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(57) ABSTRACT

Methods for the detection and screening of esophageal
adenocarcinoma (EAC) patients and for the monitoring of
EAC treatment using a panel or panels of small molecule
metabolite biomarkers are disclosed. In other aspects, meth-
ods for detection and screening for the progression of high-
risk conditions (BE and HOD) to EAC and to monitoring
treatment using a panel or panels of small molecule metabo-
lite biomarkers are disclosed. The biomarkers are sensitive
and specific for the detection of EAC, and can also be used to
classify Barrett’s esophagus (BE) and high-grade dysplasia
(HOD), which are widely regarded as precursors of EAC.
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METABOLITE BIOMARKERS FOR THE
DETECTION OF ESOPHAGEAL CANCER
USING NMR

RELATED APPLICATIONS

[0001] This application claims benefit of U.S. Provisional
Patent Application 61/402,729, tiled Sep. 3, 2010, and U.S.
Provisional Patent Application 61/403,910, filed Sep. 23,
2010, the entire contents of which are incorporated by refer-
ence for all purposes.

TECHNICAL FIELD

[0002] The present disclosure generally relates to small
molecule biomarkers comprising a set of metabolite species
that is effective for the early detection of esophageal cancer,
including methods for identifying such biomarkers within
biological samples.

BACKGROUND

[0003] Esophageal cancer is a leading cause of death from
cancer worldwide. The two principal types of esophageal
cancer are squamous cell carcinoma and adenocarcinoma.
Both are relatively uncommon in the U.S., comprising
approximately 1% of all cancers. However, the incidence of
adenocarcinoma is rising at a rapid rate. According to a report
from American Cancer Society, 12,300 new cases and 12,100
deaths were reported in 2000, and the corresponding numbers
for 2009 are 16,470 and 14,530, respectively. The 5-year
survival rates for localized and all stages combined are 34%
and 17%, respectively. Moreover, there is no currently reli-
able method for early detection or for the prediction of treat-
ment outcome.

[0004] Barrett’s esophagus (BE), high-grade dysplasia
(HGD), and invasive cancer are thought to comprise a multi-
step process in the development of esophageal adenocarci-
noma (EAC). HGD has been considered as the immediate
precursor of invasive adenocarcinoma. Since most patients
with HGD are usually bearing or developing cancer, HGD has
been regarded as a marker of progression to carcinoma. How-
ever, no intervention currently exists that prevents the pro-
gression of BE or HGD to esophageal cancer. The traditional
methods for diagnosing esophageal cancer include endos-
copy and barium swallow, but the poor specificity and sensi-
tivity of these methods results in their detection only at an
advanced stage. Recently, prognostic and predictive protein
and genetic markers have been introduced to aid in the diag-
nosis of esophageal cancer. However, biomarkers effective at
a potentially curative stage are lacking

[0005] Metabotomics (or metabolite profiling) is the study
of'concentrations and fluxes of low molecular weight metabo-
lites present in biofluids or tissues that provide detailed infor-
mation on biological systems and their current status. The
field of metabolomics emphasizes the multiplexed analysis of
known and unknown metabolites in complex biological
matrices such as pathological and normal tissue and biologi-
cal fluids (“biofluids™). In various forms of metabolomics, the
low molecular weight metabolites are detected and quantified
by techniques such as nuclear magnetic resonance (NMR)
spectrometry, gas chromatography-mass spectrometry (GC-
MS), liquid chromatography-mass spectrometry (LC-MS),
and capillary electrophoresis-mass spectrometry. Metaholo-
mics aims to improve the molecular level understanding of
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metabolic pathways associated with many diseases or other
biological states in a system biology approach.

[0006] Early diagnostic methods that offer high sensitivity
and specificity for detecting esophageal cancer are in great
demand. We have found that tests based on metabolic profiles
that use a combination of the metabolic biomarkers that were
identified using NMR with the metabolic biomarkers that
were identified using LC-MS have improved sensitivity and
selectivity compared to tests based on metabolic biomarkers
that were identified either method alone.

SUMMARY OF THE INVENTION

[0007] The present disclosure provides methods for the
detection and screening of esophageal adenocarcinoma
(EAC) patients and for the monitoring of EAC treatment
using a panel or panels of small molecule metabolite biom-
arkers. In other aspects, the present disclosure is directed to
the detection and screening for the progression of high-risk
conditions (BE and HGD) to EAC and to monitoring treat-
ment using a panel or panels of small molecule metabolite
biomarkers The biomarkers are sensitive and specific for the
detection of EAC, and can be used to classify Barrett’s
esophagus (BE) and high-grade dysplasia (HGD), which are
widely regarded as precursors of EAC.

[0008] A method of determining a stage in the progression
of'an esophageal adenocarcinoma a subject is disclosed, com-
prising the steps of: measuring the concentration of at least
one metabolic biomarker in a sample of a biofluid from the
subject, wherein the metabolic biomarker is a component of a
panel of a plurality of biomarkers, and wherein a change in the
concentration of the metabolic biomarker is characteristic of
atransition from a first condition to a stage in the progression
of esophageal adenocarcinoma, thereby determining the
stage in the progression of the esophageal adenocarcinoma.
In preferred embodiments, the method is based on metabolic
profiles that use a combination of the metabolic biomarkers
that were identified using NMR with the metabolic biomar-
kers that were identified using LC-MS. In sonic embodi-
ments, the method further comprising the steps of measuring
the concentration of at least one metabolic biomarker in a
sample of a biofluid from a control source, wherein the meta-
bolic biomarker is a component of a panel of a plurality of
biomarkers; constructing a partial least squares model using
the measured concentration of each metabolic biomarker in
the sample from the subject for each metabolic biomarker of
the plurality of biomarkers in the panel and the measured
concentration of each metabolic biomarker in the sample
from the subject for each metabolic biomarker ofthe plurality
of biomarkers in the panel a control source; and determining
the stage in the progression of the esophageal adenocarci-
noma in view of the constructed partial least squares model.
In some embodiments, the stage is selected from normal,
Barrett’s esophagus, high grade dysplasia, esophageal adeno-
carcinoma, early stage esophageal adenocarcinoma, or late
stage esophageal adenocarcinoma.

[0009] In certain embodiments, the panel of metabolic
markers comprises 2 to 18 compounds selected from the
group consisting of lactic acid, valine, leucine, methionine,
carnitine, tyrosine, tryptophan, 5-hydroxytryptophan, myris-
tic acid, margaric acid, linolenic acid, linoleic acid, pyro-
glutamic acid, glutamine, -hydroxybutyrate, citrate, lysine,
creatinine, a-glucose, proline, histidine, alanine, glutamate,
and mixtures thereof. In other embodiments the panel is
selected from the group consisting of a) the panel consisting
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of glutamine, p-hydroxybutyrate, citrate, lysine, creatinine,
lactate, and a-glucose; b) the panel consisting of glutamine,
p-hydroxybutyrate, citrate, lysine, creatinine, lactate, a.-glu-
cose, leucine, valine, methionine, carnitine, tyrosine, tryp-
tophan, 5-hydroxytryptophan, myristic acid, margaric acid,
linolenic acid, and linoleic acid; ¢) the panel consisting of
p-hydroxybutyrate, citrate, creatinine, lactate, and a-glu-
cose; d) the panel consisting of glutamine, f-hydroxybu-
tyrate, citrate, lysine, creatinine, lactate, a-glucose, leucine,
acetone, acetoacetate and asparagine; e) the panel consisting
of glutamine, p-hydroxybutyrate, citrate, lysine, creatinine,
lactate, a-glucose, acetoacetate and asparagine; ) the panel
consisting of glutamine, lysine, creatinine, acetoacetate and
asparagine; g) the panel consisting of lysine, lactate, leucine,
valine, methionine, tyrosine, myristic acid, margaric acid,
linolenic acid, pyroglutamic acid, praline, histidine, alanine
and glutamate; and h) the panel consisting of lactate, pyro-
glutamic acid, and proline. In preferred embodiments, the
panel of metabolic biomarkers includes biomarkers that have
been identified by a plurality of methods selected from
nuclear magnetic resonance (NMR) spectrometry, gas chro-
matography-mass spectrometry (GC-MS), liquid chromatog-
raphy-mass spectrometry (LC-MS), correlation spectroscopy
(COSy), nuclear Overhauser effect spectroscopy (NOESY),
rotating frame nuclear Overhauser effect spectroscopy
(ROESY), LC-TOF-MS, LC-MS/MS, and capillary electro-
phoresis-mass spectrometry. In certain preferred embodi-
ments, the panel of metabolic biomarkers includes biomark-
ers that have been identified by nuclear magnetic resonance
(NMR) spectrometry and liquid chromatography-mass spec-
trometry (LC-MS).

[0010] In further embodiments, the panel is selected from
the group consisting of a) the panel consisting of lactate,
valine, leucine, methionine, tyrosine, tryptophan, myristic
acid and linoleic acid; b) the panel consisting of glutamine,
p-hydroxybutyrate, citrate, and lysine; ¢) the panel consisting
of lactate, valine, leucine, methionine, tyrosine, tryptophan,
myristic acid, linoleic acid, glutamine, $-hydroxybutyrate,
lysine and citrate; d) the panel consisting of glutamine, [3-hy-
droxybutyrate, citrate, lysine, creatinine, lactate, a-glucose,
leucine, acetone, acetoacetate and asparagine; and e) the
panel consisting of lactate, valine, leucine, methionine, car-
nitine, tyrosine, tryptophan, 5-hydroxytryptophan, myristic
acid, linolenic acid and linoleic acid.

[0011] In other embodiments, the panel comprises a) at
least one compound selected from the group consisting of
glutamine, valine, leucine, methionine, lysine, tyrosine, tryp-
tophan, p-hydroxybutyrate, citrate, lysine, creatinine, lactate,
and a-glucose; b) at least one compound selected from the
group consisting of myristic acid, margaric acid; linolenic
acid, linoleic acid and B-hydroxybutyrate; and c) at least one
compound selected from the group consisting of citrate, lactic
acid, and a-glucose.

[0012] A method of detecting the esophageal cancer status
within a biological sample is disclosed, comprising measur-
ing one or more metabolite species within the sample by
subjecting the sample to a nuclear magnetic resonance spec-
trometry analysis, the analysis producing a spectrum contain-
ing individual spectral peaks representative of the one or more
metabolite species contained within the sample; identifying
the at least one or more metabolite species contained within
the sample; and correlating the measurement of the one or
more metabolite species with an esophageal cancer status. In
certain embodiments, one or multiple metabolite species is
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selected from the group consisting of leucine, 3-hydroxybu-
tyrate, lysine, glutamine, acetone, acetoacetate, citrate,
unknown compound 1 appearing at 2.63 ppm, asparagine,
creatinine, lactate, a.-glucose, unsaturated lipids, the follow-
ing lipid species: C—C—CH2-C—C CH2-CO, CH2-C—C,
CH2-CH2-C—C, CH2-CH2-CO, the lipoproteins VLDL2/
LDL2, VLD1/LDL1; and combinations thereof. Typically,
the sample comprises a “biofluid, such as blood or serum.
[0013] In other aspects, a biomarker for detecting esoph-
ageal cancer is disclosed, comprising at least one metabolite
species or parts thereof, selected from the group consisting of
leucine, p-hydroxybutyrate, lysine, glutamine, acetone,
acetoacetate, citrate, unknown compound 1 appearing at 2.63
ppm, asparagine, creatinine, lactate, a-glucose, unsaturated
lipids, compounds characterized by NMR signals from the
following lipid species: C—C—CH2-C—C, CH2-CO, CH2-
C—C, CH2-CH2-C—C, CH2-CH2-CO, compounds charac-
terized by NMR signals from the following lipoprotein sig-
nals: VLDL2/LDL2, VLDLI/LDL1; and combinations
thereof.

[0014] A panel of biomarkers is disclosed comprising 2 to
18 compounds selected from the group consisting of lactic
acid, valine, leucine, methionine, carnitine, tyrosine, tryp-
tophan, 5-hydroxytryptophan, myristic acid, margaric acid,
linolenic acid, linoleic acid, pyroglutamic acid, glutamine,
p-hydroxybutyrate, citrate, lysine, creatinine, c.-glucose, pro-
line, histidine, alanine, glutamate, and mixtures thereof.
[0015] A kit is disclosed for the analysis of a sample of a
biofluid of a subject, comprising aliquots of standards of each
compound of a panel of metabolic biomarkers; an aliquot of
an internal standard; and an aliquot of a control biofluid.
Typically, the kit includes instructions for use. Generally, the
control biofluid is serum from a control source that is in the
same species as the subject. In certain embodiments, the
internal standard is selected from the group consisting of
trimethyisitylpropionic acid-d, sodium salt, tridecanoic acid
and chlorophenylalanine.

