
BIOMARICERS USEFUL FOR DIAGNOSING PROSTATE CANCER, AND METHODS THEREOF
FIELD OF INVENTION [0001] The present invention relates to small molecules
or metabolites that are found to have significantly different abundances or
intensities between clinically diagnosed prostate cancer-positive patients
and normal patients. The present invention also relates to methods for
diagnosing prostate cancer, or the risk of developing prostate cancer.
BACKGROUND OF THE INVENTION [0002] Prostate cancer will affect one in every
six men during their lifetime, with over 200,000 diagnoses and 30,000
deaths per year in the U.S. alone (1). It is the second leading cause of
death due to cancer in men. Current screening methods for prostate cancer
include the prostate-specific antigen (PSA) test, which detects the levels
of prostate-specific antigen in a blood sample, and digital rectal
examination (DRE). Although 60 to 70% of at-risk men in the U.S. have
undergone PSA testing since the test was adopted, prostate cancer death
rates have only slightly decreased. This is largely due to two reasons: I)
the fact that PSA testing fails to identify a subset of aggressive cancers,
and 2) that only about 30% of men with a positive PSA test have a positive
biopsy. Diagnosis is further complicated by the fact that of all men
treated for prostate cancer, about 25% have disease recurrence and require
additional treatment, while in other cases some tumors never progress at
all and may be better left untreated. Therefore, a key issue with prostate
cancer diagnosis today is the inability to predict the course of the
disease. Together, these statistics have made prostate screening with
conventional methods a controversial issue. The ideal prostate cancer
biomarker(s) would therefore be suitable for early detection, as well as
have the ability to predict disease aggressiveness and ideally to be able
to monitor disease progression during therapy or post surgery. [0003]
Currently, PSA is recognized as the best available serum marker for
prostate cancer, however, there is substantial room for improvement. The
impact of PSA testing, beginning in the early 1990s, can be seen by
decreases in the numbers of men diagnosed with metastasis, concurrent with
overall decreased mortality (2). However, this may be due to the fact that
PSA screening increased awareness of prostate cancer, which  ultimately
stimulated the analysis of more biopsies. Calculating the performance
characteristics (sensitivity and specificity) of the PSA test is difficult
because of ethnicity-related difference in incidence, and that in most
studies, the percentage of biopsies performed is higher than what would
normally be performed in clinical practice. In the Prostate Cancer
Prevention Trial (PCPT) (3), the false-negative rate for detection of
high-grade tumors was at least 15%, with a false-positive rate of 70% (i.e.
only 30% of men with elevated PSA have a positive biopsy). In another
study, the Physician's Health Study (4), the sensitivity for aggressive
cancer over a four-year period was 87%, but dropped to 53% for
non-aggressive cancers. There have been many other studies carried out to
assess PSA sensitivity, but the latest findings claim overall sensitivity
to be at best 73% (5). Lowering the PSA threshold would detect more
cancers, but at the cost ofmore false-positives and subsequently more
biopsies. To complicate matters thither, it appears that due to increased
prevalence of benign prostatic hyperplasia (BPH) in the ageing male
population, the sensitivity of the P SA test with a cut-point of 4 ng/ml
decreases with age. [0004] PSA alone cannot diagnose prostate cancer.
Diagnosis is a complex process, which involves integrating the results of a
physical examination, a PSA test, the Gleason grade (by assessing glandular
architecture at biopsy) and possibly other lab tests. [0005] It is clear
that there is a need for improving prostate cancer detection. A test that
is able to detect risk for, or the presence of, prostate cancer or that can
predict aggressive disease with high specificity and sensitivity would be
very beneficial and would impact prostate cancer morbidity. The claimed
invention describes the discovery of molecules present in serum samples
which show a differential pattern of abundances between prostate cancer
patients and normal individuals. SUMMARY OF THE INVENTION [0006] The
present invention relates to small molecules or metabolites that are found
to have significantly different abundances or intensities between
clinically diagnosed prostate cancer-positive patients and normal patients.
The present invention also relates to methods for diagnosing prostate
cancer, or the risk of developing prostate cancer. [0007] The present
invention provides a method for identifying, validating, and implementing a
high-throughput screening (HTS) assay for the diagnosis of a health-state
indicative of prostate cancer. In a particular example, the method
encompasses the analysis of prostate cancer-specific and normal biological
samples using non-targeted FTMS technology to identify all statistically
significant metabolite features which differ between normal and prostate
cancer-positive biological samples, followed by the selection of the
optimal feature subset using statistics and chemical properties of the
molecules, and characterization of the feature set using methods including,
but not limited to, chromatographic separation, mass spectrometry (MS/MS),
and nuclear magnetic resonance (NMR), for the purposes of: I. separating
and identifying retention times of the metabolites;  2. producing
descriptive MS/MS fragmentation patterns specific for each metabolite;  3.
characterization of molecular structures; and  4. developing a
high-throughput quantitative or semi-quantitative MS/MS-based diagnostic
assay. [0008] The present invention further provides a method for the
diagnosis of prostate cancer or the risk of developing prostate cancer in
humans by measuring the levels of specific small molecules present in a
sample and comparing them to "normal" reference levels. The methods measure
the intensities of specific small molecules, also referred to as
metabolites, in the sample from the patient and compare these intensities
to the intensities observed in a population of healthy individuals. [0009]
The present invention provides a method of identifying one or more than one
metabolite marker for diagnosing prostate cancer, comprising the steps of 



a) introducing one or more than one sample from one or more than one
patient with prostate cancer, said sample containing a plurality of
metabolites into a high resolution mass spectrometer  b) obtaining
quantifying data for the metabolites;  c) creating a database of said
quantifying data;  d) comparing the identifying and quantifying data from
the sample with corresponding data from a sample from one or more than one
reference sample; and e) identifying one or more than one metabolite marker
that differs between said sample and said one or more than one reference
sample. [0010] The metabolite markers are selected from the metabolites
listed in Table 1, or any combination thereof. The method may further
comprise selecting a minimal number of metabolite markers needed for
optimal diagnosis. The high resolution mass spectrometer may be a Fourier
Transform Ion Cyclotron Resonance Mass Spectrometer (FTMS). [0011] The
present invention also provides a method for diagnosing prostate cancer or
the risk of prostate cancer in a patient, the method comprising the steps
of a) obtaining a sample from said patient; b) analyzing said sample to
obtain quantifying data for one or more than one metabolite marker; e)
comparing the quantifying data for said one or more than one metabolite
marker to corresponding data obtained from one or more than one reference
sample; and  d) using said comparison to differentially diagnose prostate
cancer or the risk of prostate cancer. [0012] The one or more than one
metabolite marker is selected from the metabolites listed in Table 1, or
any combination thereof. The diagnostic method above may comprise analyzing
the sample by liquid chromatography mass spectrometry (LC-MS) in step b).
Alternatively, when the method is a highthroughput method, step b) may
comprise analyzing the sample by either liquid chromatography or direct
injection followed by linear ion trap tandem mass spectrometry. [0013] In
the method as described above, the one or more than one reference sample
may be a plurality of samples obtained from control individuals; one or
more than one baseline sample obtained from the patient at an earlier date;
or a combination thereof.  [0014] In another embodiment of the present
invention, there is provided a method for diagnosing prostate cancer or the
risk of prostate cancer in a patient, the method comprising the steps of:
a) obtaining a sample from said patient; b) analyzing said sample to obtain
quantifiying data for one or more than one metabolite marker; c) obtaining
a ratio for each of the one or more than one metabolite marker to an
internal control metabolite; d) comparing each ratio of said one or more
than one metabolite marker to the internal control metabolite to
corresponding data obtained from one or more than one reference sample; and



e) using said comparison to diagnose prostate cancer or the risk of
prostate cancer. [0015] The diagnostic method above may comprise one or
more than one metabolite marker selected from metabolites listed in Table
1, or any combination thereof. The diagnostic method above may comprise
analyzing the sample by liquid chromatography mass spectrometry (LC-MS) in
step b). Alternatively, when the method is a highthroughput method, step b)
may comprise analyzing the sample by either direct injection or liquid
chromatography and linear ion trap tandem mass spectrometry. [0016] In the
method as described above, the one or more than one reference sample may be
a plurality of samples obtained from control individuals; one or more than
one baseline sample obtained from the patient at an earlier date; or a
combination thereof. [0017] The present invention further provides a method
for evaluating the efficacy of a therapy for treating prostate cancer in a
patient, comprising:  a) obtaining a sample from said patient;  b)
analyzing said sample to obtain quantifying data for one or more than one
metabolite marker;   c) comparing said quantifying data to corresponding
data obtained from one or more than one reference sample; and  d) using
said comparison to determine whether the therapy is improving the health
state of the patient, [0018] wherein the one or more than one metabolite
marker is selected from metabolites listed in Table 1, or any combination
thereof. The diagnostic method above may comprise analyzing the sample by
liquid chromatography mass spectrometry (LC-MS) in step b). Alternatively,
when the method is a highthroughput method, step b) may comprise analyzing
the sample by direct injection or liquid chromatography and linear ion trap
tandem mass spectrometry. [0019] In the method as described above, the one
or more than one reference sample may be a plurality of samples obtained
from control individuals; one or more than one pre-therapy baseline sample
obtained from the patient; or a combination thereof. [0020] In yet another
embodiment of the present invention, there is provided a method for
evaluating the efficacy of a therapy for treating prostate cancer in a
patient, comprising: a) obtaining a sample from said patient; b) analyzing
said sample to obtain quantifying data for one or more than one metabolite
marker;  c) obtaining a ratio for each of the one or more than one
metabolite marker to an internal control metabolite; d) comparing each
ratio of said one or more than one metabolite marker to the internal
control metabolite to corresponding data obtained from one or more than one
reference sample; and  e) using said comparison to determine whether the
therapy is improving the health state of the patient,  comprise analyzing
the sample by liquid chromatography mass spectrometry (LC-MS) in step b).
Alternatively, when the method is a highthroughput method, step b) may
comprise analyzing the sample by direct injection or liquid chromatography
and linear ion trap tandem mass spectrometry. [0022] In the method as
described above, the one or more than one reference sample may be a
plurality of samples obtained from control individuals; one or more than
one pre-therapy baseline sample obtained from the patient; or a combination
thereof. [0023] The methods described herein may be combined with other
methods for monitoring prostate cancer, for example the PSA test. [0024] In
the diagnostic methods and methods of evaluating the efficacy of treatment
as described above, the one or more than one metabolite marker may be
selected from the group consisting of lysophospholipids, including
lysophosphatidylcholines, lysophosphatidylethanolamines,
lysophosphatidyldimethylethanolamines, lysophosphatidylserines,
lysosphingosylphosphorylcholines, lysophosphatidylglycerols
lysophosphatidylinositols, platelet activating factors (PAFs), and
combinations thereof. For example, the one or more than one metabolite
marker may comprise metabolites with accurate masses measured in Daltons
of, or substantially equivalent to, a) 495.3328, b) 517.3148, c) 519.3328,
d) 521.3480, e) 523.3640, f) 541.3148, g) 545.3460, h) 481.3171, i) 531.3
123, j) 541.3422, k) 555.3101, I) 565.3394, m) 567.3546, and n) 569.3687.
In methods where the quantifying data for the one or more than one
metabolite is compared, these metabolites are observed to be decreased in
patients with prostate cancer. In methods where a ratio for the one or more
than one metabolite to the internal control metabolite is compared, the
ratio of metabolite to internal control metabolite is decreased in patients
with prostate cancer. 



