the biomarkcr factors that can
influence measured  biomarker levels, disease risk
factors may be included among the identified variables
in  determining the relationship between the variables
and disease status. The additional disease  risk
factors may be selected according to any suitable
criteria and/or from any suitable  source. For
example, technical literature may identify additional
factors that have an impact  or influence on specific
risk For development of a particular disease of
interest. Specific risk  factors may include, without
limitation, age, race, family history, date of
menarche,  -15 WO 2007/130831 PCT/US2007/067418
menopausal status, depression, disease status,
medication status, body mass index (BMI),  date or
first childbirth, head injuries, and/or other factors.
When such disease risk factors are  known or suspected
to be associated with a disease state, the subject's
medical histories  and/or the actual subject should be
queried about the disease risk factors. This
additional  



subject data may he provided to the biomarker analysis
system 100, which may record the  subjects' disease
risk factor data with the subjects' biomarker factor
data as additional  continuous or discrete variables.
F000611 The biomarker analysis system 100 suitably
analyzes the data to identify  relationships between
the disease state and various raw data, supplemental
data, and/or  subject data. The relationship may be
identified according to any suitable analysis and
criteria. For example, the blomarker analysis system
100 may establish an equation, such as  a linear
equation, that describes a relationship between the
identified variables and disease  status. The
biomarker analysis system 100 may apply any suitable
analysis, such as one or  more conventional regression
analyses (e.g., linear regression, logistic
regression, and/or  Poisson regression) using the
disease status as the dependent variable and one or
more  elements of the raw data and the supplemental
data as the independent variables, or employ  other
analytical approaches, such as a generalized linear
model approach, logit approach,  discriminant function
analysis, analysis or covariance, matrix algebra and
calculus, and/or  receiver operating characteristic
approach. In one embodiment, the biomarker analysis
system 100 automatically generates a statistical model
for determining disease status  according to
diferences between the biomarker data for the relevant
biomarkers of the  respective cohorts. (00062] The
present biomarker analysis system 100 may assess the
relevance of a  biomarker to a particular disease or
condition according to any suitable technique or
process.  In one embodiment., the biornarker analysis
system 100 performs statistical analyses of the
biornarker data, such as statistical significance
analyses. For example, the biomarker analysis  system
100 may automatically generate a disease status model
that eliminates non- informative and some less
informative biomarkers, for example by disregarding
all potential  biomarkers that yield p-values less
than a predetermined value upon statistical analysis
against the disease status. The biomarker analysis
system 100 may determine the relative  contribution or
strength of the remaining individual bioniarkers, for
example by the  coefficients that the model applies to
the markers or by the product of the coefficient of
each  marker and its range of values. Higher
coefficients or products relative to those for other
biomarkers in the model indicate more impact that the
hioniarker may be assigned for  -I(, WO 2007/130831
PCT/US2007/067418  determining the disease state in
the disease status model. In the present embodiment,
the  



analysis may reduce the number of cut points and
fractional exponent values used, in many  cases to a
single cut point and/or fractional exponent. Some of
the factors are likely to relate  to duplicate
Information, so the biomarker analysis system 100 may
select the factor that is  most useful, such as the
factor having the lowest p-value. [00063] Referring to
Figure 7, the hiomarker analysis system 100 may
perform an  iterative analysis either starting with a
single variable and adding variables one at a time, or
starting with all variables and removing variables one
at a time, until all variables are  determined to be
statistically significant, such as by having p-values
lower than a  predetermined level (e.g., without
limitation, p<0.1, p<0.05, or p<0.025) (710). The
iterative  analysis may be configured to identify and
remove biomarker data that is less informative
regarding disease status than other data. For example,
independent variables that demonstrate  a p-value less
than a predetermined value are retained in the model,
while those with p-values  higher than the
predetermined value are discarded (712). The biomarkcr
analysis system 100  may analyze multiple variations
of additions and subtractions of variables to acquire
an  optimal solution (714), for example in maximize
the model's adjusted R squared or the  Bayesian
information criterion and avoid sub-optimizing the
model, For example, the  resultant scoring model may
take the form of the fallowing equation: [00064] y =
m1x1 + m2x2 + mjx" + m,d, + mtid2+ mid., + h [00065]
where y is a continuous variable representing disease
status; [00066] x1.,, are continuous variables, such
as raw biomarker levels measured in  biological
samples and/or normalized or capped values which have
been identified as  statistically significant, such as
raw and supplemental data for the .RCP, TNF-a, IL-8,
and  VEGF biomarkers; [00067] d,.,, are the discrete
variables, such as discrete disease risk factors or
designators in the supplemental data, that have been
identified as statistically significant,  [00068] m1
in,, are coefficients associated with each identified
variable, and [00069] b is the y-intercept of the
equation. [00070] When the remaining variables are
defined and their respective coefficients are
selected, the biomarker analysis system 100
establishes the resulting equation as the disease
status model (716). The biomarker analysis system 100
may establish multiple disease status  models as
candidates for further evaluation. The hiomarker
analysis system 100 may  -17 WO 2007/130831
PCT/US2007/067418  