[0016] In certain embodiments, the panel of metabolic
markers comprises 2 to 18 compounds selected from the
group consisting of lactic acid, valine, leucine, methionine,
carnitine, tyrosine, tryptophan, 5-hydroxytryptophan, myris-
tic acid, margaric acid, linolenic acid, linoleic acid, pyro-
glutamic acid, glutamine, -hydroxybutyrate, citrate, lysine,
creatinine, a-glucose, proline, histidine, alanine, glutamate,
and mixtures thereof. In other embodiments the panel is
selected from the group consisting of a) the panel consisting
of glutamine, B-hydroxybutyrate, citrate, lysine, creatinine,
lactate, and a-glucose; b) the panel consisting of glutamine,
p-hydroxybutyrate, citrate, lysine, creatinine, lactate, a-glu-
cose, leucine, valine, methionine, carnitine, tyrosine, tryp-
tophan, 5-hydroxytryptophan, myristic acid, margaric acid,
linolenic acid, and linoleic acid; ¢) the panel consisting of
p-hydroxybutyrate, citrate, creatinine, lactate, and a-glu-
cose; d) the panel consisting of glutamine, B-hydroxybu-
tyrate, citrate, lysine, creatinine, lactate, a-glucose, leucine,
acetone, acetoacetate and asparagine; e) the panel consisting
of glutamine, B-hydroxybutyrate, citrate, lysine, creatinine,
lactate, a-glucose, acetoacetate and asparagine; ) the panel
consisting of glutamine, lysine, creatinine, acetoacetate and
asparagine; g) the panel consisting of lysine, lactate, leucine,
valine, methionine, tyrosine, myristic acid, margaric acid,
linolenic acid, pyroglutamic acid, proline, histidine, alanine
and glutamate; and h) the panel consisting of lactate, pyro-
glutamic acid, and proline.
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[0017] In further embodiments, the panel is selected from
the group consisting of a) the panel consisting of lactate,
valine, leucine, methionine, tyrosine, tryptophan, myristic
acid and linoleic acid; b) the panel consisting of glutamine,
p-hydroxybutyrate, citrate, and lysine; ¢) the panel consisting
of lactate, valine, leucine, methionine, tyrosine, tryptophan,
myristic acid, linoleic acid, glutamine, $-hydroxybutyrate,
lysine and citrate; d) the panel consisting of glutamine, [3-hy-
droxybutyrate, citrate, lysine, creatinine, lactate, a-glucose,
leucine, acetone, acetoacetate and asparagine; and e) the
panel consisting of lactate, valine, leucine, methionine, car-
nitine, tyrosine, tryptophan, 5-hydroxytryptophan, myristic
acid, linolenic acid and linoleic acid.

[0018] In other embodiments, the panel comprises a) at
least one compound selected from the group consisting of
glutamine, valine, leucine, methionine, lysine, tyrosine, tryp-
tophan, p-hydroxybutyrate, citrate, lysine, creatinine, lactate,
and a-glucose; b) at least one compound selected from the
group consisting of myristic acid, margaric acid; linolenic
acid, linoleic acid and B-hydroxybutyrate; and c) at least one
compound selected from the group consisting of citrate, lactic
acid, and a-glucose.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The above-mentioned aspects of the present teach-
ings and the manner of obtaining them will become more
apparent and the teachings will be better understood by ref-
erence to the following description of the embodiments taken
in conjunction with the accompanying drawings, in which
corresponding reference characters indicate corresponding
parts throughout the several

[0020] FIG.1A shows a typical 'HNMR CPMG difference
spectrum comparing the spectra from a healthy volunteer and
an esophageal cancer patient, indicating the peaks associated
with several exemplary compounds. FIG. 1B shows typical
'H NMR CPMG serum spectra from a healthy volunteer
(“Normal sample,” continuous line) and an esophageal cancer
patient (“Cancer Sample,” dashed line).

[0021] FIG.2 shows a PLS score plot based on the "H NMR
spectra of normal control subjects, BE, HGD and esophageal
cancer patients in the three dimensional space defined by
latent variables LV1, LV2 and LV3.

[0022] FIG. 3A-FIG. 3D show the results of the PLS-DA
model from the 8 metabolite biomarkers for the training
group (G1, FIG. 3A) and the test group (G2, FIG. 3C), and
ROC curves using the cross-validated predicted class values
for G1 (FIG. 3B) and G2 (FIG. 3D).

[0023] FIG.4A-FIG. 4H show box-and-whisker plots com-
paring the groups “Normal,” “HGD” and “Cancer” for several
biomarkers, in which the y axis for each plot indicates the
relative concentration level of each metabolite normalized by
the internal standard TSP. FIG. 4A, glutamine; F1G. 4B, -hy-
droxybutyrate; F1G. 4C, citrate; FIG. 4D, unknown; FI1G. 4E,
lysine; FIG. 4F, creatinine; FIG. 4G, lactate; and FIG. 4H,
a-glucose.

[0024] FIG. 5 shows a PLS-DA prediction from the model
based on 8 metabolite markers for BE and HGD samples.
[0025] FIG. 6 shows simplified altered metabolism path-
ways for the most relevant metabolic differences between
esophageal cancer patients and control subjects;

[0026] FIG.7A-FIG. 7S show box-and-whisker plots com-
paring the groups “Normal,” “Early Stage EC” and “Late
Stage EC” for several biomarkers, in which the y axis for each
plot indicates the relative concentration level of each metabo-
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lite normalized by the internal standard TSP. FIG. 7A, leu-
cine; FIG. 7B, f-hydroxybutyrate; FIG. 7C, lysine; FIG. 7D,
glutamine; FIG. 7E, acetone; FIG. 7F, acetoacetate; FI1G. 7G,
citrate; FIG. 7H, unknown 1; FIG. 71, asparagine; FIG. 7],
creatinine FIG. 7K, lactate; FIG. 7L, a-glucose; FIG. 7TM,
VLDLI1/LDL1; FIG. 7N, VLDL2/LDL2; FIG. 70, lipids
CH2-CH2-CO; FIG. 7P, lipids CH2-C—C; FIG. 7Q, lipids
CH2-CO; FIG. 7R, lipids C—=C-CH2-C—C; and FIG. 78S,
unsaturated lipids.

[0027] FIG. 8A-FIG. 81 show the results of a performance
comparison of metabolic profiles from EAC patients and
those from normal controls, FIG. 8 A shows the results of the
PLS-DA model from the 12 metabolite markers from LC-MS
analyses; FIG. 8B shows the ROC curve using the cross-
validated predicted class values (AUROC=0.82); FIG. 8C
shows the PL.S-DA prediction of BE and HGD samples from
the LC-MS model comparing EAC and normal controls.

[0028] FIG. 8D shows the results of the PLS-DA model
using the 8 metabolite markers from NMR analyses; FIG. 8E
shows the ROC curve using the cross-validated predicted
class values (AUROC=0.86); FIG. 8F shows the PLS-DA
prediction of BE and HGD samples from the NMR model
comparing EAC and normal controls.

[0029] FIG. 8G shows the results of the PLS-DA model
using the combination of the 12 LC-MS- and the 8 NMR-
detected metabolite markers; FIG. 8H shows the ROC curve
using the cross-validated predicted class values (AUROC=0.
95); FIG. 81 shows the PL.S-DA prediction of BE and HGD
samples from the LC-MS AND NMR model comparing EAC
and normal controls.

[0030] FIG. 9A-FIG. 91 show the results of a performance
comparison of metabolic profiles from. EAC patients and
those with high risk esophageal diseases (BExHGD). FIG.
9A shows the results of the PLS-DA model from the 7
metabolite markers from LC-MS analyses; FIG. 9B shows
the ROC curve using the cross-validated predicted class val-
ues (AUROC=0.87); FIG. 9C shows the PL.S-DA prediction
for normal controls samples from the LC-MS model compar-
ing EAC and BE+HGD.

[0031] FIG. 9D shows the results of the PLS-DA model
using the 8 metabolite markers from NMR analyses; FIG. 9E
shows the ROC curve using the cross-validated predicted
class values (AUROC=0.72); FIG. 9F shows the PLS-DA
prediction of normal controls samples from the NMR model
comparing EAC and BE+HGD,

[0032] FIG. 9G shows the results of the PLS-DA model
using the combination of the 7 LC-MS- and the 8 NMR-
detected metabolite markers; FIG. 9H shows the ROC curve
using the cross-validated predicted class values (AUROC=0.
82); FIG. 91 shows the PLS-DA prediction of normal controls
samples from the LC-MS AND NMR model comparing EAC
and BE+HGD.

[0033] FIG. 10A-FIG. 10L show box-and-whisker plots
illustrating progressive changes of the mean metabolite levels
in high-risk patients (BE and HGD) and esophageal adeno-
carcinoma (EAC) patients relative to normal controls, in
which the y axis for each plot indicates the relative concen-
tration level of each metabolite normalized by the internal
standard. The first eight markers were detected by LC-MS,
and the remaining four were detected by NMR, FIG. 10A,
lactic acid; FIG. 10B, valine; FIG. 10C, leucine; FIG. 10D,
methionine; FIG. 10E, tyrosine; FIG. 10F, tryptophan; FIG.
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10G, myristic acid; FIG. 10H, linoleic acid; FIG. 101, $-hy-
droxybutyrate; FIG. 10J, lysine; FIG. 10K, glutamine; and
FIG. 10L, citrate.

[0034] FIG. 11A-FIG. 11F show PLS-DA models compar-
ing two patient groups, their corresponding ROC curves, and
the prediction of the models for the other (third) patient group
using the 12 trending markers of FIG. 10A-FIG. 10L. FIG.
11A shows the results of the performance comparison of
metabolic profiles between EAC patients and normal con-
trols; FIG. 11B shows the ROC curve using the cross-vali-
dated predicted class values (AUROC=0.92); FIG. 11C
shows the PLS-DA prediction for BE+HGD samples from the
model comparing EAC and normal controls. FIG. 11D shows
the results of the performance comparison of metabolic pro-
files between EAC patients and normal controls; FIG. 11E
shows the ROC curve using the cross-validated predicted
class values (AUROC=0.78); FIG. 11F shows the PLS-DA
prediction for normal controls samples from the model com-
paring EAC and BE+HGD patients.

[0035] FIG. 12A-FIG. 12M show box-and-whisker plots
illustrating differences between EAC patients, high-risk
patients (BE and HUD) and normal controls, for the 12 mark-
ers detected by LC-MS, in which the y axis for each plot
indicates the signal intensity. FIG. 12 A, lactic acid; FIG. 12B,
valine; FIG. 12C, leucine; FIG. 12D, methionine; FIG. 12E,
carnitine; FIG. 12F, tyrosine; FIG. 12G, tryptophan; FIG.
12H, 5-hydroxytryptophan; FIG. 121, myristic acid; FIG. 12],
margaric acid; FIG. 12K, linolenic acid; and FIG. 12L,
linoleic acid.

[0036] FIG. 13A-FIG. 131 show the results of a perfor-
mance comparison of metabolic profiles from normal con-
trols and high-risk (BE+HGD) patients. FIG. 13A shows the
results of the PL.S-DA model for comparing normal controls
and high-risk (BE+HGD) patients using the one metabolite
biomarker from LC-MS analyses; FIG. 13B shows the ROC
curve using the cross-validated predicted class values (AU-
ROC=0.76); FIG. 13C shows the PLS-DA prediction for
EAC samples using the same metabolite and cutoff.

[0037] FIG. 13D shows the results of the PLS-DA model
comparing normal controls and high-risk (BE+HGD)
patients using the 4 metabolite markers identified by NMR
analyses; FIG. 13E shows the ROC curve using the cross-
validated predicted class values (AUROC=0.80); FIG. 13F
shows the PLS-DA prediction for EAC samples from the
NMR model comparing normal controls and high-risk (BE+
HGD) patients.

[0038] FIG. 13G shows the results of the PLS-DA model
using the combination of the five LC-MS and NMR detected
metabolite markers; FIG. 13H shows the ROC curve using the
cross-validated predicted class values (AUROC=0.80); FIG.
131 shows the PLS-DA prediction for EAC samples from the
LC-MS AND NMR model comparing normal controls and
high-risk (BE+HGD) patients,

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0039] In certain aspects, the present disclosure is directed
to methods for the detection and screening of esophageal
adenocarcinoma (EAC) patients and to the monitoring of
EAC treatment using a panel or panels of small molecule
metabolite biomarkers. In other aspects, the present disclo-
sure is directed to the detection and screening for the progres-
sion of high-risk conditions (BE+HGD) to EAC and to moni-
toring treatment using a panel or panels of small molecule
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metabolite biomarkers. The biomarkers are sensitive and spe-
cific for the detection of EAC, and can be used to classify
Barrett’s esophagus (BE) and high-grade dysplasia (HGD),
which are widely regarded as precursors of EAC.

[0040] The present disclosure describes the use of 'H
NMR, LC-MS and multivariate statistical analysis to detect
molecular changes in human blood serum samples by com-
paring the metabolic profiles of patients with BE, HGD, and
EAC, as well as normal controls, to identify a metabolite
profile of, and biomarkers for EAC, as well as methods for
monitoring the progression of EAC. The sensitivity and
specificity of the study were evaluated for not only EAC, but
also Barrett’s esophagus (BE) and high-grade dysplasia
(HGD).

[0041] The present disclosure provides monitoring tests
based on panels of selected biomarkers that have been
selected as being effective in detecting BE, HGD and EAC, as
well as the progression of EAC. The tests have high degrees of
clinical sensitivity and clinical specificity. The tests are based
on biological sample classification methods that use a com-
bination of nuclear magnetic resonance (“NMR”) and mass
spectrometry (“MS”) techniques. More particularly, the
present teachings take advantage of the combination of NMR
and liquid chromatography-mass spectrometry (“LC-MS”)
to identify small molecule biomarkers comprising a set of
metabolite species found in patient serum samples.

[0042] Unless defined otherwise, all technical and scien-
tific terms used herein have the meaning commonly under-
stood by a person skilled in the art to which this invention
belongs. Numbers in scientific notation are expressed as
product of a coefficient between 1 and 10 and ten raised to an
integer power (e.g., 9.6x10™*), or abbreviated as the coeffi-
cient followed by “E,” followed by the exponent (e.g., 9.6E-
04).

[0043] Asusedherein, “metabolite” refers to any substance
produced or used during all the physical and chemical pro-
cesses within the body that create and use energy, such as:
digesting food and nutrients, eliminating waste through urine
and feces, breathing, circulating blood, and regulating tem-
perature. The term “metabolic precursors™ refers to com-
pounds from which the metabolites are made. The term
“metabolic products” refers to any substance that is part of a
metabolic pathway (e.g. metabolite, metabolic precursor).
[0044] As used herein, “biological sample” refers to a
sample obtained from a subject. In preferred embodiments,
biological sample can be selected, without limitation, from
the group of biological fluids (“biofluids™) consisting of
blood, plasma, serum, sweat, saliva, including sputum, urine,
and the like. As used herein, “serum” refers to the fluid por-
tion of the blood obtained after removal of the fibrin clot and
blood cells, distinguished from the plasma in circulating
blood. As used herein, “plasma” refers to the fluid, non-
cellular portion of the blood, as distinguished from the serum,
which is obtained after coagulation.