[0025] The metabolites a) to g) are lysophosphatidylcholine-related
compounds and metabolites h) to n) are putatively N,N-dimethyl
lysophosphatidylethanolamine-related compounds. Metabolites a) to n) may be
further characterized by an MS/MS spectrum as shown in a) Figure 7, and/or
as described in Table 3; b) Figure 8, and/or as described in Table 4; c)
Figure 9, and/or as described in Table 5; d) Figure 10, and/or as described
in Table 6; e) Figure 11, and/or as described in Table 7; 0 Figure 12,
and/or as described in  Table 8; g) Figure 13, and/or as described in Table
9; II) Figure 14, and/or as described in Table 12; i) Figure 15, and/or as
described in Table 13;]) Figure 16, and/or as described in Table 14; k)
Figure 17, and/or as described in Table 15; 1) Figure 18, and/or as
described in Table 16; m) Figure 19, and/or as described in Table 17; and
n) Figure 20, and/or as described in Table 18, respectively. [0026]
Additionally, the one or more than one metabolite above may be further
characterized by molecular formula a) C2411501%10713, b) C261-1481q071), c)
CzasoNOR, d) C26H52N0713, e) C26H54NOR, C281-148NOR, g) C281-152N07P, h)
C23H48N0713, i) C301146NO5P, j) C25H52N09P, k) C25H30NOioP, 0 C27H52N09P,
m) C271-154N09P, and n) C271156N09P, respectively. The structures of the
one or more than one metabolite may be characterized as follows: 0.9.0
h)IOH  0 j) OH 0 k)  COON n OH  yelsHal  OH 0 D IOH0 OH 9 



oycnHn )IOHoand OH 9 )IOH respectively. Oyal7H35  [0027] The present
invention also provides novel compounds. These compounds are selected from
the group consisting of the metabolites with accurate masses measured in
Daltons of, or substantially equivalent to, a) 531.3123, b) 541.3422, c)
555.3101, d) 565.3394, e) 567.3546, and f) 569.3687. [0028] The compounds
described above may be further characterized by an MS/MS spectrum as shown
in a) Figure 15, and/or as described in Table 13; b) Figure 16, and/or as
described in Table 14; c) Figure 17, and/or as described in Table 15; d)
Figure 18, and/or as described in Table 16; e) Figure 19, and/or as
described in Table 17; and f) Figure 20, and/or as described in Table 18,
respectively.  [0029] Likewise the compounds described above may be further
characterized by an MS/MS spectrum as shown in tables 12 through 18,
respectively. [0030] The compounds may also be further characterized by
molecular formula a) C301446N05P, b) C25H52N09P, c) C25HSO1W1oP,
C27H52NO9P, C271154N09P, and t) C271-I56NO9P, respectively. In addition,
the compounds described above may be characterized by the putative
structures OtiOH C H b) IOH 



COOH n0 51,1 OH0 OH 0 d) IOH0 LOH Oyent133 e) OH0 /CI OH 0 0 IOH0
respectively. [0031] The novel compounds of the present invention may be
used for the diagnosis of prostate cancer, or for evaluating the efficacy
of treatment of prostate cancer in a patient. [0032] The present invention
may significantly impact the ability to detect prostate cancer or the risk
of developing prostate cancer, and may save lives. The statistical
performance of a test based on these samples suggests that the test will
outperform the PSA test, the only other serum-based diagnostic test for
prostate cancer. Alternatively, a  combination of the methods described
herein and the PSA test may improve the overall diagnostic performance of
each test. [0033] The methods of the present invention, including HTS
assays, can be used for the following, wherein the specific "health-state"
refers to, but is not limited to prostate cancer: [0034] 1. identifying
small-molecule metabolite biomarkers which can discriminate between
prostate cancer-positive and prostate cancer-negative individuals using any
biological sample, such as a serum sample, taken from the individual;
[0035] 2. specifically diagnosing prostate cancer using metabolites
identified in a sample such as serum, plasma, whole blood, and/or other
tissue biopsy as described herein; [0036] 3. selecting the minimal number
of metabolite features required for optimal diagnostic assay performance
statistics using uni- or multivariate statistical methods and relevant
chemical information about the molecules such as those mentioned herein;
[0037] 4. identifying structural characteristics of biomarker metabolites
selected from non-targeted metabolomic analysis using LC-MS/MS, MS n and
NMR; [0038] 5. developing a high-throughput triple-quadrupole MS/MS method
for assaying selected metabolite levels in a sample; 



[0039] 6. diagnosing prostate cancer, or the risk of developing prostate
cancer, by determining the levels of any combination of metabolite features
disclosed from the FTMS analysis of patient sample, using any method
including but not limited to mass spectrometry, NMR, UV detection, ELISA
(enzyme-linked immunosorbant assay), chemical reaction, image analysis, or
other; [0040] 7. monitoring any therapeutic treatment of prostate cancer,
including drug (chemotherapy), radiation therapy, surgery, dietary,
lifestyle effects or other; and/or [0041] 9. longitudinal monitoring or
screening of the general population for prostate cancer using any single or
combination of features disclosed in the method.  [0042] The impact of the
present invention on the diagnosis of prostate cancer would be tremendous,
as literally everyone could be screened longitudinally throughout their
lifetime to assess risk. Given that the performance characteristics of the
test of the present invention are representative for the general
population, this test alone may be superior to any other currently
available screening method, as it may have the potential to detect disease
progression prior to the emergence of clinical symptoms. [0043] This
summary of the invention does not necessarily describe all features of the
invention. BRIEF DESCRIPTION OF THE DRAWINGS [0044] These and other
features of the invention will become more apparent from the following
description in which reference is made to the appended drawings wherein:
[0045] FIGURE 1 shows a summary of the steps involved in the discovery,
identification and characterization of metabolites, including those
relating to lysophospholipid species, which are associated with the
presence of prostate cancer. [0046] FIGURE 2 shows a principle component
analysis (PCA) plot generated from the 492 masses with p-values less than
0.05. Each point on the plot represents a single patient sample, while the
dotted line represents the boundary between which most of the prostate
cancer subjects (in black) and the controls (grey), can be separated.
[0047] FIGURE 3 shows a PCA plot generated from a subset of 14 masses
selected from the 492 with p-values < 0.05. A high degree of discrimination
between the prostate cancer subjects (black points) and the control
subjects (grey points) is evident using only the 14 masses. The dotted line
shows the boundary between the two cohorts, which when used as a cutoff
value results in 84% sensitivity (84% of cancers detected) and 100%
specificity (no controls being classified as cancer, or false positives).
[0048] FIGURE 4 shows a bar graph of the average relative intensities of
the 14 selected masses in the control (grey) and the prostate cancer
subjects (black). Error bars = 1 s.d. [0049] FIGURE 5 shows a series of
extracted mass spectra for metabolites eluting between 16 and 18 minutes of
chromatographic separation on HPLC, as detected using  time-of-flight (TOF)
MS. The box indicates a region of metabolite masses detected between
approximately 450 and 600 daltons in control serum (A), but absent from
prostate cancer-positive serum (B). The lower panel (C) indicates the net
difference between the control and prostate cancer spectra. [0050] FIGURE 6
shows a graph of the 14 said metabolites as detected using TOP-MS following
HPLC. Error bars = 1 s.d. [0051] FIGURE 7 shows the MS/MS extracted mass
spectra for 495.3328 (496.3401 [M+H]), at collision energy voltages of 20
(A), 35 (B) and 50 (C) volts, respectively. [0052] FIGURE 8 shows the MS/MS
extracted mass spectra for 517.3148 (518.3219 [M+H]), at collision energy
voltages of 20 (A), 35 (B) and 50 (C) volts, respectively. [0053] FIGURE 9
shows the MS/MS extracted mass spectra for 519.3328 (520.3401 [M+H]), at
collision energy voltages of 20 (A), 35(B) and 50(C) volts, respectively.
[0054] FIGURE 10 shows the MS/MS extracted mass spectra for 521.3480
(522.3554 [M+H]), at collision energy voltages of 20 (A), 35 (B) and 50 (C)
volts, respectively. 



[0055] FIGURE 11 shows the MS/MS extracted mass spectra for 523.3640
(524.3713 [M+H]), at collision energy voltages of 20 (A), 35 (B) and 50 (C)
volts, respectively. [0056] FIGURE 12 shows the MS/MS extracted mass
spectra for 541.3148 (542.3219 [M+H]), at collision energy voltages of 20
(A), 35 (B) and 50 (C) volts, respectively. [0057] FIGURE 13 shows the
MS/MS extracted mass spectra for 545.3460 (546.3534 [M+11]), at collision
energy voltages of 20 (A), 35 (B) and 50 (C) volts, respectively. [0058]
FIGURE 14 shows the MS/MS extracted mass spectra for 481.3171 (480.3091
[M-11]), at collision energy voltages of 20 (A), 35 (B) and 50 (C) volts,
respectively. [0059] FIGURE 15 shows the MS/MS extracted mass spectra for
531.3123 (530.3035 [M-H]), at collision energy voltages of 20 (A), 35 (B)
and 50(C) volts, respectively. [0060] FIGURE 16 shows the MS/MS extracted
mass spectra for 541.3422 (540.3335 [M-H]), at collision energy voltages of
20 (A), 35 (B) and 50 (C) volts, respectively.  [0061] FIGURE 17 shows the
MS/MS extracted mass spectra for 555.3101 (554.3013 [M-11]), at collision
energy voltages of 20 (A), 35 (B) and 50 (C) volts, respectively. [0062]
FIGURE 18 shows the MS/MS extracted mass spectra for 565.3394 (564.3306
[M-1-1]), at collision energy voltages of 20 (A), 35 (B) and 50 (C) volts,
respectively. [0063] FIGURE 19 shows the MS/MS extracted mass spectra for
567.3546 (566.3459 [M-H]), at collision energy voltages of 20 (A), 35 (B)
and 50 (C) volts, respectively. [0064] FIGURE 20 shows the MS/MS extracted
mass spectra for 569.3687 (568.3598 [M-H]), at collision energy voltages of
20 (A), 35(B) and 50 (C) volts, respectively. [0065] FIGURE 21 shows A),
the list of the parent-daughter ion transitions used for the positive ESI
triple-quadrupole HTS method as well as the R-squared correlation
coefficient resulting from calculation of linearity across five diluted
samples. B), Standard curve for transition 496.3/184.2a1. C). The average
ratio (biomarker:IS peak area) for each transtion in the prostate (black)
and control (grey) subjects. [0066] FIGURE 22 shows A), a scatter plot of
the positive ESI HTS patient scores for 147 male controls (grey squeares)
and 24 prostate cancer patients (black triangles). B), frequency histogram
showing the distribution of the control population (grey) and prostate
cancer subjects (black) according to binned patient scores. [0067] FIGURE
23 shows A), the list of the parent-daughter ion transitions used for the
negative ESI triple-quadrupole HTS method as well as the R-squared
correlation coefficient resulting from calculation of linearity across five
diluted samples. B), Standard curve for transition 480.3/255.4a1. C). The
average ratio (biomarker:IS peak area) for each transtion in the prostate
(black) and control (grey) subjects. [0068] FIGURE 24 shows A), a scatter
plot of the negative ESI HTS patient scores for 147 male controls (grey
squeares) and 24 prostate cancer patients (black triangles). B), frequency
histogram showing the distribution of the control population (grey) and
prostate cancer subjects (black) according to binned patient scores.
DETAILED DESCRIPTION [0069] The present invention relates to small
molecules or metabolites that are found to have significantly different
abundances or intensities between clinically diagnosed prostate
cancer-positive patients and normal patients. The present invention also
relates to methods for diagnosing prostate cancer, or the risk of
developing prostate cancer. [0070] The present invention provides novel
methods for discovering, validating, and implementing a diagnosis method
for prostate cancer. In one embodiment of the present invention, there is
provided a method for identifying specific biomarkers for diagnosing
prostate cancer comprising the steps of: introducing one or more than one
sample from one or more than one patient with prostate cancer, said sample
containing a plurality of metabolites into a high resolution mass
spectrometer (for example, and without wishing to be limiting, a Fourier
Transform Ion Cyclotron Resonance Mass Spectrometer (FTMS)); obtaining,
identifying and quantifying data for the metabolites; creating a database
of said quantifying data; comparing the quantifying data from the sample
with corresponding data obtained from one or more than one sample from a
control patient; identifying one or more than one metabolites that differ.
The metabolite markers identified using the method of the present invention
may include the metabolites listed in Table 1. The method may further
comprise selecting the minimal number of metabolite markers needed for
optimal diagnosis. [00711 In order to determine the biochemical markers of
a given health-state in a particular population, a group of patients
representative of the health state (i.e., a particular disease) and/or a
group of "normal" or "control" counterparts (i.e., individuals that do not
suffer from the particular health state) are required. Biological samples
taken from the patients in the particular health state can then be compared
to the same samples taken from the normal population as well as to patients
in similar health-state category in the hopes of identifying biochemical
differences between the two groups, by analyzing the biochemicals present
in the samples using analytical methods including, but not limited to, FTMS
and/or LC-MS. [0072] The method for the discovery of metabolite markers as
described above may be 