generate composite scores for various subjects in the
relevant cohorts by multiplying values  for the
variables in the disease status model by the
coefficient determined during modeling  and adding the
products along with the intercept value (718). The
disease status model may  comprise, however, any
suitable model or relationship for predicting disease
status according  to the raw data, supplemental data,
and/or subject data. [00071] The biomarker analysis
system 100 may utilize the results of the analysis of
relationships between the disease state and various
raw data, supplemental data, and/or  subject data to
establish diagnosis criteria for determining disease
status using data identified  as informative. The
biomarker analysis system 100 may establish the
diagnosis criteria  according to any appropriate
process and/or techniques. For example, the biomarker
analysis  system 100 may identify and/or quantify
differences between informative data (and/or
combinations of informative data) for the
disease-positive cohort and corresponding  informative
data (and/or combinations of informative data) for the
disease-negative cohort.  [00072] In the present
embodiment, the biomarker analysis system 100 compares
the  composite scores for the respective cohorts to
identify one or more cut points in the  composite that
may indicate a disease-positive or -negative status.
For example, the  biomarker analysis system 100 may
select and/or retrieve one or more diagnosis cut
points  and compare the composite scores for the
respective cohorts to the diagnosis cut points (722).
The diagnosis cut points may be selected according to
any suitable criteria, such as according  to
differences in median and/or cumulative frequency of
the composite scores for the  respective cohorts.
Alternatively, the cut points may be regular intervals
across the range of  composite scores. [00073] The
biomarker analysis system 100 may compare the
composite score for each  member or a cohort to one or
more cut points and record a value indicating the
result of the  comparison as a composite score cut
point designator (724). The composite score cut point
designator may comprise any suitable value or
indicator, such as the difference between the  value
and the cut point or other value. In one embodiment,
if a composite score is above the  cut point, an
integral value of 1 is recorded as the composite score
cut point designator; if the  level is below the cut
point, an integral value of 0 is recorded. The
integral values could  likewise indicate whether the
composite scores are below more than one cut point.
1.00074'1 In the present embodiment, to determine the
appropriate cut-point for  determining
disease-positive or disease-negative status, each
cohort subject's composite score  is suitably
evaluated at different cut-points which span the
data's range. At each cut point,  