[0045] As used herein, “subject” refers to any warm-
blooded animal, particularly including a member of the class
Mammalia such as, without limitation, humans and non-hu-
man primates such as chimpanzees and other apes and mon-
key species; farm animals such as cattle, sheep, pigs, goats
and horses; domestic mammals such as dogs and cats; labo-
ratory animals including rodents such as mice, rats and guinea
pigs, and the like. The term does not denote a particular age or
sex and, thus, includes adult and newborn subjects, whether
male or female. As used herein, “normal control subjects” or
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“normal controls” means healthy subjects who are clinically
free of cancer. “Normal control sample” or “control sample”
refers to a sample of biofluid that has been obtained from a
normal control subject.

[0046] Asusedherein, “detecting” refers to methods which
include identifying the presence or absence of substance(s) in
the sample, quantifying the amount of substance(s) in the
sample, and/or qualifying the type of substance. “Detecting”
likewise refers to methods which include identifying the pres-
ence or absence of BE, HGD and EAC or the progression of
EAC.

[0047] “Mass spectrometer” refers to a gas phase ion spec-
trometer that measures a parameter that can be translated into
mass-to-charge ratios of gas phase ions. Mass spectrometers
generally include an ion source and a mass analyzer.
Examples of mass spectrometers are time-of-flight, magnetic
sector, quadrupole filter, ion trap, ion cyclotron resonance,
electrostatic sector analyzer and hybrids of these. “Mass
spectrometry” refers to the use of a mass spectrometer to
detect gas phase ions.

[0048] It is to be understood that this invention is not lim-
ited to the particular component parts of a device described or
process steps of the methods described, as such devices and
methods may vary. It is also to be understood that the termi-
nology used herein is for purposes of describing particular
embodiments only, and is not intended to be limiting. As used
in the specification and the appended claims, the singular
forms “a,” “an,” and “the” include plural referents unless the
context clearly indicates otherwise. The terms “comprises,”
“comprising,” and the like are intended to have the broad
meaning ascribed to them in U.S. Patent Law and can mean
“includes,” “including” and the like,

[0049] Metabolite profiling uses high-throughput analyti-
cal methods such as nuclear magnetic resonance spectros-
copy and mass spectroscopy for the quantitative analysis of
hundreds of small molecules (less than ~1000 Daltons)
present in biological samples. Owing to the complexity of the
metabolic profile, multivariate statistical methods are exten-
sively used for data analysis. The high sensitivity of metabo-
lite profiles to even subtle stimuli can provide the means to
detect the early onset of various biological perturbations in
real time.

[0050] While these metabolite profiles were discovered
using platforms of NMR and LC-MS methods, one of ordi-
nary skill in the art will recognize that these identified biom-
arkers can be detected by alternative methods of suitable
sensitivity, such as HPLC, immunoassays, enzymatic assays
or clinical chemistry methods.

[0051] In one embodiment of the invention, samples may
be collected from individuals over a longitudinal period of
time. Obtaining numerous samples from an individual over a
period of time can be used to verify results from earlier
detections and/or to identity an alteration in marker pattern as
a result of, for example, pathology. In preferred embodi-
ments, the present disclosure provides methods of monitoring
the (progression of BE, HGD and EAC. In certain embodi-
ments, the present disclosure provides methods of assessing
the effectiveness of the treatment of BE, HGD and EAC.
[0052] Inoneembodiment of the invention, the samples are
analyzed without additional preparation and/or separation
procedures. In another embodiment of the invention, sample
preparation and/or separation can involve, without limitation,
any of the following procedures, depending on the type of
sample collected and/or types of metabolic products
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searched: removal of high abundance polypeptides (e.g.,
albumin, and transferrin); addition of preservatives and cali-
brants, desalting of samples; concentration of sample sub-
stances; protein digestions; and fraction collection. In yet
another embodiment of the invention, sample preparation
techniques concentrate information-rich metabolic products
and deplete polypeptides or other substances that would carry
little or no information such as those that are highly abundant
or native to serum.

[0053] In another embodiment of the invention, sample
preparation takes place in a manifold or preparation/separa-
tion device. Such a preparation/separation device may, for
example, be a microfluidics device, such as a cassette. In yet
another embodiment of the invention, the preparation/sepa-
ration device interfaces directly or indirectly with a detection
device. Such a preparation/separation device may, for
example, be a fluidics device.

[0054] In another embodiment of the invention, the
removal of undesired polypeptides (e.g., high abundance,
uninformative, or undetectable polypeptides) can be achieved
using high affinity reagents, high molecular weight filters,
column purification, ultracentrifugation and/or electrodialy-
sis. High affinity reagents include antibodies that selectively
bind to high abundance polypeptides or reagents that have a
specific pH, ionic value, or detergent strength. High molecu-
lar weight fitters include membranes that separate molecules
on the basis of size and molecular weight. Such filters may
further employ reverse osmosis, nanofiltration, ultrafiltration
and microfiltration.

[0055] Ultracentrifugation constitutes another method for
removing undesired polypeptides. Ultracentrifugation is the
centrifugation of a sample at about 60,000 rpm while moni-
toring with an optical system the sedimentation (or lack
thereof) of particles. Finally, electrodialysis is an elec-
tromembrane process in which ions are transported through
ion permeable membranes from one solution to another under
the influence of a potential gradient. Since the membranes
used in electrodialysis have the ability to selectively transport
ions having positive or negative charge and reject ions of the
opposite charge, electrodialysis is useful for concentration,
removal, or separation of electrolytes.

[0056] In another embodiment of the invention, the mani-
fold or microfluidics device performs electrodialysis to
remove high molecular weight polypeptides or undesired
polypeptides. Electrodialysis can be used first to allow only
molecules under approximately 3530 kD to pass through into
a second chamber. A second membrane with a very small
molecular weight cutoff (roughly 500 D) allows smaller mol-
ecules to exit the second chamber.

[0057] Upon preparation of the samples, metabolic prod-
ucts of interest may be separated in another embodiment of
the invention. Separation can take place in the same location
as the preparation or in another location. In one embodiment
of the invention, separation occurs in the same microfluidics
device where preparation occurs, but in a different location on
the device. Samples can be removed from an initial manifold
location to a microfluidics device using various means,
including an electric field. In another embodiment of the
invention, the samples are concentrated during their migra-
tion to the microfluidics device using reverse phase beads and
an organic solvent elution such as 50% methanol. This elutes
the molecules into a channel or a well on a separation device
of a microfluidics device.
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[0058] Chromatography constitutes another method for
separating subsets of substances. Chromatography is based
on the differential absorption and elution of different sub-
stances. Liquid chromatography (LC), for example, involves
the use of fluid carrier over a non-mobile phase. Conventional
LC columns have an in inner diameter of roughly 4.6 mm and
u flow rate of roughly 1 ml/min. Micro-L.C has an inner
diameter of roughly 1.0 mm and a flow rate of roughly 40
w/min. Capillary L.C utilizes a capillary with an inner diam-
eter of roughly 300 um and a flow rate of approximately 5
w/min. Nano-L.C is available with an inner diameter of 50
um-1 and flow rates of 200 ml/min. The sensitivity of nano-
LC as compared to HPLC is approximately 3700 fold. Other
types of chromatography suitable for additional embodi-
ments of the invention include, without limitation, thin-layer
chromatography (TLC), reverse-phase chromatography,
high-performance liquid chromatography (HPLC), and gas
chromatography (GC).

[0059] In another embodiment of the invention, the
samples are separated using capillary electrophoresis separa-
tion. This will separate the molecules based on their electro-
phoretic mobility at a given pH (or hydrophobicity). In
another embodiment of the invention, sample preparation and
separation are combined using microfluidics technology. A
microfiuidic device is a device that can transport liquids
including various reagents such as analytes and elutions
between different locations using microchannel structures.

[0060] Suitable detection methods are those that have a
sensitivity for the detection of an analyte in a biofluid sample
of at least 50 pM. In certain embodiments, the sensitivity of
the detection method is at least 1 M. In other embodiments,
the sensitivity of the detection method is at least 1 nM.

[0061] Inoneembodiment ofthe invention, the sample may
be delivered directly to the detection device without prepara-
tion and/or separation beforehand. In another embodiment of
the invention, once prepared and/or separated, the metabolic
products are delivered to a detection device, which detects
them in a sample. In another embodiment of the invention,
metabolic products in elutions or solutions are delivered to a
detection device by electrospray ionization (ESI). In yet
another embodiment of the invention, nanospray ionization
(NSI) is used. Nanospray ionization is a miniaturized version
of ESI and provides low detection limits using extremely
limited volumes of sample fluid.

[0062] In another embodiment of the invention, separated
metabolic products are directed down a channel that leads to
an electrospray ionization emitter, which is built into a
microfluidic device (an integrated ESI microfluidic device).
Such integrated ESI microfluidic device may provide the
detection device with samples at flow rates and complexity
levels that are optimal for detection. Furthermore, a microf-
luidic device may be aligned with a detection device for
optimal sample capture.

[0063] Suitable detection devices can be any device or
experimental methodology that is able to detect metabolic
product presence and/or level, including, without limitation,
IR (infrared spectroscopy), NMR (nuclear magnetic reso-
nance), including variations such as correlation spectroscopy
(COSy), nuclear Overhauser enact spectroscopy (NOESY),
and rotating frame nuclear Overhauser effect spectroscopy
(ROESY), and Fourier Transform, 2-D PAGE technology,
Western blot technology, tryptic mapping, in vitro biological
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assay, immunological analysis, LC-MS (liquid chromatogra-
phy-mass spectrometry), LC-TOF-MS, LC-MS/MS, and MS
(mass spectrometry).

[0064] For analysis relying on the application of NMR
spectroscopy, the spectroscopy may be practiced as one-,
two-, or multidimensional NMR spectroscopy or by other
NMR spectroscopic examining techniques, among others
also coupled with chromatographic methods (for example, as
LC-NMR). In addition to the determination of the metabolic
product in question, 'H-NMR spectroscopy offers the possi-
bility of determining further metabolic products in the same
investigative run. Combining the evaluation of a plurality of
metabolic products in one investigative run can be employed
for so-called “pattern recognition”. Typically, the strength of
evaluations and conclusions that are based on a profile of
selected metabolites, i.e., a panel of identified biomarkers, is
improved compared to the isolated determination of the con-
centration of a single metabolite.

[0065] Forimmunological analysis, for example, the use of
immunological reagents (e.g. antibodies), generally in con-
junction with other chemical and/or immunological reagents,
induces reactions or provides reaction products which then
permit detection and measurement of the whole group, a
subgroup or a subspecies of the metabolic product(s) of inter-
est. Suitable immunological detection methods with high
selectivity and high sensitivity (10-4000 pg, or 0.02-2
pmoles), e.g., Baldo, B. A, et al, 1991, A Specific, Sensitive
and High-Capacity Immunoassay for PAF, Lipids 26(12):
1136-1139), that are capable of detecting 0.5-21 ng/ml of an
analyte in a biofluid sample (Cooney, S. J., et al., Quantitation
by Radioimmunoassay of PAF in Human Saliva), Lipids
26(12): 1140-1143).

[0066] In one embodiment of the invention, mass spec-
trometry is relied upon to detect metabolic products present in
a given sample. In another embodiment of the invention, an
ESI-MS detection device. Such an ESI-MS may utilizes a
time-of-flight (TOF) mass spectrometry system. Quadrupole
mass spectrometry, ion trap mass spectrometry, and Fourier
transform ion cyclotron resonance (FTICR-MS) are likewise
contemplated in additional embodiments of the invention.
[0067] In another embodiment of the invention, the detec-
tion device interfaces with a separation/preparation device or
microfiuidic device, which allows for quick assaying of
many, if not all, of the metabolic products in a sample. A mass
spectrometer may be utilized that will accept a continuous
sample stream for analysis and provide high sensitivity
throughout the detection process (e.g., an ESI-MS). In
another embodiment of the invention, a mass spectrometer
interfaces with one or more etectrosprays, two or more elec-
trosprays, three or more electrosprays or four or more elec-
trosprays. Such electrosprays can originate from a single or
multiple microfluidic devices.

[0068] In another embodiment of the invention, the detec-
tion system utilized allows for the capture and measurement
of most or all of the metabolic products introduced into the
detection device. In another embodiment of the invention, the
detection system allows for the detection of change in a
defined combination (“profile,” “panel,” “ensemble, or “com-
posite”) of metabolic products.

[0069] Profiles of metabolites in blood serum were con-
structed using NMR spectroscopy, LC-MS, and statistical
analysis methods. The metabolite biomarkers discovered
were selected to build a predictive model that was then used to
test the classification accuracy.
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[0070] Good sensitivity and selectivity were shown using
the markers to predict the classification of healthy and disease
samples. A pathway analysis indicated that altered energy
metabolism and changes in the TCA cycle were the dominant
factors in EAC biochemistry. The markers can be adapted for
use on various diagnostics workstations or platforms in dif-
ferent formats (clinical chemistry, immunoassay, etc).

EXAMPLE 1

[0071] 'H NMR-based metabolite profiling analysis is
shown to be an effective approach for differentiating EAC
patients and healthy subjects. Eight metabolites showed sig-
nificant differences in their levels between cancer and control
based on the Student’s t-test, as shown in Table 4 and FIG.
3A-3D, A PLS-DA model built on these metabolites provided
excellent classification between cancer and control, with the
area under the receiver operating characteristic curve (AU-
ROC) of >0.85 for both training and validation sample sets.
Evaluated by the same model, the BE samples were of mixed
classification and HGD samples were mostly classified as
EAC samples. A pathway study indicated that altered energy
metabolism and changes in the TCA cycle were the dominant
factors in EAC biochemistry.