done using non-targeted metabolomic strategies or methods. Multiple
non-targeted  metabolomics strategies have been described in the scientific
literature including NMR (6), GC-MS (7), LC-MS (8), and FTMS strategies
(9-11). The metabolic profiling strategy employed for the discovery of
differentially expressed metabolites in the present invention was the
non-targeted FTMS strategy by Phenomenome Discoveries [21,24-27; see also
US Published Application No. 2004-0029120 Al, Canadian Application No.
2,298,181, and WO 01575181 Non-targeted analysis involves the measurement
of as many molecules in a sample as possible, without any prior knowledge
or selection of components prior to the analysis. Therefore, the potential
for non-targeted analysis to discover novel metabolite biomarkers is high
versus targeted methods, which detect a predefined list of molecules. The
present invention uses a non-targeted method to identify metabolite
components in serum samples that differ between individuals with prostate
cancer and control individuals (i.e., individuals that do not have prostate
cancer). [0073] However, a person skilled in the art would recognize that
other metabolite profiling strategies could be used to discover some or all
of the differentially regulated metabolites disclosed in the present
invention and that the metabolites described herein, however discovered or
measured, represent unique chemical entities that are independent of the
analytical technology that may be used to detect and measure them. For
example, and without wishing to be limiting in any manner, other methods of
metabolite detection could be used, for example other MS-based platforms,
ELISAs, colorimetrie assays, etc. [0074] The present invention also
provides a method for diagnosing prostate cancer or the risk of developing
prostate cancer in a patient, the method comprising the steps of:  a)
obtaining a sample from said patient; b) analyzing said sample to obtain
quantifiying data for one or more than one metabolite marker;  c) comparing
the quantifying data for said one or more than one metabolite marker to
corresponding data obtained from one or more than one reference sample; and
d) using said comparison to diagnose prostate cancer or the risk of
developing prostate cancer.  [0075] The step of analyzing the sample (steb
b) may comprise analyzing the sample using a mass spectrometer (MS). For
example, and without wishing to be limiting, such mass spectrometer could
be of the FTMS, orbitrap, time-of-flight (TOE) or quadrupole types.
Alternatively, the mass spectrometer could be equipped with an additional
pre-detector mass filter. For example, and without wishing to be limiting
such instruments are commonly referred to as quadrupole-FTMS (Q-FTMS),
quadrupole -TOF (Q-TOF) or triple quadrupole (TQ or QQQ). In addition, the
mass spectrometer could be operated in either the parent ion detection mode
(MS) or in MSn mode, where n>=2. MSn refers to the situation where the
parent ion is fragmented by collision induced dissociation (CID) or other
fragmentation procedures to create fragment ions, and then one or more than
one of said fragments are detected by the mass spectrometer. Such fragments
can then be further fragmented to create further fragments. Alternatively,
the sample could be introduced into the mass spectrometer using a liquid or
gas chromatographic system or by direct injection. [0076] In the methods of
the present invention, any type of biological sample that originates from
anywhere within the body, for example but not limited to, blood
(serum/plasma), CSF, urine, stool, breath, saliva, or biopsy of any solid
tissue including tumor, adjacent normal, smooth and skeletal muscle,
adipose tissue, liver, skin, hair, brain, kidney, pancreas, lung, colon,
stomach, or other maybe used. Of particular interest are samples that are
serum. While the term "serum" is used herein, those skilled in the art will
recognize that plasma or whole blood or a sub-fraction of whole blood may
also be used. [0077] The biological samples may be obtained in both normal
and prostate cancer-positive groups from a diverse population of
individuals, ranging in age, ethnicity, weight, occupation, and displaying
varying non-prostate cancer-related health-states. Choosing subjects in
this way introduces more variability into a dataset, however, reduces
potential confounding bias that ultimately results in a more robust set of
biomarkers (since it can still detect disease in the presence of many other
variables). [0078] In a non-limiting example, when a blood sample is drawn
from a patient there are several ways in which the sample can be processed.
The range of processing can be as 



little as none (i.e. frozen whole blood) or as complex as the isolation of
a particular cell  type. The most common and routine procedures involve the
preparation of either serum or plasma from whole blood. All blood sample
processing methods, including spotting of blood samples onto solid-phase
supports, such as filter paper or other immobile materials, are also
contemplated by the present invention. [0079] Without wishing to be
limiting in any manner, the processed blood or serum or sample described
above may then be further processed to make it compatible with the
methodical analysis technique to be employed in the detection and
measurement of the metabolites contained within the processed serum or
blood sample. The types of processing can range from as little as no
further processing to as complex as differential extraction and chemical
derivatization. Extraction methods could include sonication, soxhlet
extraction, microwave assisted extraction (MAE), supercritical fluid
extraction (SFE), accelerated solvent extraction (ASE), pressurized liquid
extraction (PLE), pressurized hot water extraction (PHWE) and/or surfactant
assisted extraction (PHWE) in common solvents such as methanol, ethanol,
mixtures of alcohols and water, or organic solvents such as ethyl acetate
or hexane. A method of particular interest for extracting metabolites for
FTMS non-targeted analysis as well as for direct injection on triple
quadrupole mass spectrometers, is to perform a liquid/liquid extraction
whereby non- polar metabolites dissolve in an organic solvent and polar
metabolites dissolve in an aqueous solvent. [0080] The extracted samples
may be analyzed using any suitable method known in the art. For example,
and without wishing to be limiting in any manner, extracts of biological
samples are amenable to analysis on essentially any mass spectrometry
platform, either by direct injection or following chromatographic
separation. Typical mass spectrometers are comprised of a source which
ionizes molecules within the sample, and a detector for detecting the
ionized molecules or fragments of molecules. Non-limiting examples of
common sources include electron impact, electrospraY ionization (ESI),
atmospheric pressure chemical ionization (APCI), atmospheric pressure photo
ionization (APPI), matrix assisted laser desorption ionization (MALDI),
surface enhanced laser desorption ionization (SELDI), and derivations
thereof. Common mass separation and detection systems can include
quadrupole, quadrupole ion trap, linear ion trap, timeof-flight (TOP),
magnetic sector, ion cyclotron (FTMS), Orbitrap, and derivations and
combinations thereof. The advantage of FTMS over other MS-based platforms
is its high  resolving capability that allows for the separation of
metabolites differing by only hundredths of a Dalton, many which would be
missed by lower resolution instruments. [0081] By the term "metabolite", it
is meant specific small molecules, the levels or intensities of which are
measured in a sample, and that may be used as markers to diagnose a disease
state. These small molecules may also be referred to herein as "metabolite
marker", "metabolite component", "biomarker", "biochemical marker", or
"metabolite feature". [00821 The metabolites are generally characterized by
their accurate mass, as measured by mass spectrometry technique used in the
above method. The accurate mass may also be referred to as "accurate
neutral mass" or "neutral mass". The accurate mass of a metabolite is given
herein in Dalions (Da), or a mass substantially equivalent thereto. By
"substantially equivalent thereto", it is meant that a +/- 5 ppm (part per
million) difference in the accurate mass would indicate the same
metabolite, as would be recognized by a person of skill in the art. The
mass accuracy is the difference which is observed between the theoretical
mass and a measured mass: delta mass accuracy (Arn)--- mreal - mmeasured,
which is often expressed in parts per million (ppm). Ppm is defined as
1,000,000 * Am accuracy / mmeasured (for example, theoretical mass: 1000,
measured mass: 999.9 error 100 ppm). [0083] The accurate mass is given as
the mass of the neutral metabolite. As would be recognized by a person of
skill in the art, the ionization of the metabolites, which occurs during
analysis of the sample, the metabolite will cause either a loss or gain of
one or more hydrogen atoms and a loss or gain of an electron. This changes
the accurate mass to the "ionized mass", which differs from the accurate
mass by the mass of hydrogens and electrons lost or gained during
ionization. Unless otherwise specified, the accurate neutral mass will be
referred to herein [0084] Similarly, when a metabolite is described by its
molecular formula or structure, the molecular formula or structure of the
neutral metabolite will be given, unless otherwise specified. Naturally,
the molecular formula or structure of the ionized metabolite will differ
from the neutral molecular formula or structure by the number of hydrogens
lost or gained during ionization. 



[0085] Data is collected during analysis and quantifying data for one or
more than one metabolite is obtained. "Quantifying data" is obtained by
measuring the levels or intensities of specific metabolites present in a
sample. The measurement itself could be a relative measurement (e.g.
comparison of intensity to another sample or distribution), or a
quantitative measurement (e.g. a concentration such as X mg/ml). [0086] The
quantifying data is compared to corresponding data from one or more than
one reference sample. The "reference sample", also referred to herein as a
"control sample", is any suitable reference sample for the particular
disease state. For example, and without wishing to be limiting in any
manner, in the present invention the reference sample may be a sample from
a control individual, i.e., a person not suffering from prostate cancer
(also referred to herein as a "normal", "control", or "reference"
individual or patient); the reference sample may also be a sample obtained
from a patient with prostate cancer. As would be understood by a person of
skill in the art, more than one reference sample may be used for comparison
to the quantifying data. For example and without wishing to be limiting,
the one or more than one reference sample may be a first reference sample
obtained from a control individual. The one or more than one reference
sample may also be a sample obtained from a patient at an earlier date;
this would allow longitudinal monitoring of a patient's health state
throughout their lifetime. Such samples could be collected over successive
intervals of time. In another example, the reference sample could also be
obtained from a patient with prostate cancer prior to therapy (i.e.,
pre-therapy) in order to monitor the efficacy of the therapy administered.
A person of skill in the art would also recognize that a combination of
such reference samples could be used in the methods of the present
invention. [0087] The present invention also provides novel compounds,
identified using the methods of the present invention. The novel compounds
may be used as metabolite markers in the diagnosis of prostate cancer or
the risk of developing prostate cancer, as described above. [00881 In one
embodiment, the compounds maybe selected from the metabolites listed in
Table 1, or any combination thereof. An optimal panel of metabolites may be
selected from the group of 492 metabolites shown in Table 1. For example,
and without wishing to be limiting, the the optimal panel of metabolite
markers may be metabolites with  accurate masses (measured in Daltons) of
519.3328, 541.3148, 545.3460, 555.3101, 541.3422, 565.3394, 521.3480,
517.3148, 567.3546, 523.3640, 531.3123, 481.3171, 495.3328, 569.3687, where
a +/- 5 ppm difference would indicate the same metabolite. In particular,
it is presently shown that the 14 metabolites just described, when measured
in serum or tissue, show a lower concentration in prostate cancer-positive
subjects relative to control (disease-free) individuals. [0089] The 14
metabolite markers described above can be categorized into one of two
groups, based on their detection in an aqueous extract and their propensity
to ionize either positively or negatively. The metabolites with accurate
masses (measured in Daltons) of 495.3328, 517.3148, 519.3328, 521.3480,
523.3640, 541.3148, and 545.3460, where a +1-5 ppm difference would
indicate the same metabolite, were detected as positive ions using methods
presently described; metabolites with accurate masses (measured in Daltons)
of 481.3171, 531.3123, 541.3422, 555.3101, 565.3394, 567.3546, and
569.3687, where a +/- 5 ppm difference would indicate the same metabolite,
were detected as negative ions using the methods presently described.
[0090] The 14 metabolites described above relate to metabolites of the
lysophospholipid class, for example, lysophosphatidylcholine,
lysophosphatidylethanolamines, lysophosphatidyldimethylethanolamines,
lysophosphatidylserines, lysosphingosylphosphorylcholines,
lysophosphatidYlglycerols, lysophosphatidylinositols, platelet activating
factors (PAFs), and combinations thereof. [0091] The concentration of
specific metabolites described above, including lysophospholipid species,
is detected in order to diagnose prostate cancer or the risk of prostate
cancer. Any combination of the above metabolites could be measured
simultaneously, in a serial manner, or in different combinations to arrive
at a diagnostic output. [0092] Structural characterization of the above
metabolites may be carried out using methods well known to those skilled in
the area. The principal characteristics that maybe used to characterize the
metabolites may include, but are not limited to accurate mass, molecular
formula, polarity, acid/base properties, NMR spectra, and MS/MS or MSn
spectra. Techniques used to determine these characteristics include, but
are not limited to  reverse phase LC-MS using a C18 column followed by
analysis by MS, MS/MS fragmentation using collision induced dissociation
(CID), WIZ, and extraction. The data obtained can be used as fingerprints
or unique identifiers of a particular metabolite under the experimental
conditions specified. Any or all of the metabolites described by the
present application may be fingerprinted under various conditions to
provide additional information on the metabolites, for example, the
structure or nature of the molecule. [0093] The metabolites within the
optimal panel of metabolite markers described above can be further
characterized by their MS/MS fragmentation patterns resulting from
collision induced dissociation. In particular, metabolite with: 



[0094] accurate mass 495.3328 has an ionized mass of 496.3401 ([M + Hr,
calcd. 496.3398 for C24145 'NOR). The MS/MS fragments (MS/MS m/z) (relative
intensity) are: 496 ([M + Hr, 90%), 478 (5%), 419 (1%), 313 (1%), 283 (1%),
258(1%), 239(1%), 184(90%), 166(1%), 104(100%), 86(70%); see Figure 7,
Table 3. [0095] accurate mass 517.3148 has an ionized mass of 518.3219 ([M
+ Hr, calcd. 518.3241 for C261-149N07P+). The MS/MS fragments (MS/MS ink)
(relative intensity) are: 518 ([M + Hr, 90%), 459(10%), 415(1%), 359(1%),
341 (1%), 313 (1%), 281 (1%), 221 (1%), 104(100%), 86 (30%); see Figure 8,
Table 4. [0096] accurate mass 519.3328 has an ionized mass of 520.3401 ([M
+ Hr, calcd. 520.3398 for C261-151N07P1). The MS/MS fragments (MS/MS mix)
(relative intensity) are: 520 ([M + H], 10%), 502 (1%), 461 (5%), 281 (1%),
221 (1%), 184 (100%), 166(5%), 124(1%), 86(30%); see Figure 9, Table 5.
[0097] accurate mass 521.3480 has an ionized mass of 522.3554 ([M + H]t,
calcd. 522.3554 for C26H53N0713+). The MS/MS fragments (MS/MS in/z)
(relative intensity) are: 522 ([M + Hr, 100%), 504(7%), 478(1%), 357 (1%),
258(1%), 221 (1%), 184 (60%), 124(5%), 104(80%), 86(30%); see Figure 10,
Table 6. [0098] accurate mass 523.3640 has an ionized mass of 524.3713 ([M
+ H]4, calcd. 524.3711 for C26H55N07P4). The MS/MS fragments (MS/MS m/z)
(relative  intensity) are: 524 ([M + H], 100%), 506 (5%), 496 (1%), 478
(1%), 331 (1%), 313 (1%), 285 (1%), 258 (1%), 184 (70%), 166(2%), 124(5%),
104(70%), 86 (30%); see Figure 11, Table 7. [0099] accurate mass 541.3148
has an ionized mass of 542.3219 ([1'.4 + Hr, calcd. 542.3241 for
C28H49N07P+). The MS/MS fragments (MS/MS in/z) (relative intensity) are:
542 ([M + H], 80%), 483 (25%), 284(1%), 225(1%), 184(1%), 104(100%), 86
(30%); see Figure 12, Table 8. [00100]accurate mass 545.3460 has an ionized
mass of 546.3534 ([M + calcd. 546.3554 for C28113sNO7P+). The MS/MS
fragments (MS/MS m/z) (relative intensity) are: 546 ([M + H], 90%), 528
(1%), 514 (1%), 487 (30%), 104(100%), 86 (30%); see Figure 13, Table 9.
[00101]accurate mass 481.3171 has an ionized mass of 480.3091 GM -H]-,
calcd. 480.3081 for C23H47N0713). The MS/MS fragments (MS/MS m/z) (relative
intensity) are: 480 ([M - Hr, 100%), 255 (100%), 242 (10%), 224 (15%), 168
(10%), 153 (10%), 79 (25%); see Figure 14, Table 12. [00102]accurate mass
531.3123 has an ionized mass of 530.3035- Hr, calcd. 531.3114 for
C30F146N05P). The MS/MS fragments (MS/MS m/z) (relative intensity) are:
(530, 100%), 480(100%), 255(100%), 242(10%), 224(15%), 168 (10%), 153
(10%), 79 (25%); see Figure 15, Table 13. [00103]accurate mass 541.3422 has
an ionized mass of 540.3335 [M -Hr, calcd. 540.3293 for C25H5IN0913). The
MS/MS fragments (MS/MS m/z) (relative intensity) are: 540 - Hr, 10%), 480
(100%), 255 (100%), 242 (10%), 224 (15%), 168 (10%), 153 (10%), 79(25%);
see Figure 16, Table 14. [00104]accurate mass 555.3101 has an ionized mass
of 554.3013 GMcalcd. 