values that are equal to or less than the cut point
may be considered disease-negative and  -18 WO
2007/130831 PCT/US2007/067418  values above the cut
point may be considered disease-positive point, or
vice versa according  to the nature of the
relationship between the data and the disease. The
biomarker analysis  system 100 may compare the
composite score cut point designator for each cut
point  candidate to each cohort member's true
diagnostic state (726), and quantify the test's
performance at each cut-point (728), for example as
defined by sensitivity, specificity, true  positive
fraction, true negative fraction, false positive
fraction, false negative fraction, and so  on. From
the range of evaluated cut-points, the biomarker
analysis system 100 may select  one or more cut points
for future evaluations of data such that sensitivity
is maximized,  specificity is maximized, or the
overall test performance is maximized as a compromise
between maximum sensitivity and specificity. 1000751
In an exemplary embodiment of the present invention
configured to detect the  presence of breast cancer,
referring now to Figure 10, an appropriate cut point
may he  selected by using a data scoring model 1000.
in this embodiment, the data scoring model  1000
includes a table 1020 that indicates test accuracy for
specificity and sensitivity at  various cut points.
Using the data provided in the table 1020, the
biomarker analysis system  100 may select a cut point
1010 to provide an optimum balance between sensitivity
and  specificity, such as at.55 in the present
exemplary embodiment. [00076] The biomarker analysis
system 100 may also be configured to verify validity
of the disease status model. For example, the
biomarker analysis system 100 may receive  blind data
from disease-negative and disease-positive
individuals. The blind data may be  analyzed to arrive
at diagnoses that may he compared to actual diagnoses
to confine that the  disease state model distinguishes
disease-negative and disease-positive solely on the
basis of  the values of measured and determined
variables. If several models are viable, the model
that  has the highest agreement with the clinical
diagnosis may he selected for further evaluation of
subjects. [00077] After the disease; status model has
been established, the biomarker analysis  system 100
may analyze biological sample data and/or subject data
to apply the disease status  model as an indicator of
disease status of individual patients. The relevant
biomarker levels  may be measured and provided to the
biomarker analysis system 100, along with relevant
subject data. 



[00078] The blomarker analysis system 100 may process
the biomarker data, and  subject data, for example to
adjust the biomarker levels in view of any relevant
biornarker  factors. The biomarker analysis system 100
may not utilize various variables, such as one or
more integral values associated with a biomarker
specific cut-point, reduced values, integral  -ig WO
2007/130831 PCT/US2007/067418  values denoting
extraordinary values, and raw or normalized data. Data
that is not needed for  the particular disease status
model may be discarded. The blomarker analysis system
100  may use and/or generate only relevant blomarkers
and variables, which are those that  demonstrate
statistical significance and/or are used in the
disease status model, to evaluate  individual
patients. For example, if the disease status model
originally considered the PSA,  TL-6, RCP, TNF-a,
IL-8, and VEGF blomarkers, but discarded the PSA and
IL- 6 biomarkers  as insignificant or less significant
biomarkers, the biomarker analysis system 100 may
discard  data for the PSA and IL-6 biomarkers and
proceed with analysis of the RCP, TNF-a, IL-8,  and
VEGF biomarkers. [00079] Referring to Figure 8, the
biomarkcr analysis system 100 may perform any
suitable processing of the raw biomarker data and
other patient information. For example,  the biomarkcr
analysis system 100 may establish for each of the
patient's relevant biomarker  levels a designator,
such as an integral value, that indicates whether the
level for each  hiomarker exceeds the relevant
biomarker-specific maximum allowable value designated
in  the disease status model (810). The hiomarker
analysis system 100 may also associate the
corresponding designators with the patient's
supplemental data set, indicating that the raw  value
exceeded the relevant limit. [00080] In addition, the
biomarker analysis system 100 may generate normalized
data  for the patient according to the normalization
criteria established in generating the disease  status
model and the subject data for the patient, such as
the patient's age, smoking habits,  and the like
(812). The normalized data may be added to the
supplemental data for the  patient. [00081] The
hiomarker analysis system 100 may also compare the
patient's raw data  and/or supplemental data to the
biomarkcr cut points and generate cut point
designators for  each relevant biomarker cut point and
the corresponding data (814). The biomarker analysis
system 100 may further establish reduced data values
for the each of the patient's relevant  measured
hiomarker levels, for example by raising the relevant
data to the fractional powers  