[0072] Chemicals. Deuterium oxide (D,0, 99.9% D) was
purchased from Cambridge Isotope Laboratories, Inc. (An-
dover, Mass.). Trimethylsilylpropionic acid-d, sodium salt
(TSP), tridecanoic acid, chlorophenylalanine, lactic acid,
valine, leucine, methionine, carnitine, tyrosine, tryptophan,
myristic acid, margaric acid, linolenic acid, linoleic acid and
pyroglutamic acid were purchased from Sigma-Aldrich (ana-
lytical grade, St. Louis, Mo.). 5-hydroxytryptophan was pur-
chased from Alfa-Aesar (analytical grade, Ward Hill, Mass.).
HPLC-grade methanol and acetic acid were purchased from
Fisher Scientific (Pittsburgh, Pa.). Deionized water was
obtained from an EASYpure II UV water purification system
(Barnstead International, Dubuque, lowa),

[0073] Serum sample collection and storage. All samples
were collected following the protocol approved by Indiana
University School of Medicine and Purdue University insti-
tutional Review Boards. All subjects included in the study
provided informed consent according to institutional guide-
lines. The clinicopathologic characteristics of the esophageal
cancer patients are provided in Table 1, below. Whole blood
samples were collected from patients with histologically
documented BE (n=5), BE with HGD (“HGD,” n=11), and
adenocarcinoma (n=68). Blood samples from 34 healthy vol-
unteers served as controls. Each blood sample was allowed to
clot for 45 min and then centrifuged at 2,000 rpm for 10 min.
The serum was collected, aliquoted in a separate vial, frozen,
and shipped over dry ice to Purdue University (West Lafay-
ette, Ind.), where they were stored at —80° C. until use.
[0074] Due to the limited amounts of some samples, 1
EAC, 2 HGD and 2 BE samples were removed for the LC-MS
experiments and further analysis in Example 2, and the cor-
responding NMR data was also excluded from the combined
analysis and discussion. The demographic and clinical
parameters for the reduced set of 67 esophageal adenocarci-
noma (EAC) patients are summarized in Table 2, below.
[0075] Sample preparation and data acquisition. For LC-
MS analysis, frozen serum samples were thawed, and the
protein was precipitated by mixing 100 pL. serum and 200 pl
methanol. Two internal standards, tridecanoic acid and chlo-
rophenylalanine were also included to monitor the extraction
efficiency. The supernatant solution obtained after protein
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removal was dried under vacuum and the obtained residue
was reconstituted in 15 pul. methanol/water (1:1) solution.
Separately, a pooled sample was obtained by mixing together
20 human serum samples randomly selected from all the
samples, and the metabolites were extracted using the same
procedure as above. This pooled sample, referred to as the
quality control (QC) matrix sample, was subjected to analysis
periodically between every 10 samples. QC sample data also
served as technical replicates throughout the data set to assess
process reproducibility. LC-MS analysis was performed
using an Agilent LC-QTOF system (Agilent Technologies,
Santa Clara, Calif.) consisting of an Agilent 1200 SL liquid
chromatography system coupled online with an Agilent 6520
time-of-flight mass spectrometer. A 3 pL. aliquot of reconsti-
tuted sample was injected onto a 2.1x50 mm Agilent Zorbax
Extend-C18 1.8 um particle column with a 2.1x30 mm Agi-
lent Zorbax SB-CS 3.5 um particle guard column, which were
both heated to 60° C. Serum metabolites were gradient-eluted
at 600 ul./min using mobile phase A: 0.2% acetic acid in
water and mobile phase B: 0.2% acetic acid in methanol (2%
to 98% B in 13 min., 98% B for 6 min). Electrospray ioniza-
tion (ESI) was used in positive mode. The MS interface cap-
illary was maintained at 325° C., with a sheath gas flow of 9
L/min. The spray voltage for positive ion injection was 4.0
kV. The mass analyzer was scanned over a range of 50-1000
m/z, Agilent MassHunter Workstation LC-TOF and QTOF
Acquisition software (B.02.01) was used for automatic peak
detection and mass spectrum deconvolution.

[0076] For NMR studies, frozen serum samples were
thawed, and 200 ul was mixed with 350 uL of D,O. Resulting
solutions were transferred to 5-mm NMR tubes. A 60 L.
solution of TSP (0.12 mg/ml) in a sealed capillary was uti-
lized as an internal standard, which acted as the chemical shift
reference (8=0.00). All "H NMR experiments were carried
out at 25° C. on a Bruker DRX-500 spectrometer equipped
with a triple resonance "H inverse detection probe with triple
axis magnetic field gradients. 'HNMR spectra were acquired
using the standard one-dimensional CPMG (Carr-Purcell-
Meiboom-Gill) pulse sequence with water signal (presatura-
tion. Each dataset was averaged over 64 transients using 16K
time domain points, acquired using a spectral width of 6,000
Hz. The data were Fourier transformed after multiplying by
an exponential window function with a line broadening of 1
Hz, and the spectra were phase and baseline corrected using
Bruker TopSpin software (version 3.0).

[0077] Data analysis LC-MS data was processed using Agi-
lent’s MassHunter Qualitative Analysis software (version
B.03.01) for compound identification, A list of ion intensities
for each detected peak was generated using a retention time
(RT) index and m/z data as the identifiers for each ion. Agilent
MassHunter Workstation Mass Profiler Professional software
(version B.02.00) was then used for compound peak align-
ment. A filter was set to remove any metabolite signals that
had missing peaks (ion intensity=1) in more than 10% of the
samples in any group. Peaks from internal standards were
also removed. Finally, the Agilent Formula Database (Agi-
lent, 2010) was used for compound identification by match-
ing the mass spectrum and RT to a database of metabolite
compounds. Unpaired Student’s i-test analysis of the data was
performed to assess the differences of detected compound
intensities among EAC, BE and HGD samples, and normal
controls. Metabolites with low p-values (<0.05) were selected
as potential biomarker candidates and verified from the mass
spectra and RTs of authentic commercial compounds nm
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separately. The fold change (FC) for each metabolite was
calculated to determine metabolite’s variation between the
groups.

[0078] NMR spectral regions were binned to 4K buckets of
equal width (1.5 Hz) to minimize errors due to any fluctua-
tions of chemical shifts arising from pH or ion concentration
variations. Each spectrum was aligned to the methyl peak of
alanine at 1.48 ppm, and normalized using the integrated TSP
signal. Spectral regions of 0.3 to 10.0 ppm were used for the
analysis after deleting the water and urea signals (4.5 to 6.0
ppm). Univariate analysis was performed by applying the
unpaired Student’s t-test to identify significantly different
spectral bins among EAC, BE and HGD patients, and normal
controls. Bins that showed significant differences between
various patient/controls groups were then assigned to the
corresponding metabolites by comparing chemical shifts and
multiplicities of peaks to the literature or online databases.
The characteristic spectral regions for each metabolite were
integrated, and p-values and fold changes between different
groups were calculated.

[0079] To better visualize the differences between spectra,
partial least-squares (PLS), a robust supervised method to
detect subtle changes between group variations, was
employed. In Example 1, PLS fits to data matrices X (which
consists of NMR spectra) and Y (that is set to “1” for cancer
and “0” for control), were performed to display these data as
score plots and loading plots. The NMR spectral signals or
variables, were auto scaled (by subtracting the mean value of
each variable and dividing by its standard deviations) prior to
all statistical analyses. The score plot shows the possible
relationships (or clustering) among the samples to estimate
the classification; each orthogonal axis is named a latent
variable (LV). Corresponding loading plot of each UV con-
tains the weight or contribution of each variable in the mod-
eling. To explore potential biomarker candidates, univariate
analysis was performed by calculating the p-value (unpaired
Student’s t-test), and a Benjamini-Hochberg correction was
followed in order to control false discovery errors originating
from multiplicity. Subsequently, a partial least-squares dis-
criminant analysis (PLS-DA) model was built to evaluate the
biomarker candidates when combined as a metabolite profile.
Predictions were made visually using a Y-predicted scatter
plot with a cut-off value chosen for potential class member-
ship. The NMR data were imported into Matlab (R2008a,
Mathworks, Natick Mass.) installed with a PLS toolbox (ver-
sion 4.1, Eigenvector Research, Inc) for PL.S and PLS-DA
analysis.

[0080] For Example 2, below, the MS/NMR data of the
selected statistically significant metabolites (with p<0.05)
were imported into Matlab (R2008a, Mathworks, Natick,
Mass.) installed with a PLS toolbox (version 4.1, Eigenvector
Research, Inc., Wenatchee, Wash.) for DA analyses. The X
matrix, consisting of the MS/NMR spectral data, was
autoscaled prior to all statistical analyses. Depending on the
group, each subject was assigned a “0” (i.e., patient) and “1,”
(i.e., normal control) to serve as the (one-dimensional) Y
matrix. Leave-one-out cross validation (CV) was chosen, and
the number of latent variables (LV’s) was selected according
to the minimum root mean square error of CV procedure.
Predictions were made visually using a Y-predicted scatter
plot with a cut-off value chosen to minimize errors in class
membership. The R statistical package (version 2.8.0) was
used to generate receiver operating characteristics (ROC)
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curves, calculate and compare sensitivity, specificity and area
under the ROC curve (AUROC).

TABLE 1

Clinicopathologic characteristics of esophageal cancer patients

Training Group (G1) Test Group (G2)

Patient Clinical Patient Clinical

no. Age Sex Stage no. Age Sex Stage

1 69 F T3N1 1 66 M T3NI1

2 69 M TINO 2 60 M T3NI1

3 63 M T3NI1 3 64 M T3NI1

4 71 M TINO 4 58 F T4N1

5 77 M T3NI1 5 68 M M

6 49 M M 6 46 M Mla

7 78 M T3NI1 7 78 M T3NI1

8 61 M M 8 78 M TINO

9 69 M TINO 9 66 M T3NI1
10 57 F TINO 10 53 M T2NO
11 65 M T3NIMla 11 54 F T3NIMla
12 60 F T2NO 12 62 M TINO
13 68 M unknown 13 59 F  unknown
14 51 M unknown 14 75 M T3NO
15 47 F T3NO 15 78 M T2N1
16 56 M T2NIMla 16 72 M T3NO
17 71 M T2Nx 17 77 F T3NO
18 58 M unknown 18 72 M  unknown
19 91 M T3NO 19 82 F  T3NIMlb
20 74 M T3NIMla 20 58 M T3NI1
21 62 M T3NI1 21 67 M T3NI1
22 64 M T3NI1 22 67 M T3NIMI1
23 53 M T2NIM1 23 77 M TINO
24 54 M T2NIMla 24 62 M T3NI1
25 64 F T3N1 25 67 M T3Nx
26 72 M T3NIMla 26 54 M T3NI1
27 64 M T3NI1 27 72 M T3NI1
28 71 M T2NO 28 67 M T3NIMI1
29 65 M T3NO 29 66 M  unknown
30 57 M T3NIMla 30 64 M T2NIMI1
31 78 M T4N1 31 71 M T3NIMI1
32 66 M T2N1 32 68 M T3
33 74 M T3N3M1 33 62 F T2N1
34 63 M T3NI1 34 61 M T2Nx

TABLE 2

Demographic and clincial parameters for
esophageal adenocarcinoma (EAC) patients

Parameter EAC patients (n = 67)
Average age (range) 65.6 (46-91)
Number of males 56
Cancer T1 7
stage T2 11
T3 36
T4 2
No 16
N1 37
M 18

[0081] FIG. 1A shows a difference spectrum (cancer
sample—control sample) of representative *H NMR spectra
of' samples from the control group and the esophageal cancer
group. The original spectra are shown in FIG. 1B, where the
solid line indicates the spectrum of the sample from the con-
trol group and the dashed line the spectrum of the sample
from the esophageal cancer group. The cancer and control
samples could be clearly separated when contributions from
many signals in the spectra are combined, as illustrated in the
PLS score plot shown in FIG. 2, where filled circles represent
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data from control samples, open squares represent data from
EAC samples, stars represent data from BE samples and filled
triangles represent data from HGD samples. The BE and
samples appeared between the cluster of control samples and
the cluster of EAC samples, with HGD samples were gener-
ally closer to the cluster of the EAC samples. Review of the
PLS loadings indicated that a large number of low level
signals contributed and few easily detected signals domi-
nated.

[0082] To better explore and evaluate potential biomarker
candidates, all the control and EAC samples were randomly
and equally divided into 2 groups, G1 as the training group,
and G2 as the test group, Table 1, above. As shown in Table 3,
for the G1 samples, p-values were calculated for all data
points. As shown in Table 3, nineteen spectral regions which
showed a statistical difference between cancer and control
(uncorrected p-value<0.05) were identified and integrated.
The p values along with a Benjamini-Hochberg correction
were calculated for the integrated peaks, and 14 peaks with a
now corrected p-value<0.05 were short-listed.

[0083] According to the literature, these peaks belonged to
8 potential biomarker candidates, which were identified as
p-hydroxybutyrate, lysine, glutamine, citrate, creatinine, lac-
tate, a-glucose and an unknown compound (“unknown 17).
The same metabolite peaks in G2 were also integrated. Fold-
changes were calculated by dividing the average EAC values
by the average control values. All the metabolites concentra-
tions collected were increased in the EAC samples, as shown
in Table 4, below.

TABLE 3

Summary of spectral regions influencing separation of
control samples from EAC samples in the training group.

Benjamini-
chemical multi- Hochberg®
shift (8)t  plicity’ assignment p-value correction

1.20 d  p-hydroxybutyrate 499 x 1072 7.90x 1073
1.69 m lysine 6.59x 10 1.57x 1073
1.91 m lysine 4.61x 10 1.25x1073
2.09 m  glutamine 222x 102 3.02x1072
2.31 m  p-hydroxybutyrate 225x 107 1.42x107*
2.35 m  B-hydroxybutyrate 299%x 103 5.16x1073
2.39 m  B-hydroxybutyrate 240%x107%  2.28x 107
2.53 d  citrate 870x 107  3.31x 107
2.63 m  Unknown 1 1.56 x 10° 297 x 107>
2.69 d  citrate 6.82x 10%  1.44x 1073
3.00 t  lysine 3.04%x10*  9.63x107*
4.05 s creatinine 1.50x 1072 2.19x 1072
4.11 q lactate 140 x 102 2.66x 1073
5.22 d  a-glucose 3.15%x 107 1.49x 1074

*The chemical shift and mu Itiplicity are NMR dependent quantities that indicate the spectral
peak position and number of peaks, respectively that allow the spectroscopist to identify the
chemical compound (s = singlet; d = doublet; t = triplet; q = quartet; m = complex multiplet).
$The Benjamini-Hochberg correction is used to reduce the false discovery rate by adjusting
the p-value to take into account the use of multiple variable comparisons.