555.3172 for C25HSO1\1010P). The MS/MS fragments (MS/MS m/z) (relative
intensity) are: 554 ([M - Hr, 10%), 494 (100%), 269 (100%), 242 (10%), 224
(15%), 168(10%), 153 (10%), 79(25%); see Figure 17, Table 15.
[00105]accurate mass 565.3394 has an ionized mass of 564.3306- HI, calcd.
564.3293 for C27115IN09P). The MS/MS fragments (MS/MS m/z) (relative
intensity) are: 564 ([M - Hy, 100%), 504 (100%), 279 (100%), 242 (10%), 224
(15%), 168 (10%), 153 (10%), 79 (25%); see Figure 18, Table 16.
[00106]accurate mass 567.3546 has an ionized mass of 566.3459 ([M - Hr,
calcd. 566.3449 for C24153N0910. The MS/MS fragments (MS/MS m/z) (relative
intensity) are: 566 ([M - HI, 10%), 506 (100%), 281 (100%), 242 (10%), 224
(15%), 168 (10%), 153 (10%), 79 (25%); see Figure 19, Table 17.
[00107]accurate mass 569.3687 has an ionized mass of 568.3598 ([Ni - Hr,
calcd. 568.3605 for C271-155N097). The MS/MS fragments (MS/MS m/z)
(relative intensity) are: 568 (ink represents the [M + HI" mass), 10%), 508
(100%), 283 (100%), 242(10%), 224 (15%), 168 (10%), 153 (10%), 79(25%); see
Figure 20, Table 18. [00108]Based on the structural characterization of the
14 metabolite markers selected for the diagnosis of prostate cancer, it was
determined that the metabolites are molecules related to lysophospholipids.
Specifically these include, but are not limited to, lysophosphatidyleholine
(lysoPC), lysophosphatidylethanolamine (lysoPE),
lysophosphatidyldimethylethanolamine (lysoPdmE), lysophosphatidylserine
(lysoPS), lysophosphatidylinositol (lysoPI), and lysophosphatidylglycerol
(lysoPG), and platelet activating factors (PAFs), wherein the glycerol
backbone is attached to a fatty acid at either SN1 or SN2, for example,
16:0, 18:0, 18:1, 18:2, 18:3, 20:3, 20:4, 20:5, 22:6, ceramide, or other,
and a phosphate-containing choline, ethanolamine, dimethylethanolamine,
serine, glycerol, or inositol is present at SN3. [00109]Phosphatidylcholine
(PC) and phosphatidyethanaolamine (PE) represent the two major lipid
components of biological membranes. PC and PE comprise a glycerol backbone
containing a phosphate group attached to ethanolamine or choline at the SN3
position, and two fatty acids bound to the SN1 and SN2 positions through an
acyl, ether, or vinyl-ether linkages. The fatty acids can be either
saturated (more common at SN1), or unsaturated (more common at SN2). When
phospholipids such as PC and PE are hydrolyzed by various phospholipases, a
lysophospholipid such as lysoPC is generated along with a free fatty acid.
Lysophospholipids have been implicated in  numerous biological pathways and
diseases, such as calcium signaling, atherosclerosis and inflammation (12).
[00110]U.S. Published Patent Application US 2004/0137541 (Mills et al.)
focuses on the elevation of lysoPCs as key events in or during the
progression of cancer. In particular, Mills et al. describe the elevation
of lysoPCs in gynecological cancers. This is in contrast with the present
invention, which shows that the panel of 14 biomarkers (i.e., metabolites
with accurate masses of 519.3328, 541.3148, 545.3460, 555.3101,54t.3422
565.3394, 521.3480, 517.3148, 567.3546, 523.3640, 531.3123, 481.3171,
495.3328, 569.3687) are decreased in the serum of patients with prostate
cancer. [00111]The present invention also provides high-throughput methods
for the diagnosis of prostate cancer. The method involves fragmentation of
the parent molecule; in a non-limiting example, this maybe accomplished by
a Q-TrapTid system. Detection of the metabolites may be performed using one
of various assay platforms, including colorimetric chemical assays (UV, or
other wavelength), antibody-based enzyme-linked immunosorbant assays
(ELISAs), chip-based and polymerase-chain reaction for nucleic acid
detection assays, bead-based nucleic-acid detection methods, dipstick
chemical assays or other chemical reaction, image analysis such as magnetic
resonance imaging (MM), positron emission tomography (PET) scan,
computerized tomography (CT) scan, nuclear magnetic resonance (NMR), and
various mass spectrometry-based systems. [00112]In a further embodiment of
the present invention, there is provided a 



method for diagnosing prostate cancer or the risk of prostate cancer in a
patient. The method comprising the steps of: a) obtaining a sample from
said patient; b) analyzing said sample to obtain quantifiying data for one
or more than one metabolite marker; c) obtaining a ratio for each of the
one or more than one metabolite marker to an internal control metabolite;
d) comparing each ratio of said one or more than one metabolite marker to
the internal control metabolite to corresponding data obtained from one or
more than one reference sample; and   e) using said comparison to diagnose
prostate cancer or the risk of prostate cancer. [00113]The step of
analyzing the sample (steb b) may comprise analyzing the sample using a
mass spectrometer (MS). For example, and without wishing to be limiting,
such mass spectrometer could be of the FTMS, orbitrap, time of flight (TOF)
or quadrupole types. Alternatively, the mass spectrometer could be equipped
with an additional pre-detector mass filter. For example, and without
wishing to be limiting such instruments are commonly referred to as
quadrupole-FTMS (Q-FTMS), quadrupole - TOF (Q-TOF) or triple quadrupole (TQ
or QQQ). In addition, the mass spectrometer could be operated in either the
parent ion detection mode (MS) or in MSn mode, where n>=2. MSn refers to
the situation where the parent ion is fragmented by collision induced
dissociation (CID) or other fragmentation procedures to create fragment
ions, and then one or more than one of said fragments are detected by the
mass spectrometer. Such framents can then be further fragmented to create
further fragments. Alternatively, the sample could be introduced into the
mass spectrometer using a liquid or gas chromatographic system or by direct
injection. [00114]In the method as just described above, the one or more
than one reference sample may be a first baseline reference sample obtained
from a control individual. [00115]In the method as described above, the one
or more than one metabolite marker may be selected from the metabolites as
listed in Table 1, or the metabolites may be the 14 metabolites described
above. The "internal control metabolite" refers to an endogenous metabolite
naturally present in the patient, provided the metabolite is not associated
with the disease and does not vary over disease states; alternatively, the
"internal control metabolite" may also refer to an external standard spiked
into a serum sample prior to analysis. For example, and without wishing to
be limiting, the ratio may be used to determine a diagnostic score for the
test subject. [00116]Use of the ratio of the metabolite marker to the
internal control metabolite offers measurements that are more stable and
reproducible than measurements of absolute levels of the metabolite marker.
As the internal control metabolite is present in all samples and does not
vary over disease states, the sample-to-sample variability (due to
handling, extraction, etc) is minimized.  [00117]In the diagnostic methods
of the present invention, the measurement of 



metabolite markers could be taken longitudinally over time in a test
subject to determine the change in metabolite concentrations and likelihood
of prostate cancer, or risk for the development of prostate cancer. The
test subject would provide a sample at a start point, essentially
establishing a baseline value; the test subject could then provide samples
over time which would be compared to the start point sample. For example,
and without wishing to be limiting, an increase in the intensity of the 14
metabolites described above would indicate a reduced risk of prostate
cancer, while a decrease in the intensity would indicate an increased risk
for prostate cancer. [00118]In yet another embodiment of the present
invention, there is provided a method for evaluating the efficacy of a
therapy for treating prostate cancer in a patient, comprising: a) obtaining
a sample from said patient; b) analyzing said sample to obtain quantifying
data for one or more than one metabolite marker; c) comparing said
quantifying data to corresponding data obtained from one or more than one
reference sample; and d) using said comparison to determine whether the
therapy is improving the health state of the patient. [00119]Optionally,
after the step of analyzing (step b), a ratio for each of the one or more
than one metabolite marker to an internal control metabolite may be
obtained. In this case, each ratio of said one or more than one metabolite
marker to the internal control metabolite to corresponding data obtained
from one or more than one reference sample is compared to evaluate the
efficacy of the therapy. [00120]The step of analyzing (step b) may comprise
analyzing the sample by liquid chromatography mass spectrometry (LC-MS), or
alternatively may comprise analyzing the sample by direct injection or
liquid chromatography and linear ion trap tandem mass spectrometry when the
method is a high-throughput method.  [00121]By the term "therapy" or
"treatment", it is meant any suitable course of therapy that may attempt to
improve the health state of the patient being evaluated. When evaluating
the efficacy of the therapy, the effect of the particular therapy in
improving or degrading the health state of the patient will be measured. In
doing so, a person of skill in the art would be capable of determining
whether the therapy is effective for treating prostate cancer. Such
treatment may include, but are not limited to, immunotherapy (for example,
Bacillus Calmette-Guerin injection), radical prostatectomY, chemotherapy,
radiation therapy, hormone therapy (including antiandrogens), or others.
[00122]In the method as described, the one or more than one reference
sample may be any suitable reference sample. For example, and without
wishing to be limiting in any manner, the reference sample may be a
plurality of samples obtained from control individuals or one or more than
one pre-therapy baseline sample obtained from the patient; or any
combination thereof. A pre-therapy baseline sample from the patient is
particularly useful, as the variation in metabolites will then be specific
to the patient. [00123]In the method as described above, the one or more
than one metabolite marker may be selected from the metabolites as listed
in Table 1, or the metabolites may 



be the 14 metabolites described above. [00124]The efficacy of a therapy as
described above is evaluated based on the measurement of the metabolites
and comparison to the reference sample, whereby a restoration of the
metabolites towards a normal specified range would be indicative of a
positive treatment effect. [00125]In an alternative method of evaluating
the efficacy of a therapy for treating prostate cancer, a ratio for each of
the one or more than one metabolite marker to an internal control
metabolite can be obtained in step b); each ratio of the one or more than
one metabolite marker to the internal control metabolite could then be
compared to corresponding data obtained from one or more than one reference
sample in step c). [00126]The present invention also provides high
throughput methods for diagnosis of prostate cancer. The method may involve
fragmentation of the parent molecule; in a non-limiting example, this may
be accomplished by a Q-TrapTm system. Detection of the metabolites may be
performed using one of various assay platforms,  including colorimetric
chemical assays (UV, or other wavelength), antibody-based enzyme-linked
immunosorbant assays (ELISAs), chip-based and polymerase-chain reaction for
nucleic acid detection assays, bead-based nucleic-acid detection methods,
dipstick chemical assays or other chemical reaction, image analysis such as
magnetic resonance imaging (MM), positron emission tomography (PET) scan,
computerized tomography (CT) scan, nuclear magnetic resonance (NMR), and
various mass spectrometry-based systems. [00127]The HTS method may involve
the measurement of intensity, peak area or summed scans of each selected
daughter ion per biomarker, as well as daughter ions for one or more
internal standards added to each sample. A ratio may then be generated by
dividing each biomarker transition by an internal standard transition. The
internal standard provides an indication of the instrument sensitivity, and
allows for the normalization of biomarker transition signals across
multiple samplings. The ratios generated for the disease-free or healthy
population become the defining parameter for the "normal" distribution. A
validation set of samples comprising normals and prostate-positives are
then analyzed and compared to the normal distribution. This results in
essentially two distributions, one for the normal population and one for
the prostate-positive population. A cutoff ratio between the two
distributions is then selected to determine the sensitivity and specificity
of the biomarker assay. [00128]In the methods of the present invention, any
individual or combination of metabolites described herein could be combined
with existing cancer markers to arrive at a diagnostic/prognostic output.
Such existing markers may include, but are not limited to prostate specific
antigen (PS A), carcinoembryonic antigen (CEA), cancer antigen (CA) 19-9,
C15-3, or CAl25. [00129]The above methods may provide medical professionals
with a test to better determine the appropriate treatment regimen for a
subject based upon the stage at which the cancer is detected. Since the
diagnostic methods are relatively non-invasive, a large number of otherwise
undiagnosed cases could be identified, particularly early cases, for which
specific interventions may be administered by medical professionals. The
methods of the present invention may also be used to detect recurrence of
cancer, possibly prior to clinical symptoms of the recurrence. Such
knowledge could be subsequently used to  properly direct treatment regimens
that may have improved chances of preventing the recurrence. 