used by the disease status model, and associating all
such reduced data values with the  patient's data set
(816). [00082] The biomarker analysis system 100 may
evaluate the raw biomarker data and  any other
relevant data in conjunction with the disease status
model. For example, the  biomarker analysis system 100
may calculate a composite score for the patient using
the  patient's biomarker data and other data and the
disease status model (818). The biomarker  analysis
system 100 may compare the composite score to the
scoring model cut: points (820).  -20 WO 2007/130831
PCT/US2007/067418  Scores above the cut point suggest
that the disease status of the subject is positive,
while  scores below the cut point indicate that the
subject is negative. The biomarker analysis  system
100 may also compare the composite score to boundary
definitions for indeterminate  zone that may be
constructed around the cut-point where no
determination can be made. The  indeterminate zone may
account, for example, for both a patient's biological
variability (the  typical day to day variations in the
biomarkers of interest) and the evaluation methods
error.  [00083] The particular implementations shown
and described are illustrative of the  invention and
its best mode and are not intended to otherwise limit
the scope of the present  invention in any way.
Indeed, for the sake of brevity, conventional
processing, data entry,  computer systems, and other
functional aspects of the system may not be described
in detail.  Furthermore, the connecting lines shown in
the various figures are intended to represent
exemplary functional relationships and/or physical
couplings between the various elements.  Many
alternative or additional functional relationships or
physical connections may be  present in a practical
system. [000841 The present invention has been
described above with reference to a particular
embodiment. However, changes and modifications may be
made to the particular  embodiment without departing
from the scope of the present invention. These and
other  changes or modifications are intended to be
included within the scope of the present  invention.
-21 WO 2007/130831 PCT/US2007/067418  CLAIMS 1. A
method for assessing a disease status or a human,
comprising: obtaining condition-positive biomarker
data for a plurality of biomarkers for a  



condition-positive cohort; obtaining
condition-negative biomarker data for the plurality of
biomarkers for a  condition-negative cohort;
automatically selecting multiple relevant biomarkers
from the plurality of  biomarkers; and generating a
statistical model for determining the disease status
according to a  difference between the biomarker data
For the relevant biomarkcrs of the condition- positive
cohort and the biomarker data fir the relevant
biomarkcrs of the condition- negative cohort. 2.
'I'"he method of claim 1, further comprising:
generating a reduced range biomarker data for the
relevant biomarkers of the  condition-positive cohort
and the reduced range biomarker data for the relevant
biomarkcrs of the condition-negative cohort; and
wherein generating the statistical model includes
generating the statistical model  according to: the
difference between the biomarker data for the relevant
biomarkers of the  condition-positive cohort and the
biomarker data for the relevant biomarkers of the
condition-negative cohort; and a difference between
the reduced range biomarker data for the relevant
biomarkers of the condition-positive cohort and the
reduced range biomarker data for the  relevant
biomarkers of the condition-negative cohort. 3. The
method of claim 2, wherein generating the reduced
range biomarker data comprises  multiplying the
biomarker data by a fractional exponent. -22 WO
2007/130831 PCT/US2007/067418  4. The method of claim
1, further comprising: comparing a cumulative
frequency distribution of the condition-positive
biomarker data for a selected biomarker to a
cumulative frequency distribution of the
condition-negative biomarker data for the selected
biomarker; selecting a cut point for the biornarker
according to a maximum difference  between the
condition-positive cumulative frequency distribution
and the condition- negative cumulative frequency
distribution for the selected hiornarker. 5. The
method of claim 4, further comprising: 



comparing the condition-positive biomarker data and
the condition-negative  biomarker data to the cut
point; and generating a cut point data sot comprising
a sot of discrete values according to  whether each
datum compared to the cut point exceeded the cut
point. 6. The method of claim 1, wherein generating a
statistical model comprises performing an  iterative
analysis on the biomarker data.for the relevant
biomarkers of the condition- positive cohort and the
biomarker data for the relevant biomarkers of the
condition- negative cohort, wherein the iterative
analysis is configured to identify and remove a first
set of data that is less informative as to disease
status than a second set of data. 7. The method of
claim 1., further comprising: comparing the
condition-positive biomarker data and the
condition-negative  biomarker data to a threshold; and
generating multiple discrete values for the
condition-positive biomarker data and the
condition-negative biomarker data compared to the
threshold according to a result of the  comparison;
and generating the statistical model for determining
the disease status according to  differences between
the discrete values for the relevant biomarkers of the
condition- positive cohort and the discrete values for
the biomarker data for the relevant biomarkers  of the
condition-negative cohort. -23 WO 2007/130831
PCT/US2007/067418  8. The method of claim 7, further
comprising generating capped biomarker data for the
condition-positive biomarker data and the
condition-negative biomarker data, wherein  capped
biomarker data comprises: the condition-positive
biomarker data and the condition-negative biomarker
data for  data within a cap limit; and a cap value for
condition-positive biomarker data and the
condition-negative  biomarker data that exceeds the
cap limit. 9. The method of claim 8, further
comprising selecting the cap limit according to a
median  value of at least one of the
condition-positive biomarker data and the
condition-negative  biomarker data. 10. The method of
claim 1, wherein: the statistical model includes at
least one dependent variable and more than one  