[0084] PLS-DA was thenused to build a multivariate model
to evaluate the utility of a panel of the biomarker candidates
taken together, The 8 metabolite biomarkers in the Gl
samples were selected as the variables to build the PLS-DA
model. Leave-one-out cross-validation was performed to
obtain the best model and avoid over-fitting. Three LVs were
used and the cross validation error was estimated as 14.7%.
The model was then reapplied to the samples in G2. The
PLS-DA score plots of G1 and G2 are shown as in FIG. 3A
and FIG. 3C, respectively. Most samples were well classified
using a cut-off of 0.0855. in FIG. 3B and FIG. 3D, receiver
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operating characteristic (ROC) curve analysis using the
cross-validated predicted Y (predicted class) values was uti-
lized to judge the sensitivity and specificity of the PLS-DA
model. The area wider the receiver operating characteristic
curve (AUROC) for the G1 and G2 samples were 0.875 and
0.888, respectively. The sensitivity and specificity for EAC
detection were 88% and 82% for G1, and 88% and 92% for
G2, respectively.

TABLE 4

Metabolites showing a significant separation of control samples from
EAC samples in the training group and their fold change values.

metabolite p-value @ fold change
glutamine 3.02x 1072 1.10
B-hydroxybutyrate 2.28x107° 1.31
citrate 331x 107 1.26
Unknown 1 297 x107° 1.26
lysine 9.63x 107 1.10
creatinine 2.19x 1072 1.23
lactate 2.66 x 1073 1.28
a-glucose 1.49 x 107 1.20

2 Benjamini-Hochberg correction was used to control for possible false discovery due to the
use of multiple variable comparison. The correction used in this case was corrected using 19
variables.

[0085] Since metabolic differences might act as a. useful
tool to grade tumors compared with the classical individual
metabolite-based targeted analysis, p-values and box-and-
whisker plot studies were used to evaluate the metabolite
biomarker profile as a tool for identifying patients with early
stage disease. The p-value results of different group compari-
sons of control, BE, HGD, and EAC samples are listed in
Table 5. The low p-values (p<0,05) for comparison of the
metabolite biomarkers for all the control and EAC samples
demonstrated that the differences in the concentrations of
these compounds were statistically significant. However,
comparisons of adjoining stages always produced high and
non-significant p values. Comparison of HGD with controls
showed that the changes in the concentrations of citrate, crea-
tinine, lactate, a-glucose, and the unknown 1 compound were
significant (p<0.05). Comparison of BE to EAC showed that
the changes in the concentrations of f-hydroxybutyrate and
glutamine were significant.

[0086] The ranges of each metabolite concentration for
control, HGD, and EAC samples are shown as box-and whis-
ker plots in FIG. 4A-FIG. 4G. The BE data were excluded
from this plot because of the small number of samples. The
same increasing trends of each metabolite showed in the plots
from normal controls to HGD and from HGD to EAC. For
citrate, creatinine, lactate, and a-glucose, the changes from
normal controls to HGD were greater than the ones from
HGD to EAC, which were consistent with the p-value results.
FIG. 4A-FIG. 4H show box-and-whisker plots comparing the
groups “Normal,” “HGD” and “Cancer” for several biomar-
kers, in which the y axis represents the relative concentration
level of each metabolite normalized by the internal standard
TSP. FIG. 4A, glutamine; FIG. 4B, p-hydroxybutyrate; FIG.
4C, citrate; FIG. 4D, unknown 1; FIG. 4E, lysine; FIG. 4F,
creatinine: FIG. 4G, lactate; and FIG. 4H, a-glucose.

[0087] Possible age and gender effects were also investi-
gated among the cancer samples (Table 6, below). Large
p-values (p=0.05) were observed for comparisons between
male and female patients for each of the eight markers indi-
cating that gender is likely not a significant factor in the
classification. Similarly, the p-values obtained in compari-
sons of younger and older patients are also high, indicating
that an age effect is also not likely to be present.
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p-value Results For Different Group Comparisons

metabolite Nvs BE NvsHGD NvsEAC BEvsHGD BEvsEAC HGD vs EAC
glutamine 1.38E-01 3.42E-01 3.86E-04  6.54E-02 2.07E-02 1.58E-01
B-hydroxybutyrate 6.62E-01 2.39E-02 3.34E-12  1.34E-01 3.08E-02 3.40E-01
citrate 8.95E-01 4.86E-03 1.36E-07  1.95E-01 2.00E-01 8.99E-01
Unknown 1 4.39E-01 1.10E-02 4.67E-10  5.10E-02 1.42E-02 6.38E-02
lysine 2.36E-01 6.77E-02 1.99E-05  9.96E-01 7.80E-01 6.66E-01
creatinine 8.59E-01 2.10E-02 5.46E-04  1.05E-01 9.77E-02 9.32E-01
lactate 1.74E-01 8.21E-04 4.82E-07  5.29E-01 6.09E-01 5.65E-01
a-glucose 3.80E-01 2.95E-02 2.01E-06 5.83E-01 6.71E-01 4.08E-01

@ Abbreviations: N, normal control; BE, Barrett’s esophagus; HGD, high-grade dysplasia; EAC, esophageal adenocarcinoma.

TABLE 6

p-value Results For Different Genders And Ages Of EAC Patients

above average age vs

metabolite MvsF below average age ®
glutamine 0.494 0.888
B-hydroxybutyrate 0.559 0.329
citrate 0.063 0.083
Unknown 1 0.395 0.935
lysine 0.327 0.974
creatinine 0.054 0.118
lactate 0.925 0.889
a-glucose 0.855 0.344

¢ Abbreviations: M, male patient; T, female patient.
b Average age of all EAC patients = 65.6 yr.

[0088] To further evaluate the BE and HGD samples, the
same PLS-DA model used for predicting the control and EAC
samples was applied, and the result is shown as FIG. 5. BE
samples gave a mixed result, and no confident conclusion
could be made because of the small number of samples,
However, 9 out of 11 HGD samples were predicted as EAC in
this case, which supported the previous PLS result.

[0089] A metabolomics approach based on ‘H NMR
coupled with multivariate statistical methods such as PUS, or
PLS-DA, and starting with metabolite identified by employ-
ing a univariate statistical method (p-values), provides a pow-
erful approach for metabolic profiling of blood serum to
differentiate EAC patients from control subjects. The samples
from EAC patients were easily distinguished from those from
control subjects by PLS using auto-scaling; this approach
using other scaling methods (pareto or log scaling) were not
as successful. This result is explained by the contribution of a
number of low intensity signals that can contribute to the
classification depending on the particular seating method
used. However, significant noise also contributes to the low
signals that are unidentifiable by standard NMR techniques.
The same model without the healthy controls failed to dis-
criminate different ages and genders of esophageal patients,
which indicates that age and gender were probably not rel-
evant parameters in the model. The resulting model had high
sensitivity and specificity for the prediction of EAC.

[0090] Altered metabolic pathways in EAC were identified
based on the metabolites that showed significant concentra-
tion changes. According to the KEGG online database (http://
www.genome.jp/kegg/pathway.html), a simplified pathway
map is shown in FIG. 6. The up-regulation of a-glucose and
lactate, a common observation in the serum of cancer sub-

jects, was detected in samples from EAC patients. The phe-
nomenon of cancer cells avidly taking up a-glucose and
producing lactic acid under aerobic conditions was hypoth-
esized as aerobic glycolysis by Otto Warburg in 1924. The
metabolism of a-glucose with a concomitant increase of lac-
tate production has been regarded as a common trait in many
rapidly proliferating cancers. A continuous supply of a-glu-
cose is demanded by cancer cells to produce glycoproteins,
triglycerides, and glycogen, and as an important source of
energy. High molar concentrations of lactate were correlated
with a high incidence of distant metastasis even in an early
stage of the disease. Numerous recent reports support these
data by demonstrating various biological activities of lactate
that can enhance the malignant behavior of cancer cells,
including epithelial ovarian cancer, cervical cancer, colorec-
tal cancer, and various primary carcinomas in head, neck and
colorectal regions. Thus, a-glucose and lactate accumulation
mirrors the higher energy demand of tumor malignancy. The
average absolute concentration of a-glucose is above the
normal range in the cancer patients; however its counterpart,
lactate, is nevertheless roughly within the normal range, and
thus these markers individually would not point to abnormal-
ity (Table 7, below).

TABLE 7

Absolute concentration comparison of glutamine,
creatinine, lactate and a-glucose

Control samples EAC samples

mean SD? mean SD Normal range
metabolite (mM) (mM) (mM) (mM) (mM) ¢
glutamine 0.469 0.054 0.515 0.068 0.502-0.670
creatinine 0.078 0.015 0.096  0.036 0.050-0.093
lactate 2.86 0.64 3.66 0.79 1.42-4.53
a-glucose 5.49 0.76 6.61 1.48 4.90-5.70
< http://www.hmdb.ca/

® Abbreviations: SD, standard deviation.

[0091] The organic acids f-hydroxybutyrate and citrate
were also found to be increased in samples from EAC patients
compared to control samples. Increased amounts of f-hy-
droxybutyrate may be due to increased energy metabolism in
the tumor, which results in large amounts of lactate produced
by the tumor. When the lactate is abundant, the Cori cycle
might not be able to convert lactate back to a-glucose in the
liver, which results in the accumulation of Acetyl-CoA, and
the citrate up-regulation in the citrate cycle (TCA cycle)
sequentially. In case the Acetyl-CoA is not well accommo-
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dated by the TCA cycle, ketogenesis will take place. As a
ketone body, p-hydroxybutyrate will be converted by B-hy-
droxybutyrate dehydrogenase, which results in the increased
levels of f-hydroxybutyrate.

[0092] Increased levels oflysine, glutamine, and creatinine
were also found in the serum of EAC patients. This is consis-
tent with the effects on the TCA cycle and lactate accumula-
tion, which provide precursors for many compounds includ-
ing lysine, glutamine, and creatinine. It has been reported that
the human hepatocellular carcinoma (HCC) tumors have
elevated levels of glutamine compared with the non-involved
adjacent liver tissues. The elevation of lysine is also in good
agreement with the previous findings in the extracellular fluid
of human cerebral gliomas and colon carcinoma. Creatinine
levels are known to be affected by various cancers, and it was
recently observed to be high in a report analyzing oral squa-
mous cell carcinoma (OSCC) tumor samples. Nevertheless,
the absolute concentrations of creatinine and glutamine were
also not outside of the normal range (Table 7).

TABLE 8
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concentration level of each metabolite normalized by the
internal standard TSP. FIG. 7A, leucine; FIG. 7B, p-hydroxy-
butyrate; FIG. 7C, lysine; FIG. 7D, glutamine; FIG. 7E,
acetone; FIG. 7F, acetoacetate; FIG. 7G, citrate; FIG. 7H,
unknown 1; FIG. 71, asparagine; F1G. 7], creatinine: FIG. 7K,
lactate; FI1G. 7L, a-glucose; FIG. 7M, VLDL1/LDL1; FIG.
7N, VLDL2/LDL2; FIG. 70, lipids CH,—CH,—CO; FIG.
7P, lipids CH,—C—C; FIG. 7Q, lipids CH,—CO; FIG. 7R,
lipids C—C—CH,—C—C; and FIG. 78, unsaturated lipids.
The box-and-whisker plots in FIG. 7M-FIG. 7S show that
lipid levels increased a little in the EAC early stage, and
dropped down significantly in late stage.

EXAMPLE 2

[0095] The LC-MS spectrum for each serum sample con-
sisted of more than 5000 features of which nearly 1400 peaks
were assigned to metabolites using the Agilent database.
Peaks from the spectra that were missing in more than 10% of

Student’s t-test Results For Different Group Comparisons

p-value
Nvsearly Nvslate BEvsearly HGDvsearly early stage EAC vs

metabolite stage EAC stage EAC  stage EAC stage EAC late stage EAC
leucine 0.024721 0.313715 0.000662 0.077035 0.073545
B-hydroxybutyrate 0.000527 2.16E-07  0.041249 0.18197 0.502322
lysine 0.000619  0.000724 0.002146 0.046197 0.109484
glutamine 0.001395  0.011887 0.003983 0.031217 0.057081
acetone 0.037976  0.815539 0.000408 0.132797 0.036172
acetoacetate 0.007573  0.000492 0.0004 0.384006 0.351773
citrate 0.000141 1.58E-07  0.068968 0.46012 0.697529
Unknown 1 3.64E-06 3.15E-09  0.002581 0.049587 0.992147
asparagine 0.008897  0.005095 0.030033 0.218311 0.196706
creatinine 0.026764  0.000858 0.04385 0.309993 0.135932
lactate 0.000396 3.25E-05  0.596059 0.541815 0.774796
a-glucose 0.006117  0.000124 0.748968 0.320462 0.45563
unsaturated lipids 0.287154  0.064584 0.018676 0.226534 0.036963
glyceryl of lipids 0.983398  0.052328 0.0808 0.534725 0.284288
lipids C=C—CH2—C—C  0.980695 0.008613 0.032628 0.455013 0.079069
lipids CH2—CO 0.314499  0.037364 0.018141 0.319495 0.036615
lipids CH2—C—C 0.327037  0.232227 0.035629 0.227064 0.100514
lipids CH2—CH2—C—C 0.223241  0.105682 0.185913 0.886248 0.996133
lipids CH2—CH2—CO 0.393791  0.021347 0.022544 0.285191 0.043763
VLDL2/LDL2 0.269359  0.085373 0.048201 0.280174 0.054369
VLDL1/LDL1 0.522948  0.021897 0.074804 0.440976 0.081535

! Abbreviations: N, control sample; BE, Barrett’s esophagus; HGD, high-grade dysplasia; C, EAC.