[00130]The impact of the present invention on the diagnosis of prostate
cancer would be tremendous, as literally everyone could be screened
longitudinally throughout their lifetime to assess risk. Given that the
performance characteristics of the test of the present invention are
representative for the general population, this test alone may be superior
to any other currently available screening method, as it may have the
potential to detect disease progression prior to the emergence of clinical
symptoms. [00131]The present invention will be further illustrated in the
following examples. An outline of the present invention including each of
the examples listed below is shown in Figure 1. Example 1: Discovery and
Identification of Differentially Expressed Metabolites
[00132]Differentially expressed metabolites are identified in clinically
diagnosed prostate cancer-positive patients and normal patients.
[00133]Clinical Samples. For the prostate cancer screening assay described,
serum samples were obtained from representative populations of healthy
prostate cancer-free individuals and of professionally diagnosed prostate
cancer-positive patients (SeraCare LifeSciences, Inc). The biochemical
markers of prostate cancer described below were derived from the analysis
of 24 serum samples from prostate cancer-positive patients and 25 serum
samples from healthy controls. Samples in both groups were from a diverse
population of individuals, ranging in age, ethnicity, weight, occupation,
and displaying varying non-prostate cancer-related health-states. All
samples were single time-point collections, and the prostate cancer samples
were taken either immediately prior to, or immediately following surgical
resection of a tumor. All samples were taken prior to chemo or radiation
therapy. [00134]The metabolites contained within the 49 serum samples were
separated into polar and non-polar extracts by sonication and vigorous
mixing (vortex mixing). [00135]The analysis of serum extracts (24 prostate
cancer, 25 normal) was made by direct injection into a FTMS and ionization
by either electrospray ionization (ESI) or  atmospheric pressure chemical
ionization (APCI) in both positive and negative modes. Sample extracts were
diluted either three or six-fold in methano1:0.1%(v/v) ammonium hydroxide
(50:50, v/v) for negative ionization modes, or in methano1:0.1% (v/v)
formic acid (50:50, v/v) for positive ionization modes. For APCI, sample
extracts were directly injected without diluting. All analyses were
performed on a Bruker Daltonics APEX III Fourier transform ion cyclotron
resonance mass spectrometer equipped with a 7.0 T actively shielded
superconducting magnet (Brulcer Da'tonics, Billerica, MA). Samples were
directly injected using ESI and APCI sources at a flow rate of 600 itL per
hour. Ion transfer/detection parameters were optimized using a standard mix
of serine, tetra- alanine, reserpine, Hewlett-Packard tuning mix and the
adrenocorticotroPhic hormone fragment 4-10. In addition, the instrument
conditions were tuned to optimize ion intensity and broad-band accumulation
over the mass range of 100-1000 amu according to the instrument
manufacturer's recommendations. A mixture of the abovementioned standards
was used to internally calibrate each sample spectrum for mass accuracy
over the acquisition range of 100-1000 amu. [00136]In total six separate
analyses comprising combinations of extracts and ionization modes were
obtained for each sample: 



Aqueous Extract 1. Positive ESI (analysis mode 1101) 2. Negative ESI
(analysis mode 1102) Organic Extract 3. Positive ESI (analysis mode 1201)
4. Negative ESI (analysis mode 1202) 5. Positive APCI (analysis mode 1203)
6. Negative APCI (analysis mode 1204) [00137]Mass Spectrorneby Data
Processing. Using a linear least-squares regression line, mass axis values
were calibrated such that each internal standard mass peak had a mass error
of <1 p.p.m. compared with its theoretical mass. Using XMASS software from
Bruker Daltonics Inc., data file sizes of 1 megaword were acquired and
zero-filled to 2 megawords. A shim data transformation was performed prior
to Fourier transform and magnitude calculations. The mass spectra from each
analysis were integrated, creating a peak list that contained the accurate
mass and absolute intensity of each peak. Compounds in the range of
100-2000 m/z were analyzed. In order to compare and summarize data across
different ionization modes and polarities, all detected mass peaks were
converted to their corresponding neutral masses assuming hydrogen adduct
formation. A self-generated two-dimensional (mass vs. sample intensity)
array was then created using DISCO VAmetricsTM software (Phenomenome
Discoveries Inc., Saskatoon, SK, Canada). The data from multiple files were
integrated and this combined file was then processed to determine all of
the unique masses. The average of each unique mass was determined,
representing the y axis. This value represents the average of all of the
detected accurate masses that were statistically determined to be
equivalent. Considering that the mass accuracy of the instrument for the
calibration standards is approximately 1 ppm, it would be evident to one
skilled in the art that these average masses would include all masses that
fall within +/- 2 ppm of this average mass, or even +/- 5 ppm of this
average mass. A column was created for each file that was originally
selected to be analyzed, representing the x axis. The intensity for each
mass found in each of the files selected was then filled into its
representative x,y coordinate. Coordinates that did not contain an
intensity value were left blank. Once in the array, the data were further
processed, visualized and interpreted, and putative chemical identities
were assigned. Each of the spectra were then peak picked to obtain the mass
and intensity of all metabolites detected. These data from all of the modes
were then merged to create one data file per sample. Then, the data from
all 90 samples was merged and aligned to create a two-dimensional
metabolite array in which each sample is represented by a column and each
unique metabolite is represented by a single row. In the cell corresponding
to a given metabolite sample combination, the intensity of the metabolite
in that sample was displayed. When the data was represented in this format,
metabolites showing differences between groups of samples (i.e., normal and
cancer) were determined. [00138]Advanced Data Interpretation. A student's
T-test was used to select for metabolites that differ between the normal
and the prostate cancer-positive samples (p<0.05). 492 metabolites met this
criterion (as listed in Table 1). Each of these features 



differs statistically between the two populations and therefore each has
potential diagnostic utility. The features are described by their accurate
mass and analysis mode, which together are sufficient to provide the
putative molecular formulas and chemical characteristics (such as polarity
and putative functional groups) of each metabolite. The ability of the 492
metabolites to discriminate between the control and prostate cancer serum
is shown by the PCA plot in Figure 2. A relatively clear distinction (as
shown by the dotted line) between the controls (in grey) and prostate
cancers (in black) can be drawn, which indicates that the 492 metabolites
together can diagnose a prostate cancer- positive serum sample relative to
control serum. (00139]However, the incorporation and development of 492
signals into a commercially useful assay is not practical, therefore a
combination of univariate analyses and chemical information was used to
further select a subset of 14 metabolites from the 492 for additional
characterization. The subset of 14 metabolites selected were detected in
two different modes: those with accurate masses (measured in Daltons) of
495.3328, 517.3148, 519.3328, 521.3480, 523.3640, 541.3148, and 545.3460,
where a +1- 5 ppm difference would indicate the same metabolite, were
detected as positive ions using methods described in this application and
metabolites with accurate masses (measured in Daltons) of 481.3171,
531.3123, 541.3422, 555.3101, 565.3394, 567.3546, and 569.3687 were
detected as negative ions using the methods described within this
application. All metabolite masses represent '2C molecules. [00140]The
diagnostic accuracy of the 14 masses is shown through a PCA plot in Figure
3, which illustrates a clear separation between disease and controls. In
fact, separating the controls from the prostate cancers using the dotted
line results in a sensitivity of 84% and specificity of 100%. A graph of
the relative intensities of the 14 masses as detected on the FTICR is shown
in Figure 4 (using data scaled between 0 and 1 for each mass). Each of the
markers appears to show a reduction or deficiency of approximately 50% (on
average) in the prostate cancer sera versus control sera. [00141]Based upon
these results, a clear distinction can be made between the serum of
prostate cancer-positive patients and healthy (prostate cancer negative)
individuals. Therefore, these markers, which are capable of identifying and
distinguishing prostate cancer-positive and prostate cancer-negative serum,
can form the basis for a prostate cancer diagnostic test as presently
described.  Example 2: Independent Method Confirmation of Discovered
Metabolites  [00142]The metabolites and their associations with the
clinical variables described in Example 1 were further confirmed using an
independent mass spectrometry system. Representative aqueous sample
extracts from each variable group (10 controls and 9 prostate cancers) were
re-analyzed by LC-MS using an HP 1050 high-performance liquid
chromatography, or equivalent interfaced to an ABI Q-Star, or equivalent
mass spectrometer to obtain mass and intensity information for the purpose
of identifying metabolites that differ in intensity between the clinical
variables under investigation. Data were acquired using full-scan detection
in both positive and negative ESI modes, and the resulting spectral data
calibrated and aligned using Phenomenome Profiler software. We identified a
retention time window (time at which molecular species are eluting off of
the HPLC column), of approximately 28 to 34 minutes under the specified
chromatographic conditions. Figure 5 shows the extracted mass spectra
within this retention time range for the controls (A), prostate cancers
(B), and the net difference between the controls and prostate cancers (C).
The boxed region shows the mass range where the subset of 14 masses
previously described was redetected. As previously observed, these
molecules were significantly lower in intensity in the prostate cancer sera
compared to the controls. A bar graph of the average raw intensities
(scaled between 0 and 1) for each of the 14 metabolites as detected using
HPLC-coupled TOF-MS, is shown in Figure 6. Example 3: MS/MS
Characterization of the 14 Metabolite Subset [00143]Various characteristics
can be used for structure elucidation of metabolites include accurate mass
and molecular formula determination, polarity, acid/base properties, NMR
spectra, and MS/MS or MSn spectra. These data can be used as fingerprints
of a particular metabolite and are unique identifiers of a particular
metabolite regardless of whether the complete structure has been
determined. The data include: [00144]1.LC retention time. The extracts
containing the metabolites of interest are subjected to reverse phase LC-MS
using a C18 column and analysis by MS to determine their retention lime
under standardized conditions. When the extracts were subjected to LC/MS
analysis, all 14 metabolites co-eluted within 26 - 34 min range.
[00145]2.MS/MS spectra. The 14 metabolites of interest were further
characterized by performing MS/MS fragmentation using collision induced
dissociation (CID). This MS/MS analysis was performed in real time (i.e.
during the chromatographic elution process) or off-line on fractions
collected from the chromatographic separation 