independent variable, the disease status is a
dependent variable; and a plurality of magnitudes for
the multiple relevant biomarkers comprise a plurality
of independent variables. I I . A system for assessing
a disease status of a human, comprising a computer
system  configured to: receive condition-positive
biomarker data for a plurality of biomarkers for a
condition-positive cohort; receive condition-negative
biomarker data for the plurality of biomarkers for a
condition-negative cohort; automatically select
multiple relevant biomarkers from the plurality of
biomarkers; and automatically generate a statistical
model for determining the disease status  according to
a difference between the biotarker data for the
relevant biomarkers of the  condition-positive cohort
and the biomarker data for the relevant biomarkers of
the  condition-negative cohort. -24 WO 2007/130831
PCT/US2007/067418  12. The system of claim 11, wherein
the computer system is further configured to:
generating a reduced range biomarker data for the
relevant biomarkers of the  condition-positive cohort
and the reduced range biomarker data for the relevant
blomerkers of the condition-negative cohort; and
automatically generate the statistical model according
to: the difference between the biomarker data for the
relevant biomarkers of the  condition-positive cohort
and the biomarker data for the relevant hiomarkers of
the  condition-negative cohort; and a difference
between the reduced range biomarker data for the
relevant  biomarkers of the condition-positive cohort
and the reduced range biomarker data for the  relevant
hiomarkers of the condition-negative cohort. B. The
system of claim 12, wherein the computer system is
configured generate the reduced  range biomarker data
by multiplying the biomarker data by a fractional
exponent. 14. The system of claim 11, wherein the
computer system is further configured to: compare a
cumulative frequency distribution of the
condition-positive biomarker  



data for a selected biomarker to a cumulative
frequency distribution of the condition- negative
biomarker data for the selected biomarker; select a
cut point for the biomarker according to a maximum
difference between  the condition-positive cumulative
frequency distribution and the condition-negative
cumulative frequency distribution for the selected
biomarker. 15. The system of claim 14, wherein the
computer system is further configured:  compare the
condition-positive biornarker data and the
condition-negative  biomarker data to the cut point;
and generate a cut point data set comprising a set of
discrete values according to  whether each datum
compared to the cut point exceeded the cut point. -25
WO 2007/130831 PCT/US2007/067418  16. The system of
claim 11, wherein the computer system is configured to
automatically generate a statistical model by
performing an iterative analysis on the biomarker data
for  the relevant biornarkers of the
condition-positive cohort and the biomarker data for
the  relevant biomarkers of the condition-negative
cohort, wherein the iterative analysis is  configured
to identify and remove a first set of data that is
less informative as to disease  status than a second
set of data. 17. The system of claim 11, wherein the
computer system is further configured to: compare the
condition-positive biomarker data and the
condition-negative hiomarker  data to a threshold; and
generate multiple discrete values for the
condition-positive biomarker data and the
condition-negative biomarker data compared to the
threshold according to a result of the  comparison;
and automatically generate the statistical model for
determining the disease status  according to
differences between the discrete values for the
relevant biomarkers of the  condition-positive cohort
and the discrete values for the biomarker data for the
relevant  biomarkers of the condition-negative cohort.
18. The system of claim 17, wherein the computer
system is further configured generate  capped
biomarker data for the condition-positive biomarker
data and the condition- negative biomarker data,
wherein capped biomarker data. comprises: the
condition-positive biomarker data and the
condition-negative biomarker data for  data within a
cap limit; and 