[0093] Student’s t-test results of comparisons of different
combinations of normal control, BE, HGD, early stage EAC
and late stage EAC samples are listed in Table 8, above.
Twelve metabolites, including leucine, acetone, acetoacetate,
asparagine, o-glucose, lactate, citrate, 3-hydroxybutyrate,
lysine, glutamine, creatinine, and unknown 1, show signifi-
cant level change between normal control samples and early
stage EAC samples. However, compared to the early stage
EAC samples, the levels of these metabolites do not change
too much in the late stage EAC samples.

[0094] The ranges of the concentration of each metabolite
biomarker for control, early stage EAC and late stage EAC
samples are shown as box-and-whisker plots in FIG. 7A-FIG.
7S. The comparisons are consistent with the t-test results.
FIG. 7TA-FIG. 7S show box-and-whisker plots comparing the
groups “Normal,” “Early Stage EC” and “Late Stage EC” for
several biomarkers, in which the y axis represents the relative

the samples from any group were omitted from further analy-
sis. The use of this filter and the Agilent chemical library
resulted in a total of approximately 200 identified metabolites
common to all the groups. These identified metabolites were
analyzed using univariate analysis. The results showed that
40 metabolites varied significantly (p<0.05) between either
EAC and normal controls, EAC and high-risk patients (BE
and HGD patients), or high-risk patients and normal controls.
Thirteen of these metabolites could he verified from the mass
spectra and retention times of the authentic commercial com-
pounds.

[0096] Table 9 lists the verified metabolites from LC-MS
along with their formulae, masses and retention times. Simi-
larly, as shown in Table 10, fifteen patient-class differentiat-
ing metabolites with low p-values (p<0.05) obtained by inte-
grating the relevant NMR peaks were confirmed by matching
the observed chemical shifts and multiplicities with the
results of Example 1.
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Identification information for Metabolites detected using LC-MS

m/z m/z
Calculated Detected Delta RT Authentic ~ RT Detected Delta
Compound Name Formula (Da) (Da) m/z (ppm) Pooled (min) (min) RT (min)
lactic acid C3HO3 90.0317 90.0318 -1.1774 0.51 0.49 0.02
valine CsH,;NO, 117.0790 117.0790 0 0.38 0.42 -0.04
pyroglutamic acid C,H,NO, 129.0426 129.0429  -2.4023 0.56 0.55 0.01
leucine CegH | 3NO, 131.0946  131.0944 1.7468 0.59 0.62 -0.03
methionine CsH, NO,S 149.0511 149.0514  -2.3482 0.41 0.47 -0.06
carnitine C;HsNO; 161.1052 161.1049 1.8001 0.33 0.37 -0.04
tyrosine CoH | NO; 181.0739 181.0734 2.7061 0.49 0.51 -0.02
tryptophan C, H,N,O, 204.0899 204.0898 03920 1.38 143 -0.05
S-hydroxytryptophan  C,,H,,N,O,  220.0848 2200852 -1.8629 0.64 071 -0.07
myristic acid C 141,50, 228.2089 2282092 -1.1831 12.34 12.36 -0.02
margaric acid C5H5,0, 270.2559 2702562  -1.1841 12.93 12.95 -0.02
linolenic acid CgH300- 278.2246  278.2252  -2.2284 11.29 11.33 -0.04
linoleic acid CgH3,0, 280.2402  280.2405  -0.9635 12.71 12.75 -0.04
[0097] The summary of the verified metabolite biomarker
TABLE 10 candidates from LC-MS and NMR with their p-values and

Identification information for Metabolites detected using NMR

chemical shift multi-
(ppm)“ plicity® assignment
1.48 d alanine
2.02 s N-acetylated protein
2.09 m glutamine
2.39 m B-hydroxybutyrate
244 m glutamate
2.53 d citrate
2.63 m Unknown 1°¢
291 m Unknown 27
3.00 t lysine
3.35 m proline
4.05 s creatinine
4.11 q lactate
5.22 d a-glucose
7.03 s histidine
7.18 d tyrosine

%bThe chemical shift and multiplicity are NMR-dependent quantities that indicate the
spectral peak position and number of peaks, respectively, and allow the spectroscopist to
identify the chemical compound (s = singlet; d = doublet; t = triplet; q = quartet; m = complex
multiplet).

“Unknown 1 was discovered by comparing the control group with EAC patients as reported
in Example 1.

“Unknown 2 was discovered by comparing the normal subjects with BE and HGD patients.

fold changes are shown in Table 11. The sensitivity, specific-
ity and AUROC values from the PLS-DA models of each
comparison are listed in Table 12. Comparison of MS and
NMR data using statistical analysis, separately, showed no
significant differences due to gender, age or cancer stage.

[0098] Table lit lists 26 measured compounds that the
present studies have found to differ in concentration at the
p<0.05 level for the three comparisons, Control vs. EAC,
EAC vs, High-risk (BE+HEM), and Control vs. High-risk
(BE+HGD). The compounds are lactic acid, leucine,
methionine, carnitine, tyrosine, tryptophan, 5-hydroxytryp-
tophan, myristic acid, margaric acid, linolenic acid, linoleic
acid, pyroglutamic acid, glutamine, f-hydroxybutyrate, cit-
rate, unknown compound 1 appearing at 2.63 ppm, lysine,
creatinine, a-glucose, N-acetylated protein, proline, histi-
dine, alanine, glutamate, and unknown compound 2 appear-
ing at 2,91 ppm. Panels of metabolic biomarkers at the p<0.05
level range in size from 5 metabolic biomarkers for the Con-
trol vs. High-risk (BE+HGD) comparison (three of which
have been identified to date: lactic acid, proline and pyro-
glutamic acid) to 18 identified metabolic biomarkers for the
Control vs. EAC comparison.

TABLE 11

Differentiating metabolites among EAC, high-risk (BE + HGD) and control groups.

EAC vs High-risk Control vs High risk

Control vs EAC (BE + HGD) (BE + HGD)

Metabolite Detection p-value* FC? p-value® FC? p-value® FC?
lactic acid LC-MS 1.2E-07 1.6 3.4E-02 1.6

NMR 2.7E-03 1.3 1.6E-02 14
valine LC-MS 29E-07 -1.6 1.0E-02 1.6

NMR 3.7E-02 1.2
leucine LC-MS 2.7E-07 -12 4.2E-02 1.2
methionine LC-MS 2.0E-05 -1.6 24E-02 -16
carnitine LC-MS 5.7E-05 1.2
tyrosine LC-MS 4.0E-03 -1.1

NMR 3.7E-02 1.2
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Differentiating metabolites among EAC, high-risk (BE + HGD) and control groups.

EAC vs High-risk Control vs High risk

Control vs EAC (BE + HGD) (BE + HGD)

Metabolite Detection p-value® FC?  p-value® FCP p-value® FC?
tryptophan LC-MS 3.2E-05  -1.2

5-hydroxytryptophan ~ LC-MS 2.6E-02 -1.1

myristic acid LC-MS 1.2E-03 -1.4 1.8E-02 -14

margaric acid LC-MS 9.5E-03 13

linolenic acid LC-MS 1.5E-02 -1.4 43E-02 -1.2

linoleic add LC-MS 1.1IE-04 -1.5

pyroglutamic acid LC-MS 9.2E-06 2.0 1.4E-04 =22
glutamine NMR 3.0E-02 1.1

B-hydroxybutyrate NMR 2.3E-05 13

citrate NMR 3.3E-04 1.3

Unknown 1 NMR 3.0E-05 1.3

lysine NMR 9.6E-04 1.1 2.8E-02 1.2

creatinine NMR 2.2E-02 1.2

a-glucose NMR 1.5E-04 1.2

N-acetylated protein NMR 6.4E-04 1.2 3.7E-02 -1.1
proline NMR 3.1E-03  -2.7 1.3E-02 2.1
histidine NMR 74E-03 1.3

alanine NMR 9.2E-03 1.3

glutamate NMR 3.6E-02 1.2

Unknown 2 NMR 1.4E-02 -1.5

“p-value determined from Student’s t-test;
PFC: fold change between esophageal adenocarcinoma (EAC) and normal controls.
Positive sign indicates a higher level in EAC and a negative value indicates a lower level.

TABLE 12

Comparison of sensitivity, specificity and AUROC values from
different PLS-DA models using differentiating metabolites detected
individually by NMR or MS and their combination.

Number of candidate

markers Sensi-  Speci-
Comparison MS NMR tivity ficity ~ AUROC
Control vs EAC 12 — 77% 86% 0.82
— 8 82% 88% 0.86
12 8 91% 91% 0.95
8 4 89% 90% 0.92
EAC vs High-risk 7 — 83% 80% 0.87
(BE + HGD) — 8 77% 77% 0.72
7 8 67% 97% 0.82
8 4 75% 70% 0.78
Control vs High- 1 — 74% 75% 0.76
risk (BE + HGD) — 4 68% 92% 0.80
1 4 65% 92% 0.80
[0099] Comparing metabolic profiles between EAC

patients and normal controls: As shown in Table 11, twelve
metabolite biomarker candidates detected by LC-MS and
confirmed with authentic compounds differentiated EAC
patients and normal controls. FIG. 12A-FIG. 12] show the
box-and-whisker plots for the peak intensities of the twelve
differentiating biomarker candidates. As seen in Table 11 and
FIG. 12A-FIG. 12], the levels of lactic acid, carnitine and
margaric acid were higher, and those of valine, leucine,
methionine, tyrosine, tryptophan, S5-hydroxytryptophan,
myristic acid, linolenic acid and linoleic acid were lower in
EAC patients compared to normal controls.

[0100] The biomarker candidates from 'H NMR analysis
have been reported in Example 1. The concentration of eight

metabolites, -hydroxybutyrate, lysine, glutamine, citrate,
creatinine, lactate, a-glucose and an unknown molecule was
higher in EAC specimens than in control samples, and the
difference was statistically significant at the p<0.05 level
(Table 11).

[0101] Comparison of metabolic profiles from normal con-
trols with those from EAC patients: FIG. 8 A-FIG. 81 show
results of the comparison of performance of metabolic pro-
files between EAC patients and normal controls. A PLS-DA
model using the twelve LC-MS derived metabolites (and
leave-one-out cross valuation) provided 77% sensitivity and
86% specificity with an AUROC of 0.82. Similar analysis
using the eight NMR-derived metabolites provided 82% sen-
sitivity and 88% specificity with an AUROC of 0.86. How-
ever, when the metabolite data were analyzed combining the
12 metabolite biomarkers detected using LC-MS and the 8
metabolite biomarkers detected using NMR, both the sensi-
tivity and the specificity of the model improved to 91%, with
an AUROC of 0.95.

[0102] FIG. 8A shows the results of the PLS-DA model
from the 12 metabolite markers from LC-MS analyses; FIG.
8B shows the ROC curve using the cross-validated predicted
class values (AUROC=0.82). FIG. 8C shows the PLS-DA
prediction of BE and HGD samples from the LC-MS model
comparing EAC and normal controls. The BE samples gave a
mixed result, and no confident conclusion could be made
because of the small number of samples. However, most (34)
of the HGD samples were below the cutoff, and would be
predicted as similar to EAC samples in this case.

[0103] Models that included the biomarkers that were iden-
tified by NMR, either alone or in combination with the biom-
arkers that were identified by LC-MS increased the number of



US 2012/0142542 A1l

HGD samples that were predicted to fall below the EAC
cutoff For a PLS-DA model based on metabolite biomarkers
detected using NMR only, 7 out of 9 samples from HGD
patients were indicated as being similar to EAC samples. F1G.
8D shows the results of the PLS-DA model using the 8
metabolite markers from NMR analyses; FIG. 8E shows the
ROC curve using the cross-validated predicted class values
(AUROC=0.86); FIG. 8F shows the PLS-DA prediction of
BE and HGD samples from the NMR model comparing EAC
and normal controls.

[0104] ForaPLS-DA model based on a combination of the
metabolite biomarkers detected using LC-MS and NMR, 7
out of 9 samples from HGD patients were indicated as being
similar to EAC samples. FIG. 8G shows the results of the
PLS-DA model using the combination of LC-MS and NMR
detected metabolite markers. FIG. 8H shows the ROC curve
using the cross-validated predicted class values (AUROC=0.
95) and FIG. 81 shows the PLS-DA prediction of BE and
HGD samples from the LC-MS AND NMR model comparing
EAC and normal controls.

[0105] Comparison of metabolic profiles from EAC with
high-risk patients: The data for high-risk patients (BE and
HGD patients) were combined for the analysis because of
their small sample numbers. Univariate analysis of the data
showed that 7 LC-MS and 8 metabolite biomarkers detected
using NMR varied significantly between EAC and the high-
risk patients. The results are summarized in Table 11, above.
[0106] PLS-DA models were built using the LC-MS and
NMR derived metabolite signals, separately and in combina-
tion, to test the classification accuracy for the two patient
groups.

[0107] FIG. 9A shows the results of the PLS-DA model
from the 7 metabolite markers from LC-MS analyses; FIG.
9B shows the ROC curve using the cross-validated predicted
class values (AUROC=0.87); FIG. 9C shows the PLS-DA
prediction for normal controls samples from the LC-MS
model comparing EAC and BE+HGD.

[0108] FIG. 9D shows the results of the PLS-DA model
using the 8 metabolite markers from NMR analyses; FIG. 9E
shows the ROC curve using the cross-validated predicted
class values (AUROC=072); FIG. 9F shows the PLS-DA
prediction of normal controls samples from the NMR model
comparing EAC and BE+HGD.