process. [00146]Aqueous fractions from 9 prostate cancer and 10 normal
sample extracts were evaporated to dryness under nitrogen gas and
reconstituted in 100 1.1 of watermethanollormic acid (97.9:2:0.1). 5 1xL of
the reconstituted sample was used for HPLC (Agilent 1100 system with
MetaSil AQ 3 um, C18,100 x 2.0 mm column, Varian Inc.) for full scan and
MS/MS. The mobile phase consisted of watermethanollormic acid (97.9:2:0.1)
as solvent A, and 0.1% formic acid in methanol as solvent B. At a flow rate
of 0.2 mlinain, the solvent gradient was as follows: Solvent A was held at
100% for the first minute, then changed to 20 % A and 80% B using a linear
gradient over 10 min, and then held at 20% A, 80% B for 9 min; then the
solvent mixture was changed to 100% B during the next 10 mm using a linear
gradient, and was held at 100% B for 15 minutes. Finally, the solvent
mixture was held at 100% A to equilibrate the column for duration of 20 min
(total elapsed time 65 min). Eluate from the HPLC was analyzed using an ABI
QSTAR(r) XL mass spectrometer fitted with an ESI (TurboIonSpraim) source in
positive and negative mode. [00147]For time-of-flight full scan mode, the
"TOF-MS" scan type was used with an accumulation time of 1.0sec, a mass
scan range of 50 to 1500 Da, and duration time of 60 mm. The source
parameters at positive ESI mode were as follows: Ion source gas 1 (GS1) 55;
Ion source gas 2 (GS2) 90; Curtain gas (CUR) 40; Nebulizer Current (NC)
3.0; Temperature 400 C; Declustering Potential (DP) 60; Focusing Potential
(FP) 265; Declustering Potential 2 (DP2) 15. The source parameters at
negative ESI mode were as follows: Ion source gas 1 (GS1) 55; Ion source
gas 2 (GS2) 70; Curtain gas (CUR) 40; Nebulizer Current (NC) 0; Temperature
400 C; Declustering Potential (DP) -55; Focusing Potential (FP) -265;
Declustering Potential 2 (DP2) -15. [00148]In MS/MS mode, the "Product Ion"
scan type was accumulation time of 1.0sec, a scan range of 50 to 650 Da,
and a duration time of 60 inM. All source parameters are the same as above,
with collision energy (CE) settings of 20V,  35V, 50V at positive mode and
-20V, -35V, -501f at negative mode. The collision gas (CAD, nitrogen) was
set at 5. [00149]The structure of a given molecule dictates a specific
fragmentation pattern under defined conditions and is unique for that
molecule (equivalent to a person's fingerprint) - even slight changes to
the molecule's structure can result in a different fragmentation pattern.
In addition to providing a fingerprint of the molecule's identity, the
fragments generated by CID were used to gain insights regarding the
structure of the metabolites. [00150]Upon constructing possible molecular
formulae for the positive mode biomarker panel (i.e., metabolites with
accurate masses of 495.3328, 517.3148, 519.3328, 521.3480, 523.3640,
541.3148, and 545.3460), all seven biomarkers were found to possess similar
formulae of RHO*, where R is the variable fatty acid type, indicating that
they could be phospholipid choline- related compounds. A summary of the
proposed structures based upon MS/MS interprestations is shown in Table 2.
The fragmentation spectra for the 7 metabolites detected in the positive
ionization mode are shown in Figures 7 to 13 (collision energies of 20 (A),
35 (B) and 50 (C) volts), and the masses of the fragments and molecular
formula assignments listed in Tables 3 through 9. Each table lists the
daughter ions resulting from the CID, as well as the proposed structures of
the fragment ions and the fragment losses. [00151]The MS/MS data obtained
in the positive mode ESI indicates that each of the seven metabolites
abstracted a proton, resulting in the corresponding molecular ion ([M+111+)
in their MS/MS spectra. This suggests the protonation of the phosphate
group leaving the positively charged quaternary ammonium ion as the parent
ion. Evidence for losing the quatemary amine group, (CH3)3NH+, [M+11-601)
was observed for all of the metabolites confirming the presence of the
choline head group in these metabolites. Fragment ions due to
phosphocholine (C5H15N04P+, m/z 184) and ethanol-quatemary amine
(C51114N0+, m/z 104) were other indications suggesting phosphocholine-type
structures. Loss of H20 from the molecular ions was also observed
confirming the presence of free hydroxy groups at sn-2 positions inherent
in lysolipid-type structures.  [00152]Fragment ions, though weak, were
observed for either a sn-1 fatty acid side chain or loss thereof. For
example, for metabolite 495.3328, where pahnitic acid was thought to be the
sn-1 fatty acid, the fragment ion representing m/z 458 was assigned as
plausibly due to the loss of C16H320 unit. Another fragment ion at m/z 239
(C16H3204) though low in intensity was also present signifying the sn-1
fatty acid itself. Based on these deductions, the structure was proposed as
2-hydroxy-l-palmitoyl-sn-glycero-3- phosphocholine. The structure of
495.3328 was confirmed to be 2-hydroxy-1
-palmitoylsn-glycero-3-phosphocholine (commercial standard) by comparison
of their LC/MS and MS/MS spectral data (fragment ion comparisons shown in
Table 10). 



[00153]The MS/MS spectral data of the remaining 6 metabolites were very
similar to that of 495.3328, the only differences being differences in the
sn-1 fatty acid side chains. For metabolites 519.3328 (520 M-H), 521.3481
(522 M-H), and 523.3640 (524 M-H), loss of H20 from their parent ions
resulted in fragment ions m/z 518,520 and 522 respectively suggesting that
their fatty acid side chains varied with an increasing degree of
unsaturation. For 520, the sn-1 side chain was deduced as linoleic acid due
to the fragment ion at m/z 281. In 522 and 524, a common fragment ion at
m/z 258, was thought to be due to the loss of oleyl (C IgH330) and stearyl
(C18H350) substituents from their parent ions thus confirming oleic and
stearic acid side chains respectively. For metabolite 541.3148 (542 M-H),
the fragment ion at m/z 225 was deduced as loss of eicosapentenoic side
chain. Using the above discussed MS/MS data, the structures of these 7
prostate cancer biomarkers proposed as shown in Table 2. [00154]The
fragmentation spectra of the seven metabolites detected in the negative
ionization mode (i.e., metabolites with accurate masses of 481.3171,
531.3123, 541.3422, 555.3101, 565.3394, 567.3546, and 569.3687), are shown
in Figures 14 to 20 (collision energies of 20, 35 and 50 volts). The
molecular formulae suggested that four (541.3422, 565.3394, 567.3546,
569.3687) out of the seven biomarkers were found to possess similar
formulae of RNO9P, where R is the variable fatty acid type, indicating that
they could be phospholipid ethanolamine related compounds. Table 11
summarizes the molecular formulae and putative structures of the molecules
based upon the MS/MS data. Tables 12 to 18 list the fragment ion masses,
putative formulas of the fragments and fragment losses as well as putative
structures for each fragment.  [00155]In the negative mode with elect spray
ionization, (ESI), each of the seven molecules loose a proton resulting in
the corresponding molecular ion ([M-1-1+1) in their MS/MS spectra. This
suggests the de-protonation of the phosphate group, leaving the negatively
charged phosphate ion as the parent ion. Fragment ions were observed for
sn-1 fatty acid side chain for the markers 481.3168 and 541.3422 (palmityl,
Cio113102, m/z 255), 565.3394 ffinoleyl, CI8H3,02, m/z 279), 567.3546
(oleyl, Ci3l-13302, m/z 281), and 569.3687 (stearyl, C18113502, ink 283) as
prominent signals in their MS/MS spectra. Upon comparing the MS/MS spectra
of 569.3687 to its corresponding lysophosPholipid ethanolamine counterpart,
2-hydroxy- 1 -stearyl-sn-glycero-3-phosphoethanolamine (C231148N07P, exact
mass: 481.317) (commercial standard), a number of similarities were
observed (Table 19). The initial fragment loss from the parent ion [M+Hr of
569.3687 was corresponding to a mass loss of 60 Dalton unit which is
associated with the formula C2I1402. This fragment loss was consistent to
all the markers of the above panel with exception to 481.3171 which has a
formula of C231148N07P similar to the general formulation of the
sn2-hydroxyphosphoethanolamine types. In comparing the fragment m/z 508 of
569.3687 to the parent ion of its lysophosphoetanolamine commercial
standard (rn/z 480), a difference of only 28 Dalton units was observed,
which lead to the derivation of N,N-dimethyl phosphoethanolamine type of
structures for the biomarker panel. The fragment losses after the loss of
sn2 fatty acid, m/z 242, 168, 153 and 79 are constantly observed for all
seven biomarkers further confirming a plausible dimethyl ethanolamine type
of backbone on the molecule. [00156]While the reported MS/MS data is
consistent with molecules of lysophospholipid species, the present
invention also includes structures where functional groups or reported
fragments are connected in ways that are not presently indicated. Example
4: High Throughput Commercial Method Development  [00157]A high throughput
screening (HTS) method was developed for diagnosing prostate cancer. The
method described below is compatible with current laboratory
instrumentation and triple-quadrupole mass spectrometers that are in place
in many laboratories globally (13, 14). 



[00158]High throughput screening (FITS) was performed with a linear ion
trap mass spectrometer (Q-trap 4000, Applied Biosystem) coupled with
Agilent 1100 LC system. Serum samples were extracted as described in
Example 1. The aqueous fraction was mixed 1:3 with acetonitrile to
precipitate proteins prior to use for the analysis of each sample. 151.tL
of internal standard (reserpine in methanol: 1001.tg/mL for negative ESL 1
tig/mL for positive ESI) and 1084, of 3:1 (acetonitrile):(1%f0rmic acid in
ddH20) was added to each 121AL sample aliquot for a total volume of 1351tL.
The autosampler injected 100[1.1, of the sample by flow-injection analysis
(FIA) into an ABI 4000QTRAP. The carrier solvent was 60:40
(methanol):(1%formic acid in ddH20), with a flow rate of 4501AL/rain into
the APCI source. [00159]The MS/MS HTS methods (negative and positive ESI)
were developed on a quadrupole linear ion trap ABI 4000QTRAP mass
spectrometer equipped with a TurboVim source with an lonspray probe. The
source gas parameters were as follows: Negative ESI: (CUR: 10.0, CAD: 6,
IS: -4500, TEM: 500, GS1: 50, G52: 60, interface heater on. "Compound"
settings were as follows: entrance potential (EP): -10, and collision cell
exit potential (0CP):-10.0); Positive ESI: (CUR: 10.0, CAD: 6, IS: 5500,
TEM: 500, GS1: 30, GS2: 60, interface heater on. "Compound" settings were
as follows: entrance potential (EP): 10, and collision cell exit potential
(0CP): 15.0). [00160]The methods were based on the multiple reaction
monitoring (MRM) of 2 MRM transitions for each biomarker, and 2 MRM
transitions for the internal standard (reserpine, though other compounds
may be used) for a total of 16 MRM's for each method. Each of the
transitions was monitored for 100msec or 70msec for positive and negative
ESI modes, respectively. The total acquisition time per sample was
approximately 1 min. Briefly, each method measured the intensities of each
of 14 biomarker MRM transitions (from 7 parents) and 2 internal standard
(IS) MRM transitions (from 1 parent) as shown in Table 20. A patient score
was then generated by determining the lowest mean-normalized log(2)
transformed ratio of the seven measured biomarker:IS transitions per
patient. This value was then compared to a distribution of scores generated
from normal individuals, and a prostate cancer risk factor was assigned
accordingly. It was confirmed that the ABI 4000QTRAP was capable of
accurately measuring the MRM transition peak areas using the method
described above by plotting the peak area ratios of the biomarker
transitions versus the internal standard transitions  for each of the seven
biomarkers for each method. In addition, the HTS method also incorporates a
series of dilutions of extracted human reference serum material, which
allowed for the determination and assurance of instrument linearity. If the
calibration curve has a R2 value <0.98, then the sample run is considered a
failure and the sample needs to be rerun. [00161]As described above, the
prostate cancer HTS triple-quad method comprises two independent data
acquisition components due to the fact that half the molecules are detected
in negative mode, and the other half in positive mode. [00162]For the seven
lysophosphaditylcholine molecules detected in the positive mode (i.e.,
metabolites with accurate masses of 495.3328, 517.3148, 519.3328, 521.3480,
523.3640, 541.3148, and 545.3460), the transitions used for measurement are
shown in Fig. 21A, and comprise two daughter ion transitions per molecule
for each of the biomarkers (a and b, with the exception of 546.3, in which
a single transition was used), and two internal standard transitions per
sample (1 and 2). Dividing each biomarker transition by each internal
standard transition therefore resulted in 26 ratios per biomarker. A normal
reference serum sample is also analyzed at varying dilutions to assess
instrument linearity, for which R-squared coefficients can be calculated.
The average R-squared values for data obtained below for each transition
ratio is shown in Fig.21A. A sample plot of the average intensities of the
dilutions for 496.3/184.2a1 is shown in Fig. 21B. The ratio data was then
normalized to the mean of the control population and log(2) transformed.
The lowest ratio value of per patient was then selected as the final output
score. The distributions of these patient scores were then visualized to
determine the optimum diagnostic cut-off point. [00163]The same 24 prostate
cancer serum samples used for the discovery phase were re-analyzed using
this method, along with an expanded independent set of 147 male control
samples. The average ratio (not log transformed) for each of the 26
transitions in the control and prostate cancer cohorts is shown in Figure
21C. As expected, the intensity of each ratio is lower in the prostate
cancer cohort compared to the controls. [00164]The final patient scores
(lowest detected log ratio per patient) for these subjects are shown in the
scatter plot in Fig. 22A. The results clearly show that the 