a cap value for condition-positive biomarker data and
the condition-negative  biomarker data that exceeds
the cap limit. 19. The system of claim 18, wherein the
computer system is further configured select the cap
limit according to a median value of at least one of
the condition-positive biomarker data  and the
condition-negative biomarker data. -26 WO 2007/130831
PCT/US2007/067418  20. The system ol'claim 11,
wherein: the statistical model includes at least one
dependent variable and more than one  independent
variable, the disease status is a dependent variable;
and a plurality of magnitudes for the multiple
relevant hiomarkers comprise a plurality  of
independent variables. 21. A computer program
configured to cause a computer to execute a method for
assessing a  disease status of a human, the method
comprising: obtaining condition-positive biomarker
data for a plurality of biomarkers for a
condition-positive cohort; obtaining
condition-negative hiomarker data for the plurality of
biomarkers.for a  condition-negative cohort;
automatically selecting multiple relevant biomarkers
from the plurality of  biomarkers; and automatically
generating a statistical model for determining the
disease status  according to a difference between the
hiomarker data for the relevant biomarkcrs of the
condition-positive cohort and the hiomarker data for
the relevant hiomarker~ of the  condition-negative
cohort. 22. The computer program of claim 21, the
method further comprising generating a reduced range
biomarker data for the relevant biomarkers of the
condition-positive cohort and the reduced range
hiomarker data for the relevant  biomarkers of the
condition-negative cohort; and wherein automatically
generating the statistical model includes generating
the  statistical model according to: the difference
between the biomarker data for the relevant biomarkers
of the  condition-positive cohort and the hiomarker
data for the relevant biomarkers of the  



condition-negative cohort; and a difference between
the reduced range biomarker data for the relevant
biomarkers of the condition-positive cohort and the
reduced range biomarker data for the  relevant
biomarkers of the condition-negative cohort. -27 WO
2007/130831 PCT/US2007/067418  23. The computer
program of claim 22, wherein generating the reduced
range hiomurker data comprises multiplying the
biomarker data by a fractional exponent.  24. The
computer program of claim 21, the method further
comprising: comparing a cumulative frequency
distribution of the condition-positive  biomarker data
for a selected biomarker to a cumulative frequency
distribution of the  condition-negative biomarker data
for the selected biomarker; selecting a cut point for
the biomarker according to a maximum difference
between the condition-positive cumulative frequency
distribution and the condition- negative cumulative
frequency distribution for the selected biomarker. 25.
The computer program of claim 24, the method further
comprising: comparing the condition-positive biomarker
data and the condition-negative  biomarker data to the
cut point; and generating a cut point data set
comprising a set of discrete values according to
whether each datum compared to the cut point exceeded
the cut point. 26. The computer program of claim 21,
wherein automatically generating a statistical model
comprises, performing an iterative analysis on the
biomarker data for the relevant  blomarkers of the
condition-positive cohort and the biomarker data for
the relevant  biomarkers of the condition-negative
cohort, wherein the iterative analysis is configured
to identify and remove a first set of data that is
less informative as to disease status than a  second
set of data. 27. The computer program of claim 21, the
method further comprising: comparing the
condition-positive biomarker data and the
condition-negative  biomarker data to a threshold; and
generating multiple discrete values for the
condition-positive biomarker data and the
condition-negative biomarker data compared to the
threshold according to a result ot'the  comparison;
and automatically generating the statistical model for
determining the disease status  



according to differences between the discrete values
for the relevant biomarkers of the  condition-positive
cohort and the discrete values for the biomarker data
for the relevant  hiomarkers of the condition-negative
cohort. -28 WO 2007/130831 PCT/US2007/067418  28. The
computer program orclaim 27, the method further
comprising generating capped biomarker data for the
condition-positive biomarker data and the
condition-negative  biomarker data, wherein capped
biomarker data comprises: the condition-positive
biomarker data and the condition-negative hiomarker
data for  data within a cap limit; and a cap value for
condition-positive biomarker data and the
condition-negative  biomnarker data that exceeds the
cap limit. 29. The computer program of claim 28, the
method further comprising selecting the cap limit
according to a median value of at least one of the
condition-positive biomarker data and  the
condition-negative biomarker data. 30. The computer
program of claim 21, wherein: the statistical model
includes at least one dependent variable and more than
one  independent variable, the disease status is a
dependent variable; and a plurality of magnitudes rear
the multiple relevant biomarkers comprise a plurality
of  independent variables. -29 