[0109] FIG. 9G shows the results of the PLS-DA model
using the combination of LC-MS and NMR detected metabo-
lite markers; FIG. 9H shows the ROC curve using the cross-
validated predicted class values (AUROC=0,82); FIG. 91
shows the PLS-DA prediction of normal controls samples
from the LC-MS AND NMR model comparing EAC and
BE+HGD.

[0110] In summary, the model based on metabolite biom-
arkers identified using .C-MS provided sensitivity and speci-
ficity ot 83% and 80%, respectively, with an AUROC of 0.87.
The model based on metabolite biomarkers identified using
NMR provided both sensitivity and specificity of 77% with an
AUROC of 0.72. When the model was based on the combi-
nation of the metabolite biomarkers identified using either
LC-MS and NMR, a sensitivity and specificity of 67% and
97% were obtained, respectively, with an AUROC of 0.82.
Although the performance of the model from the combined
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data was slightly better than that from NMR data alone, the
model derived from the metabolite biomarkers identified
using LC-MS showed the best performance. When testing the
controls using the same PLS-DA models derived from the
LC-MS detected, NMR detected and combined metabolites,
22, 12 and 22 of 34 controls were above the cut-off value,
respectively, and were therefore classified as not being similar
to EAC patients.

[0111] Comparison of metabolic profiles from normal con-
trols with high-risk patients: Only one metabolite biomarker,
pyroglutamic acid, detected by LC-MS, and three metabolite
biomarkers detected using NMR, proline, lactic acid and an
unknown metabolite, differed significantly (p<0.05) in a
comparison of samples from high-risk patients and those
from normal controls (Table 11). In addition, a peak arising
from an N-acetylated protein in the NMR spectra showed a
significant difference between the two groups. While the lev-
els of pyroglutamic acid, proline and lactic acid were higher
in the high-risk group, the others were lower.

[0112] The LC-MS and NMR data for the high-risk indi-
viduals and normal controls were compared using PLS-DA
analysis. The lone distinguishing metabolite detected by LC-
MS, pyroglutamic acid, had a sensitivity and specificity of
74% and 75%, respectively, with an AUROC of 0.76. A PLS-
DA model based on the metabolites detected using NMR
provided a sensitivity and specificity of 68% and 92%,
respectively, with an AUROC 01'0.80. The combined analysis
of the data from the two analytical methods provided results
similar to that NMR alone. However, all the models failed to
give a clear prediction of the EAC patients.

[0113] Trending markers: Levels of the metabolites
between the three groups, EAC, BE+HGD, and normal con-
trols were compared using box-and-whisker plots. Interest-
ingly, the average levels for twelve of the metabolites, includ-
ing lactic acid, valine, leucine, methionine, tyrosine,
tryptophan, myristic acid, linoleic acid, p-hydroxybutyrate,
lysine, glutamine and citrate progressively changed with the
average levels for BE and HGD patients falling in between the
levels for normal controls and EAC. While the levels for lactic
acid, P-hydroxybutyrate, lysine, glutamine and citrate
increased, the levels for valine, leucine, methionine, tyrosine,
tryptophan, myristic acid and linoleic acid decreased progres-
sively.

[0114] FIG. 10A-FIG. 10L show box-and-whisker plots
illustrating progressive changes of the mean metabolite levels
in high-risk patients (BE and HGD) and esophageal adeno-
carcinoma (EAC) patients relative to normal controls, in
which the y axis for each plot indicates the relative concen-
tration level of each metabolite normalized by the internal
standard. The first eight markers were detected by LC-MS,
and the remaining four were detected by NMR. FIG. 10A,
lactic acid; FIG. 10B, valine; FIG. 10C, leucine; FIG. 10D,
methionine; FIG. 10E, tyrosine; FIG. 10F tryptophan; FIG.
10G, myristic acid; FIG. 10H, linoleic acid; FIG. 101, $-hy-
droxybutyrate; FIG. 10J, lysine; FIG. 10K, glutamine; and
FIG. 10L, citrate.

[0115] Using these twelve markers, PLS-DA models were
again built using LC-MS and NMR separately and in combi-
nation, to test the classification accuracy for each of the two
group comparisons. A PLS-DA model for EAC compared to
the normal controls was used to predict values for the high-
risk patients. The model provided a sensitivity and specificity
of 89% and 90%, respectively, with an AUROC of 0.92.
However, the predictive model for BE and HGD did not
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improve over that using the previous PLS-DA model (FIG.
8A-FIG. 8F). FIG. 4B shows the PL.S-DA model comparing
EAC and the high-risk patient group.

[0116] FIG.11A-FIG. 11F show PLS-DA models compar-
ing two patient groups, their corresponding ROC curves, and
the prediction of the models for the other (third) patient group
using the 12 trending markers of FIG. 10A-FIG. 10E. FIG.
11A shows the results of the performance comparison of
metabolic profiles between EAC patients and normal con-
trols; FIG. 11B shows the ROC curve using the cross-vali-
dated predicted class values (AUROC=0.92); FIG. 11C
shows the PLS-DA prediction for BE+HGD samples from the
model comparing EAC and normal controls. FIG. 11D shows
the results of the performance comparison of metabolic pro-
files between EAC patients and normal controls; FIG. 11E
shows the ROC curve using the cross-validated predicted
class values (AUROC=0.78); FIG. 11F shows the PLS-DA
prediction for normal controls samples from the model com-
paring EAC and BE+HGD patients. This model provided a
sensitivity, specificity and AUROC of 76% 70% and 0.78,
respectively. In this case an improvement in the predictive
testing of the control subjects was obtained, with 30 out of 34
controls appearing above the cut-off line (non-EAC like).
However, these twelve markers could not be used to generate
a clear classification between normal controls and at risk
patients using PL.S-DA.

[0117] FIG. 12A-FIG. 12M show box-and-whisker plots
illustrating differences between EAC patients, high-risk
patients (BE and HGD) and normal controls, for the 12 mark-
ers detected by LC-MS, in which the y axis for each plot
indicates the signal intensity. FIG. 12 A, lactic acid; FIG. 12B,
valine; FIG. 12C, leucine; FIG. 12D, methionine; FIG. 12E,
carnitine; FIG. 12F, tyrosine; FIG. 12G, tryptophan; FIG.
12H, 5-hydroxytryptophan; FIG. 121, myristic acid; FIG. 12],
margaric acid; FIG. 12K, linolenic acid; and FIG. 12L,
linoleic acid.

[0118] FIG. 13A-FIG. 13I show the results of a perfor-
mance comparison of metabolic profiles from normal con-
trols and high-risk (BE+HGD) patients. FIG. 13A shows the
results of the PL.S-DA model for comparing normal controls
and high-risk (BE+HGD) patients using the one metabolite
biomarker from LC-MS analyses; FIG. 13B shows the ROC
curve using the cross-validated predicted class values (AU-
ROC=0.76); FIG. 13C shows the PLS-DA prediction for
EAC samples using the same metabolite and cutoff.

[0119] FIG. 13D shows the results of the PLS-DA model
comparing normal controls and high-risk (BE+HGD)
patients using the 4 metabolite markers identified by NMR
analyses; FIG. 13E shows the ROC curve using the cross-
validated predicted class values (AUROC=0.80); FIG. 13F
shows the PLS-DA prediction for EAC samples from the
NMR model comparing normal controls and high-risk (BE+
HGD) patients.

[0120] FIG. 13G shows the results of the PLS-DA model
using the combination of the five LC-MS and NMR detected
metabolite markers; FIG. 13H shows the ROC curve using the
cross-validated predicted class values (AUROC=0,80); FIG.
131 shows the PLS-DA prediction for EAC samples from the
LC-MS AND NMR model comparing normal controls and
high-risk (BE+HGD) patients.

[0121] As summarized above, Table 11 lists 26 measured
compounds that the present studies have found to differ in
concentration at the p<0.05 level for the three comparisons,
Control vs. EAC, EAC vs. High-risk (BE+HGD), and Control
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vs. High-risk (BE+HGD). The compounds are lactic acid,
valine, leucine, methionine, carnitine, tyrosine, tryptophan,
5-hydroxytryptophan, myristic acid, margaric acid, linolenic
acid, linoleic acid, pyroglutamic acid, glutamine, -hydroxy-
butyrate, citrate, unknown compound 1 appearing at 2.63
ppm, lysine, creatinine, a-glucose, N-acetylated protein, pro-
line, histidine, alanine, glutamate, and unknown compound 2
appearing at 2.91 ppm. Panels of metabolic biomarkers at the
p<0.05 level range in size from 5 metabolic biomarkers for
the Control vs. High-risk (BE+HGD) comparison (three of
which have been identified to date: lactic acid, proline and
pyroglutamic acid) to 18 identified metabolic biomarkers for
the Control vs. EAC comparison. The set of chemically iden-
tified metabolic biomarkers at the p<0.05 level for at least one
of the three comparisons is lactic acid, valine, leucine,
methionine, carnitine, tyrosine, tryptophan, 5-hydroxytryp-
tophan, myristic acid, margaric acid, linolenic acid, linoleic
acid, pyroglutamic acid, glutamine, f-hydroxybutyrate, cit-
rate, lysine, creatinine, a.-glucose, proline, histidine, alanine,
and glutamate.

[0122] Table 13 summarizes the metabolic biomarkers that
have been shown in ten comparisons Example 1 and Example
2 above to be useful in distinguishing at the p<0.05 level the
conditions in comparisons across the indicated transitions.
Panels of identified compounds that have concentration
changes that have been found to be useful in characterizing
the indicated transitions and states in the progression from
normal tissue to EAC are:

[0123] Normal control vs. EAC (Table 4, Table 5)
glutamine, f-hydroxybutyrate, citrate, lysine, creati-
nine, lactate, and a-glucose.

[0124] Normal control vs. EAC (Table 11) glutamine,
p-hydroxybutyrate, citrate, unknown 1, creatinine, lac-
tate, a-glucose, leucine, valine, methionine, carnitine,
tyrosine, tryptophan, S5-hydroxytryptophan, myristic
acid, margaric acid, linolenic acid, and linoleic acid.

[0125] Control vs. HGD (Table 5,) f-hydroxybutyrate,
citrate, creatinine, lactate, and a-glucose. Control vs.
High-risk (BE+HGD) (Table 11) lactate, pyroglutamic
acid, N-acetylated protein, and proline.

[0126] EAC vs. High-risk (BE+HGD) (Table 11) lysine,
lactate, leucine, valine, methionine, tyrosine, myristic
acid, linolenic acid, pyroglutamic acid, N-acetylated
protein, proline, histidine, alanine, and glutamate.

[0127] BEwvs.EAC (Table 5,) glutamine, and f-hydroxy-
butyrate.
[0128] Control vs. early stage EAC (Table 8, p<0.05)

glutamine, f-hydroxybutyrate, citrate, lysine, creati-
nine, lactate, a-glucose leucine, acetone, acetoacetate,
and asparagine,

[0129] Control vs late stage EAC (Table 8) glutamine,
p-hydroxybutyrate, citrate, lysine, creatinine, lactate,
a-glucose, acetoacetate, and asparagine.

[0130] BE vs. early stage EAC (Table 8) glutamine,
lysine creatinine acetone, acetoacetate, and asparagine.

[0131] HGD vs. early stage EAC (Table 8) Lysine and
glutamine.
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TABLE 13

Differentiating Metabolite Biomarkers (p <0.05)

Early
EAC HGD EAC
Cvs. vs. EAC Cvs. Cvs. BE vs. vs. vs.
Cvs. Cvs. High- High- vs. Early Late Early Early Late
Comparison EAC HGD risk risk BE EAC EAC EAC EAC EAC

See Table 4,5,11 5 11 11 5 8 8 8 8 8
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Amino Acids & Amino Acid Metabolites

glutamine
asparagine

proline

histidine

alanine

glutamate

valine

leucine
methionine

lysine

tyrosine
tryptophan
creatinine
carnitine
5-hydroxytryptophan
pyroglutamic acid

Fatty Acids and Metabolites

myristic acid
margaric acid
linolenic acid
linoleic acid
B-hydroxybutyrate

TCA Cycle Compounds & Sugars

citrate
lactic acid
a-glucose

Other

N-acetylated protein
unknown 1

acetone
acetoacetate
unsaturated lipids
unknown 2

[0132] Comparison of the individual metabolites and the
statistical models developed using the differentiating metabo-
lites in the three groups showed that metabolic profiles of the
high-risk (BE+HGD) patients were different from both EAC
patients and normal controls. Progressive changes in the lev-
els of twelve metabolites derived from LC-MS and NMR
methods indicate the potential utility for identifying high-risk
(BE+HGD) patients who may develop EAC (FIG. 10A-FIG.
10L). This is particularly important since BE and HGD are
major risk factors for the development of EAC. Identification
of metabolites in these patients, which are potentially predic-
tive of the development of EAC is particularly important for
the management of at risk patients.

[0133] Identification of metabolic pathways associated
with altered metabolites can improve the understanding of the
biology and pathology in the trajectory from normal to esoph-
ageal disease and ultimately EAC. FIG. 6 shows a detailed
metabolic pathway map associated with changes concentra-
tion of the metabolite markers identified using either MS,

NMR, or both MS and NMR methods. Altered pathways
include changes in amino acid metabolism, biosynthesis and
degradation (glutamine, lysine, carnitine, valine, leucine,
methionine, tryptophan, 5-hydroxytryptophan, and tyrosine),
glycolysis (lactate and a-glucose), ketone bodies synthesis
and degradation (f-hydroxybutyrate), tricarboxylic acid
(TCA) cycle (citric acid cycle) and fatty acid metabolism
(linoleic acid, linolenic acid and myristic acid).