patient scores of the 24 prostate cancer patients (black triangles) were
significantly lower than most of the disease-free male subjects (light grey
squares). Plotting the distributions of the subjects based upon the patient
score, as shown in Fig. 22B, mirrored the previous findings and showed a
shift in the distribution of the prostate patients (black bars) to the
left, indicating an overall lower patient score in the majority of prostate
cancer patients relative to the controls. Setting a cut-off patient score
of -1.25, indicated by the dotted line in Fig. 22A, resulted in
approximately 75% sensitivity (that is, 75% of the cancer patients have
scores of less than -1.25), and 91% specificity (that is, 91% of the
control male population has a score greater than -1.25). The p-value
generated from at-test using the patient scores was 1.09E-14 between the
controls and prostate cancer samples. [00165]For the seven lysolipid
species detected in the negative mode (481.3171, 531.3123, 541.3422,
555.3101, 565.3394, 567.3546, and 569.3687), the daughter ion transitions
for the 1-ITS method are shown in Figure 23A. The method is similar to the
positive mode, with four ratios (from two internal standard measurements)
generated per parent ion, resulting in 28 total ratios per patient sample.
The average r-squared values resulting from the analysis of multiple
diluted serum samples for each of the ratios is also shown in Fig. 23A. A
plot of the standard curve for the first transition ratio (480.3/255.4a1)
is shown in Fig. 23 B as an example. As expected, the ratios for each of
the transitions was lower in the prostate cancer cohort relative to the
controls, as shown in the bar graph in Fig. 23C. [00166]The final patient
scores (lowest detected log ratio per patient) for the seven metabolites
detected in the negative mode are shown in the scatter plot in Fig. 24A.
The results clearly show that the patient scores of the 24 prostate cancer
patients (black triangles) were significantly lower than most of the
disease-free male subjects (light grey squares). Plotting the distributions
of the subjects based upon the patient score, as shown in Fig. 24B,
mirrored the previous findings and showed a shift in the distribution of
the prostate patients (black bars) to the left, indicating an overall lower
patient score in the majority of prostate cancer patients relative to the
controls. Setting a cut-off patient score of -1.00, indicated by the dotted
line in Fig. 24A, results in approximately 79% sensitivity (that is, 79% of
the cancer patients have scores of less than -1.00), and 81% specificity
(that is, 81% of the control male population has a score greater than
-1.25). The p-value  generated from a West using the patient scores was
4.11E-14 between the controls and prostate cancer samples. [00167]As would
be known to a person of skill in the art, the cut-off value could be move
either up or down to favor either sensitivity or specificity, respectively.
This performance is superior to that achievable with PSA testing. Since
this method is accurate and can be run rapidly on a serum sample, screening
the male population would be expected to identify otherwise undetected
cases, and would therefore have a major impact on prostate cancer
mortality. [00168]As would also be known to a person of skill in the art,
various subsets of the measured transitions and ratios thereof could be
used to optimize the diagnostic accuracy. Likewise, performing serial
analysis of each of the positive and negative modes and then stacking or
combining the results may also improve the sensitivity and specificity. For
example, patients incorrectly diagnosed using only one method (positive
mode) may be correctly classified with the negative mode, or vise-versa.
Alternatively, data from both positive and negative modes could be acquired
first, followed by the generation of a single patient score based upon the
total cumulative dataset. [00169]All citations are hereby incorporated by
reference. [00170]The present invention has been described with regard to
one or more embodiments. However, it will be apparent to persons skilled in
the art that a number of variations and modifications can be made without
departing from the scope of the invention as defined in the claims.
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188.1566  1203 0.0227 1.46 0.36 1.12 0.63 1.31 194.0804  1203 0.0001 0.72
0.8 0 0 0.72 202.0454  1101 0.0279 2.58 



1.09 3.15 0.59 0.82 205.8867  1101 0.048 2.81 0.28 2.96 0.21 0.95 216.0401
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548.4817  1203  0.0358    570.3726 570.4653 570.4915 579.5322 580.5345
582.2469 583.2504 587.3228 589.3401 589.3404 590.343 590.4597 596.4794
599.4932 601.5077 



604.5441 605.5469 609.3242 612.5004  0.0047 0.0021 0.0089 0.0008 0.0006
0.0261 0.042 0.0276 3.62E-07 0.0246 0.0253 0.0219 0.0012 0.0151 0.0428
0.0002 0.0002 9.76E-08 



0.0149              932.7819  1203 0.026 3.25 0.79 Lai 1./..to.   .-
934.7235  



1204 0.0092 3.33 0.88 2.6 1.01 1.28 935.7299  1204 0.0026 3.23 0.59 2.6
0.79 1.24 936.7387  1204 0.0015 3.41 0.59_ 2.73 0.82 1.25 



937.7457  1204 0.0005 3.43 0.61 2.55 1 1.34 938.7553  1204 0.0011 3.6 0.69
2.75 1.01 1.31 939.7616  1204 0.0016 3.39 0.73 2.63 0.84 



1.29 940.7709  1204 0.0005 3.65 0.81 2.73 0.92 1.34 941.7779  1204 0.0016
3.31 0.96 2.37 0.99 1.39 942.7876  1204 _ 0.0093 3.5 1.1 



2.72 0.89 1.29 943.7931  1204 0.0099 2.93 1.31 1.96 1.2 1.49 944.8033  1204
0.0124 2.95 1.35 1.96 1.3 1.5 945.8085  1204 0.0019 2.54 



1.35 1.26 1.38 2.01 946.8187  1204 0.0246 1.89 1.53 0.98 1.21 1.94 950.7385
1203 0.0482 0.54 0.93 0.12 0.4 4.58 952.7568  1203 0.0004 



0.91 1.05 0.06 0.3 14.68 952.7759  1204 0.0034 2.34 1.05 1.37 1.16 1.71
954.7905  1204 0.0344 1.44 1.25 0.75 0.95 1.92 962.7616  1204 



0.0031 2.2 1.09 1.19 1.17 1.85 964.7764  1204 0.0017 2.64 0.79 1.82 0.93
1.45 965.7839  1204 0.0037 1.95 1.07 1.01 1.08 1.93 966.7933  



1204 0.0047 2.48 0.95 1.63 1.07 1.53 967.7981  1204 0.0022 1.91 0.94 0.99
1.05 1.93 968.8072  1204 0.001 1.83 0.91 0.84 1.05 2.17 



997.3968  1102 0.0011 2.15 0.22 2.39 0.25 0.9 1016.929  1203 6.70E-06 4.91
0.63 3.87 0.8 1.27 1017.934  1203 3.45E-05 4.56 0.65 3.43 1.04 



1.33 1018.943  1203 3.17E-05 4.22 0.7 3.11 0.96 1.35 1019.95  1203 9.64E-06
3.37 0.7 2.07 1.1 1.63 1040.934  1203 0.0011 2.27 1.16 1.13 



1.12 2 1176.777  1204 0.0452 4.32 1.09 4.92 0.96 0.88 1225.093  1203 0.0048
3.34 0.82 2.59 0.96 1.29 1226.098  1203 0.0077 3.11 0.94 



2.49 0.55 1.25 1227.107  1203 0.0202 3.47 0.95 2.81 0.98 1.23 1228.113 1203
0.0104 3.07 0.88 2.5 0.59 1.23 1229.118 1203 0.0018 2.11 



0.93 1.12 1.16 1.89 1251.115 1203 0.0026 1.62 1.24 0.62 0.93 2.6 1253.129
1203 0.0043 1.91 1.21 0.96 0.99 2 1373.744 1201 0.0039 



0.2 0.55 0.89 0.98 0.22  [00186]Table 2. structures for the seven prostrate
chemical ionization) of MetaboliteDetected Accurate masses, human serum
cancer biomarkers putative molecular formulae and proposed detected in
aqueous extracts (positive FormulaProposed Structure  Exact Mass  1 2 3 4 5
6 



7 in Mass 495.3328 517.3147 519.3328 521.3481 523.3640 541.3148 545.3460
495.3325 517.3168 519.3325 521.3481 523.3638 541.3168 545.3481 C24HSONO7P
C261148N0R C261150N07P C261152NO7P C261154NOR C221148NOR C281-152N07P clone
C171-12910 o ctiunro o 0033y 0 0035y 0 CI9H2gy0 Ci9H33y0 o o. PTh_ 



-oN14\ p-Th.s__/               l'co_/ P`ol'c- -o  PM__ / P*0t 0. PM__ /
-oP*0l'c -or'o a- P -oc-  [001871Table 3. MS/MS fragmentation of prostate
cancer biomarker 495.3328, C241-150N071) (m/z represents the [M + 111+
mass)      Formula C24115IN07P+ C241149N06P+ Molecular fragment 91,
----,,----.,-----7--------"-------Aor"-o-g-r--w, OH 



9ki Fragment loss 496 -1120 miz    496    478    419 c21H40N06P + 9 0 6H0 /
478 _+HN- \ 313 



CI9H3703+  0^,-,-.0Hzi. 478 - 166 + H+ 283 C0113103+ .,.......s."...,.
0OH2+ 313 - 0211.6 258 C8112IN07P+ 9I , HOCO-clirN OH   496- C1611300 496 -
C8H20NO5P 239 C1611310   184 C511151`104F+ 



HO. P-\___ / P.-,N+- H0 \ OH 258- HO 166 C51113NO3P+ f'oN\+- 0 478-313 104
C511I4N0 HO- \/ \-N+- \ 184- HP03 86 C51112N 'i \ - 104-1120  [00188]Table
4. MS/MS fragmentation of prostate cancer biomarker 517.3147, 



C261148N0R (m/z represents the [M + H]r mass)  [00189]Table 5. MS/MS
fragmentation of prostate cancer biomarker 519.3328, C26H52N0713 (m/z
represents the [M + li1+ mass)  [00190]Table 6. MS/MS fragmentation of
prostate cancer biomarker 521.3481, C26Hs3N0713(m/z represents the [M 111+
mass)    [00192]Table 8. MS/MS fragmentation of prostate cancer biomarker
541.3148, C28495N00 (m/z represents the N + Hr mass)    Formula miz  542
C28H49N07P+ 483 C25H40N0713+ 284 C91119140713+ 



225 C611101?10r 184 C51115NO4P+ 104 C51114N0 86 C511,2N    [00193]Table 9.
MS/MS fragmentation of prostate cancer biomarker 545.3460, C281-1531407P+
(m/z represents the [M + H1+ mass)  [00194]Table 10. Comparison of fragment
ion patterns for 2-Hydroxy4- palmitoyl-sn-glycero-3-phosphocholine and
495.3328.   [00195]Table 11. Accurate masses, putative molecular formulae
and proposed structures for the seven prostrate cancer biomarkers detected
in aqueous extracts (negative electrospray ionization) of human serum.
(00196]Table 12. MS/MS fragmentation of prostate cancer biomarker 481.3171,



C231-148N07P (rn/z represents the [M - Hr mass)     Formula C231147N07P
Molecular fragment -.N.-----",.."0.9,0 POyCl 51-131 16-0 Fragment loss
-1-1+ nth    480    462 C231145N06P N 0 -1120 



435 C211-14007P 043,0rei5H35 t 0-0 480 - NH(C113)2 391 Col-136NOR
1-10.2Fra.....7"."....-zOyCi 5H35 0-0 462 - I 255 CI6113102  Iit 242
C61-113N07P --.N0-9,0OH F: ICr 0-.................ci5H31 242 -H20 



224 C6IIIIN06P o 9 o i&  168 C4113 NO, ? N,r.....",0.2,011 P II 0- 224
-.....4.7.."?01- 224-  153 C311605P 00 H 0, 11,."7-"."70H P t 0-  79 P03 



IT 0-   [00197]Table 13. MS/MS fragmentation of prostate cancer biomarker
531.3123, C301-146N05P (in/z represents the [M - Hr mass) m/zFormula
530CionisNOR 480 255 224 168 78    [00198]Table 14. MS/MS fragmentation of
prostate cancer biomarker 541.3380, C25H52N09P (m/z represents the [M - Hy
mass)  Formula C25H5INOSP   C231137N0713  OisH3102 '01( i5I-131 



0 OillaN0s13  07111 3NO3P  C41-11 'NOR   N,  0 H C 311603P     0- P03    



[00199]Table 15: MS/MS fragmentation of prostate cancer biomarker 555.3172,
C26H54N0913 (m/z represents the [M - HI mass)  [00200]Table 16. MS/MS
fragmentation of prostate cancer bioinarker 565.3394, C27H52NO9P (m/z
represents the [M - Hy mass)  [00201]Table 17. MS/MS fragmentation of
prostate cancer biomarker 567.3546, C27Hs4NO9P (m/z represents the [M - Hy
mass)  [002021Table 18. MS/MS fragmentation of prostate cancer biomarker
569.368, C27Hs6NO9P (m/z represents the [M - H1- mass)  [00203]Table 19:
Comparison of MS/MS fragmentation patterns of 569.3687 to it's
corresponding lysophospholipid ethanolamine counterpart,
2-hydroxy4-stearyl-sn- glycero-3-Ph0sph0ethan0lamine standard. Molecular
fragment Molecular fragment  [00204]Table 20.   Daughter 3 gaSgall gala'
LSI 



359.4    211.3152.2   ote: The parent in/z and the 2 daughter MRM
transitions used in each method are in bold. Additional daughter
transitions listed could also be used in other methods in the future.  WHAT
IS CLAIMED IS: 1, A method for diagnosing prostate cancer or the risk of
prostate cancer in a patient, the method comprising the steps of: a)
obtaining a sample from said patient; b) analyzing said sample to obtain
quantifying data for one or more than one metabolite marker; c) comparing
the quantifying data for said one OT more than one metabolite marker to
corresponding data obtained from one or more than one reference sample; and
d) using said comparison to diagnose prostate coca or the risk of prostate
cancer, wherein the one or more than one metabolite marker is selected from
the metabolites listed in Table 1, or any combination thereof, 2. The
method of claim 1, wherein step b) comprises analyzing the sample by liquid
chromatography mass spectrometry (LC-MS). 3. The method of claim 1, wherein
the method is a high throughput method and step b) comprises analyzing the
sample by direct injection or liquid chromatography and linear ion trap
tandem mass spectrometry. 4. The method of any one of claims 1 to 3,
wherein said one or more than one reference sample is a plurality of
samples obtained from control individuals; one or more than one baseline
sample obtained from the patient at an earlier date; or a combination
thereof. 5. The method of claim 1, wherein said one or more than one
metabolite marker is selected from the group consisting of
lysophospholipids, including
lysophosphatidylcholine,lysophosphmidylethanolamines,lysophosphatidyl- 



dimethylethanolamines, lysophosphatidylserines,
lysosphingosylphosphoryl-cholines, lysophosphatidylglycerols,
lysophosphatidylinositols, platelet activating factors (PAFs), and
combinations thereof,  6, The method of claim 1, wherein said one or more
than one metabolite marker comprises metabolites with accurate masses
measured in Da!tons of, or substantially equivalent to, a) 495.3328, b)
517.3148, c) 519.3328, d) 5213480, e) 523.3640, f) 541.3148, g) 545.3460,
It) 481.3171, 1) 531.3123, j) 541.3422, k) 555.3101, 1) 565.3394, m)
567.3546, and n) 5693687; and wherein the metabolites are decreased in
patients with prostate cancer. 7. The method of claim 6, wherein
metabolites a) to g) are lysophosphatidylcholine- related compounds and
metabolites la) to n)are N,14-dbnethyl- lysophosphoethanolamine-related
compounds. 8. The method of claim 6, wherein the one or more than one
metabolite is further characterized by an MS/MS spectrum as shown in a)
Figure 7, and/or as described in Table 3; b) Figure 8, and/or as described
in Table 4; c) Figure 9, and/or as described in Table 5; d) Figure 10,
and/or as described in Table 6; e) Figure 11, and/or as described in Table
7; 1) Figure 12, and/or as described in Table 8; g) Figure 13, and/or as
described in Table 9; h) Figure 14, and/or as described in Table 12; 1)
Figure 15, and/or as described in Table 13; j) Figure 16, and/or as
described in Table 14; k) Figure 17, and/or as described in Table 15; 1)
Figure 18, and/or as described in Table 16;      m) Figure 19, and/or as
described in Table 17; and      n) Figure 20, and/or as described in Table
18, respectively. 9. The method of claim 8, wherein the one or more than
one metabolite is further characterized by molecular formula a)
C24HSO14071), b) C26114sNO7P, C26HSON07F; d) C261-152N0711, e)
C261-154NO7F, C21}149NO7F, g) 028/152NOR, h) C231141?10713, C301146NO5P,D
CasH52NO9F, C2sli5oNOtoF, 1) C271-152NO9P; e27Fi54N09, and n) Cz7H56NO9P,
respectively.  



10. The method of claim 9, wherein the one or more than one metabolite is
further characterized by the structure OpH / P*0 tc" a)  Cu H29 yP -01140
'et b)  ct0H .1)I OH0 COOH0 a OyCisHm HOH 0 cse'tH
..."Ner.'agrita-Ae..0yetilist 1) IOH0  OH 0 ?N,"?...04+-vek"-Atyal71125 



13)OH0 respectively. 11. A method for diagnosing prostate cancer or the
risk of prostate cancer in a patient, the method comprising the steps of a)
obtaining a sample from said patient; b) analyzing said sample to obtain
quantifying data for one or more than one metabolite marker; c) obtaining a
ratio for each of the one or more than one metabolite marker to an internal
control metabolite; d) comparing each ratio of said one or more than one
metabolite marker to the internal control metabolite to corresponding data
obtained from one or more than one reference sample; and e) using said
comparison to diagnose prostate cancer or the risk of prostate cancer,
wherein the one or more than one metabolite marker is selected from
metabolites listed in Table 1, or any combination thereof. 12. The method
of claim 11, wherein step b) comprises analyzing the sample by liquid
chromatography mass spectrometry (LC-MS). 13. The method of claim 11,
wherein the method is a bigh-throughput method and step b) comprises
analyzing the sample by direct injection or liquid chromatography and
linear ion trap tandem mass spectrometry. 14. The method of any one of
claims 11 to 13, wherein said one or more than one reference sample is a
plurality of samples obtained from control individuals; one or  more than
one baseline sample obtained from the patient at an earlier date; or a
combination thereof. 15. The method of claim 11, wherein said one or more
than one metabolite marker is selected from the group consisting of
lysophospholipids, including lysophosphatidylcholine,
lysophosphatidylethanolamines, lysophosphatidyldimethylethanolamines,
lysophosphatidylserines, lysosphingosylphosphorylcholines,
lysophosphatidylglycerols, lysophosphatidylinositols, platelet activating
factors (PArs), and combinations thereof 16. The method of claim 11,
wherein said one or more than one metabolite marker comprises metabolites
with accurate masses measured in Dalions of, or substantially equivalent
TO, a) 4.95.3328, b) 517.3148, c) 519.3328, d) 521.3480, e) 523.3640, 1)
541.3148, g) 545.3460. It) 481.3171, 1) 531.3123, j) 5413422, k) 555.3101,
1) 565.3394, in) 567.3546, and n) 569.3687; and wherein the ratio of
metabolite to the internal control metabolite is decreased inpatients with
prostate cancer. 



17. The method of claim 16, wherein metabolites a) to g) are
lysophosphatidylcholine-related compounds and metabolites 11.) to rt) are
N,N- dimethyl phosphoethanolamine-related compounds. 18. The method of
claim 16, wherein the one or more than one metabolite is further
characterized by an 11.4/MS spectrum as shown in a) Figure 7, and/or as
described in Table 3; b) Figure 8, and/or as described in Table 4; c)
Figure 9, and/or as described in Table 5; d) Figure 10, and/or as described
in Table 6; e) Figure 11, and/or as described in Table 7; f) Figure 12,
and/or as 'described in Table 8; g) Figure 13, and/or as described in Table
9; h) Figure 14, and/or as described in Table 12; i) Figure 15, and/or as
described in Table 13; j) Figure 16, and/or as described in Table 14; k)
Figure 17, and/or as described in Table 15; 1) Figure 18, and/or as
described in Table 16; in) Figure 19, and/or as described in Table 17; and
11) Figure 20, and/or as described. in Table 18, respectively. 19. The
method of claim 18, wherein the one or more than one metabolite is further
characterized by molecular formula a) CzalsoNOR, CaelitsNOR, c) C261150N09,
d) C261152NOR, e) C26ll54N07P, f) CzalasNOrls, g) C251-152N0712,
OrallasNOR, ,j) CAH52/409P, k) CA115914010P, 1) C271152N0910, m)
C271-1544O9P, and n) C271-156N09P, respectively. 20. The method of claim
19, wherein the one or more than one metabolite is further characterized by
the structure cisittlyor1/4 a)  cogy/ 



b) 0-o b c) cymmy 0.3to 13- / to lc' CiiHnyo, P-\ I d) 0 OH
Cistissy0..,A,00, Ps' fkb 1/4\r.".-010 la)I OH yaignsi  It- HO 0 N16H31 D
IOH0 000H k) HOH  yOnH31  toH 1)OH0 



2 in)OHoand ryto 14 n)6H respectively. 21. A method for evaluating the
efficacy of a therapy for treating prostate cancer in a patient,
comprising: a) obtaining a sample front said patient b) analyzing said
sample to obtain quantifying data for one or more than one metabolite
marker; c) comparing said quantifying data to corresponding data obtained
front one or more than one reference sample; and d) using said comparison
to detemilne whether the therapy is improving the health state of the
patient, wherein the one or more than one metabolite marker is selected
from metabolites listed in Table 1, ox any combination thereof. 22. The
method of claim 21, wherein step b) comprises analyzing the sample by
liquid chromatography mass spectrometry (LC-MS).  23. The method of claim
21, wherein the method is a high-throughput method and step b) comprises
analyzing the sample by direct injection or liquid chromatography and
linear ion trap tandem mass spectrometry. 24. The method of any one of
claims 21 to 23, wherein said one or more than one reference sample is a
plurality of samples obtained from control individuals one or more than one
pre-therapy baseline sample obtained from the patient; or a combination
thereof 25. The method of claim 21, wherein said one or more than one
metabolite marker comprises metabolites with accurate masses measured in
Datong of, or substantially equivalent to, a) 4953328, b) 517.3148, c)
519.3328, d) 5213480, e) 523.3640, f) 541.3148, g) 5453460, h) 481.3171, i)
531.3123, j) 541.3422, k) 555.3101, 1) 565.3394, in) 567.3546, and n)
5693687; and wherein the metabolites are decreased in patients with
prostate cancer. 26. The method of claim 25, wherein the one or more than
one metabolite is further characterized by an MS/MS spectrum as shovvn in
a) Figure 7, and/or as described in Table 3; b) Figure 8, and/or as
described in Table 4; c) Figure 9, and/or as described in Table 5; d)
Figure 10, and/or as described in Table 6; 



e) Figure 11, and/or as described in Table 7; 1) Figure 12, and/or as
described in Table 8; g) Figure 13, and/or as described in Table 9; h)
Figure 14, and/or as described in Table 12; i) Figure 15, and/or as
described in Table 13; j) Figure 16, and/or as described in Table 14; k)
Figure 17, and/or as described in Table 15; 1) Figure 18, and/or as
described in Table 16;      m) Figure 19, and/or as described in Table 17;
and      n) Figure 20, and/or as described in Table 18, respectively. 27.
The method of claim 26, wherein the one or more than one metabolite is
further characterized by molecular formula a) C24150N0713, b) C261148NOR,
c) C26HSO1?10711,    C24{s2,N0713, e) C261.1s4NOR, C2sH4sNOR,
C281152/?TO7P, C2.11-14sNO7P, D Ca5Hd4O9P, k) C25115014010P, C271152N091),
e2i1hiN0913, and n) Crli56N091), respectively. 28. The method of claim 27,
wherein the one or more than one metabolite is further characterized byte
structure QH eismaiyo, a) .ofsb ciffia y,/ b) It IC.- %Hwy c) 0   



auu,sy-Pt) cvmasy e)   0 outlay -o al9H33y0,A.",..0< to Pk- oycisHal h) OH0
TaisH31 0       000H n k)614  isH31   1) IOH0.5.-CnHat 



tcti 1"..oriTH53 in) IOH0and --..N.^......44.;,0..t01.417H35 n) IOH0
respectively. 29. A method for evaluating the efficacy of a therapy for
treating prostate cancer in a patient, comprising: a) obtaining a sample
from said patient; b) analyzing said sample to obtain quantifying data for
one or more than one metabolite marker; c) obtaining a ratio for each of
the one or more than one metabolite marker to an internal control
metabolite; d) comparing each ratio of said one or more than one metabolite
marker to the internal control metabolite to corresponding data obtained
from one or more than one reference sample; and e) using said comparison to
determine whether the therapy is improving the health state of the patient,
wherein the one or more than one metabolite marker is selected from
metabolites listed in Table 1, or any combination thereof. 30. The method
of claim 29, wherein step b) comprises analyzing the sample by liquid
chromatography mass spectrometry (LC-MS).  31. The method of claim 29,
wherein the method is a. high-throughput method and step b) comprises
analyzing the sample by direct injection or liquid chromatography and
linear ion trap tandem mass spectrometry. 32. The method of any one of
claims 29 to 31, wherein said one or more than one reference sample is a
plurality of samples obtained from control itviividuals; one or more than
one pre-therapy baseline sample obtained from the patient; or a combination
thereof. 33. The method of claim 29, wherein said one or more than one
metabolite marker comprises metabolites with accurate masses measured in
Daltons of, or substantially equivalent to, a) 495.3328, b) 517.3148, c)
519.3328, d) 521,3480, e) 5233640, f) 541.3148, g) 545.3460, h) 481.3171,
1) 531,3123, j) 541.3422, k) 555.3101, 1) 565.3394, m) 567.3546, and n)
569.3687; and wherein the ratio of metabolite to the internal control
metabolite is decreased in patients with prostate cancer. 34. The method of
claim 33, wherein the one or more than one metabolite is further
characterized by an MS/MS spectrum as shown in a) Figure 7, and/or as
described in Table 3; 



b) Figure 8, and/or as described in Table 4; c) Figure 9, and/or as
described in Table 5; d) Figure 10, and/or as described in Table 6; e)
Figure 11, and/or as described in Table 7; f) Figure 12, and/or as
described in Table 8; g) Figure 13, and/or as described in Table 9; h)
Figure 14, and/or as described in Table 12; i) Figure 15, and/or as
described in Table 13; j) Figure 16, and/or as described in Table 14; k)
Figure 17, and/or as described in Table 15; 1) Figure 18, and/or as
described in Table 16; in) Figure 19, and/or as described in Table 17; and
n) Figure 20, and/or as described in Table 18, respectively. as. The method
of claim 34, wherein the one or more than one metabolite is further
characterized by molecular formula a) C24HSON07P, C261-14a1s10711,
C261.150N07P,  U) C,26Hs2NOR, e) C261-1.54NOR, f) 02s1-14aNOR, g)
028}152N0710, C23H,481.107P, j) C251-152N0913, k) C231150N0I0P, 1)
C2,71152N0913, in) Cra54N091), and te C211-156N09P, respectively. 36, The
method of claim 35, wherein the one or more than one metabolite is further
eb,amoterized by the structure  tummy a)    jr,..rdot catizayoPM_ / 



b) a y1/41.0.1 cults,P"\.. .0P% c- e) coHan,ro...Lo. P-1", d) 0 cou
35y0--.)..0-141:tbe. e) 0-0 eitmoy)..X.0-13V-Te clgunro, Pm_ / NyCisHai
it)OH0 "Leo  etslist j) OH0  k)   tsliat  et0H 



IOH0  respectively. 