[0134] Energy metabolism and the TCA cycle dominate the
altered biochemistry of EAC. Accumulation of lactate, which
is common in many cancers (Walenta, S., et al. High Lactate
Levels Predict Likelihood of Metastases, Tumor Recurrence,
and Restricted Patient Survival in Human Cervical Cancers,
Cancer Res, 2000, 60:916-921), mirrors the demand for
higher energy in tumor malignancy. The increase of carnitine
in the EAC patients indicates increased activity of carnitine,
lysine and glutamine biosynthesis connected with the TCA
cycle via lactate accumulation, again in response to the higher
energy demand of the tumor. Many serum amino acids,
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including valine, leucine, tyrosine, methionine, tryptophan
and 5-hydroxytryptophan, were down-regulated in EAC
patients compared with normal controls, which indicates an
increased demand for and over-utilization of amino acids in
the tumor tissue, as further evidenced by other reports on the
cancer as welt as other malignant tumors. Fatty acid metabo-
lism is also altered in the cancer patient sera, as seen by the
reduced levels of a number of fatty acids, and which is also in
accordance with findings in serum from other cancers such as
colorectal cancer.

[0135] We also noticed that valine and tyrosine were
decreased in the sera of patients in the current study, but
increased in the tissue of EAC patients. The differential regu-
lation of certain metabolites in biofluids versus tissue samples
for the same disease has been reported in other disease meta-
bolic profiling studies as well. For example, while histidine
has been reported to be increased in colorectal cancer patient
tissue, it has been reported to be depleted in urine.

[0136] The results of the present study have shown that the
metabolic profiling of serum using a combination of and *H
NMR, along with multivariate statistical methods can provide
a detailed picture of metabolic changes in EAC and patients
with high cancer risk (BE+HGD), compared with normal
controls. These patient groups can be distinguished from one
another with good accuracy. Since these two analytical meth-
ods largely detect different metabolites, their combined use
for global metabolic profiling is advantageous. Progressive
changes in a number of metabolites between the three groups
are particularly noteworthy since these metabolites, which
vary gradually from normal controls to high-risk (BE+HGD)
patients and EAC patients can be useful biomarkers for the
early detection of EAC.

[0137] Technical and scientific terms used herein have the
same meaning as is commonly understood by one of skill in
the art to which this disclosure belongs. It should be noted that
the terms “first,” “second,” and the like herein do not denote
any order or importance, but rather are used to distinguish one
element from another. The terms “a” and “an” herein do not
denote a limitation of quantity, but rather denote the presence
of at least one of the referenced items. The terms “bottom”
and “top” are used herein, unless otherwise noted, merely for
convenience of description, and are not limited to anyone
position or spatial orientation. In addition, the modifier
“about” used in connection with a quantity is inclusive of the
stated value and has the meaning dictated by the context (e.g.,
includes the degree of error associated with measurement of
the particular quantity). Unless otherwise noted, the ends of a
range are included in the range of values, e.g. “integers from
3 to 7” includes the values 3, 4, 5, 6, and 7,

[0138] While the disclosure has been described with refer-
ence to an exemplary embodiment, it will be understood by
those skilled in the art that various changes may be made and
equivalents may be substituted for elements thereof without
departing from the scope of the disclosure. In addition, many
modifications may be made to adapt a particular situation or
material to the teachings of the disclosure without departing
from the essential scope thereof. Therefore, it is intended that
the disclosure not be limited to the particular embodiment
disclosed as the best mode contemplated for carrying out this
disclosure, but that the disclosure will include all embodi-
ments falling within the scope of the appended claims.
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What is claimed is:

1. A method of determining a stage in the progression of an
esophageal adenocarcinoma in a subject, comprising the
steps of:

measuring the concentration of at least one metabolic
biomarker in a sample of a biofluid from the subject,
wherein the metabolic biomarker is a component of a
panel of a plurality of biomarkers,

wherein a change in the concentration of the metabolic
biomarker is characteristic of a transition from a first
condition to a stage in the progression of esophageal
adenocarcinoma, thereby determining the stage in the
progression of the esophageal adenocarcinoma.

2. The method of claim 1 further comprising the steps of:

measuring the concentration of at least one metabolic
biomarker in a sample of a biofluid from a control
source, wherein the metabolic biomarker is a component
of a panel of a plurality of biomarkers;

constructing a partial least squares model using the mea-
sured concentration of each metabolic “biomarker in the
sample from the subject for each metabolic biomarker of
the plurality of biomarkers in the panel and the measured
concentration of each metabolic biomarker in the
sample from the subject for each metabolic biomarker of
the plurality of biomarkers in the panel a control source;
and

determining the stage in the progression of the esophageal
adenocarcinoma in view of the constructed partial least
squares model.

3. The method of claim 1 wherein the stage is normal,
Barrett’s esophagus, high grade dysplasia, esophageal adeno-
carcinoma, early stage esophageal adenocarcinoma, or late
stage esophageal adenocarcinoma.

4. The method of claim 1 wherein the panel of metabolic
markers comprises 2 to 18 compounds selected from the
group consisting of lactic acid, valine, leucine, methionine,
carnitine, tyrosine, tryptophan, 5-hydroxytryptophan, myris-
tic acid, margaric acid, linolenic acid, linoleic acid, pyro-
glutamic acid, glutamine, -hydroxybutyrate, citrate, lysine,
creatinine, a-glucose, proline, histidine, alanine, glutamate,
and mixtures thereof.

5. The method of claim 1 wherein the panel is selected from
the group consisting of

a. the panel consisting of glutamine, p-hydroxybutyrate,
citrate, lysine, creatinine, lactate, and a-glucose;

b. the panel consisting of glutamine, f-hydroxybutyrate,
citrate, lysine, creatinine, lactate, a-glucose, leucine,
valine, methionine, carnitine, tyrosine, tryptophan,
5-hydroxytryptophan, myristic acid, margaric acid,
linolenic acid, and linoleic acid;

c. the panel consisting of p-hydroxybutyrate, citrate, crea-
tinine, lactate, and a-glucose;

d. the panel consisting of glutamine p-hydroxybutyrate,
citrate, lysine, creatinine, lactate, a-glucose, leucine,
acetone, acetoacetate and asparagine;

e. the panel consisting of glutamine, -hydroxybutyrate,
citrate, lysine, creatinine, lactate, c.-glucose, acetoac-
etate and asparagine;

f. the panel consisting of glutamine, lysine, creatinine,
acetoacetate and asparagine;

g. the panel consisting of lysine, lactate, leucine, valine,
methionine, tyrosine, myristic acid, margaric acid, lino-
lenic acid, pyroglutamic acid, proline, histidine, alanine
and glutamate; and
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h. the panel consisting of lactate, pyroglutamic acid, and
proline.

6. The method of claim 1 wherein the panel is selected from

the group consisting of

a. the panel consisting of lactate, valine, leucine, methion-
ine, tyrosine, tryptophan, myristic acid and linoleic acid;

b. the panel consisting of glutamine, p-hydroxybutyrate,
citrate, and lysine;

c. the panel consisting of lactate, valine, leucine, methion-
ine, tyrosine, tryptophan, myristic acid, linoleic acid,
glutamine, p-hydroxybutyrate, lysine and citrate;

d. the panel consisting of glutamine, p-hydroxybutyrate,
citrate, lysine, creatinine, lactate, a-glucose, leucine,
acetone, acetoacetate and asparagine; and

e. the panel consisting of lactate, valine, leucine, methion-

ine, carnitine, tyrosine, tryptophan, S5-hydroxytryp-
tophan, myristic acid, linolenic acid and linoleic acid.
. The method of claim 1 wherein the panel comprises:
at least one compound selected from the group consist-
ing of glutamine, valine, leucine, methionine, lysine,
tyrosine, tryptophan, §-hydroxybutyrate, citrate, lysine,
creatinine, lactate, and a-glucose;

b. at least one compound selected from the group consist-
ing of myristic acid, margaric acid; linolenic acid,
linoleic acid and p-hydroxybutyrate; and

c. at least one compound selected from the group consist-
ing of citrate, lactic acid, and a-glucose.

8. The method of claim 1 wherein the panel comprises
biomarkers that have been identified by a plurality of methods
selected from nuclear magnetic resonance (NMR) spectrom-
etry, gas chromatography-mass spectrometry (GC-MS), lig-
uid chromatography-mass spectrometry (LC-MS), correla-
tion spectroscopy (COSy), nuclear Overhauser effect
spectroscopy (NOESY), rotating frame nuclear Overhauser
effect spectroscopy (ROESY), LC-TOF-MS, LC-MS/MS,
and capillary electrophoresis-mass spectrometry.

9. The method of claim 1 wherein the panel comprises
biomarkers that have been identified by nuclear magnetic
resonance (NMR) spectrometry and liquid chromatography-
mass spectrometry (LC-MS).

10. A method for detecting the esophageal cancer status
within a biological sample, comprising:

measuring one or more metabolite species within the
sample by subjecting the sample to a nuclear magnetic
resonance spectrometry analysis, the analysis producing
a spectrum containing individual spectral peaks repre-
sentative of the one or more metabolite species con-
tained within the sample;

identifying the at least one or more metabolite species
contained within the sample; and

correlating the measurement of the one or more metabolite
species with an esophageal cancer status.

11. The method of claim 10, wherein the one or multiple
metabolite species is selected from the group consisting of
leucine, p-hydroxybutyrate, lysine, glutamine, acetone,
acetoacetate, citrate, unknown compound 1 appearing at 2.63
ppm, asparagine, creatinine, lactate, a-glucose, unsaturated
lipids, the following lipid species: C—C—CH2-C—C, CH2-
CO, CH2-C—C, CH2-CH2-C—C, CH2-CH2-CO, the lipo-
proteins VLDL2/LDL2, VLDI/LDLI1; and combinations
thereof.

12. The method of method of claim 10, wherein the sample
comprises a biofluid.

13. The method of claim 12, wherein the biofluid is blood.

NI
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14. A biomarker for detecting esophageal cancer, compris-
ing at least one metabolite species or parts thereof, selected
from the group consisting of leucine, p-hydroxybutyrate,
lysine, glutamine, acetone, acetoacetate, citrate, unknown
compound 1 appearing at 2.63 ppm, asparagine, creatinine,
lactate, a-glucose, unsaturated lipids, glyceryl of lipids,
NMR signals from the following lipid species: C—C—CH2-
C—C, CH2-CO, CH2-C—C, CH2-CH2-C—C, CH2-CH2-
CO, and NMR signals from the following lipoprotein signals:
VLDL2/LDL2, VLDL1/LDL1; and combinations thereof.

15. A panel of biomarkers comprising 2 to 18 compounds
selected from the group consisting of lactic acid, valine, leu-
cine, methionine, carnitine, tyrosine, tryptophan, S-hydrox-
ytryptophan, myristic acid, margaric acid, linolenic acid,
linoleic acid, pyroglutamic acid, glutamine, f-hydroxybu-
tyrate, citrate, lysine, creatinine a.-glucose, proline, histidine,
alanine, glutamate, and mixtures thereof.

16. A kit for the analysis of a sample of a biofluid of a
subject, comprising:

a. aliquots of standards of each compound of a panel of

metabolic biomarkers;

b. an aliquot of an internal standard; and

c. an aliquot of a control biofluid.

17. The kit of claim 16 wherein the biofluid is serum from
a control source that is in the same species as the subject.

18. The kit of claim 16 wherein the internal standard is
selected from the group consisting of trimethylsilylpropionic
acid-d, sodium salt, tridecanoic acid and chlorophenylala-
nine.

19. The kit of claim 16 wherein the panel of metabolic
biomarkers is 2 to 18 compounds selected from the group
consisting of lactic acid, valine, leucine, methionine, car-
nitine, tyrosine, tryptophan, 5-hydroxytryptophan, myristic
acid, margaric acid, linolenic acid, linoleic acid, pyro-
glutamic acid, glutamine, -hydroxybutyrate, citrate, lysine,
creatinine, a-glucose, proline, histidine, alanine, glutamate,
and mixtures thereof.

20. The kit of claim 16 wherein the panel of metabolic
biomarkers is selected from the group consisting of:

a. the panel consisting of glutamine, p-hydroxybutyrate,

citrate, lysine, creatinine, lactate, and a-glucose;

b. the panel consisting of glutamine, f-hydroxybutyrate,
citrate, lysine, creatinine, lactate, a-glucose, leucine,
valine, methionine, carnitine, tyrosine, tryptophan,
5-hydroxytryptophan, myristic acid, margaric acid,
linolenic acid, and linoleic acid;

c. the panel consisting of p-hydroxybutyrate, citrate, crea-
tinine, lactate, and a-glucose;

d. the panel consisting of glutamine, p-hydroxybutyrate,
citrate, lysine, creatinine, lactate, a-glucose, leucine,
acetone, acetoacetate and asparagine;

e. the panel consisting of glutamine, -hydroxybutyrate,
citrate, lysine, creatinine, lactate, c.-glucose, acetoac-
etate and asparagine;

f. the panel consisting of glutamine, lysine, creatinine,
acetoacetate and asparagine;

g. the panel consisting of lysine, lactate, leucine, valine,
methionine, tyrosine, myristic acid, margaric acid, lino-
lenic acid, pyroglutamic acid, proline, histidine, alanine
and glutamate; and

h. the panel consisting of lactate, pyroglutamic acid, and
proline.
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16. The kit of claim 16 wherein the panel of metabolic
biomarkers is selected from the group consisting of:

a. the panel consisting of lactate, valine, leucine, methion-
ine, tyrosine, tryptophan, myristic acid and linoleic acid;

b. the panel consisting of glutamine, p-hydroxybutyrate,
citrate, and lysine;

c. the panel consisting of lactate, valine, leucine, methion-
ine, tyrosine, tryptophan, myristic acid, linoleic acid,
glutamine, p-hydroxybutyrate, lysine and citrate;
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d. the panel consisting of glutamine, p-hydroxybutyrate,
citrate, lysine, creatinine, lactate, a-glucose, leucine,
acetone, acetoacetate and asparagine; and

e. the panel consisting of lactate, valine, leucine, methion-
ine, carnitine, tyrosine, tryptophan, S5-hydroxytryp-
tophan, myristic acid, linolenic acid and linoleic acid.

22. The kit of claim 16 further comprising instructions for

use.



