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(7) ABSTRACT

The present invention relates to methods and compositions
for monitoring, diagnosis, prognosis, and determination of
treatment regimens in subjects in the context of renal artery
stenosis (RAS). In particular, the invention relates to using
assays that detect NGAL, their use to diagnose RAS in sub-
jects suffering from hypertension, and their use in prognosis,
particularly of mortality and worsening renal function.
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METHODS AND COMPOSITIONS FOR
DIAGNOSIS AND PROGNOSIS OF RENAL
ARTERY STENOSIS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is filed pursuant to 35 U.S.C. §371 as a
United States National Phase Application of International
Application No. PCT/US2007/084700, filed Nov. 14, 2007,
which claims benefit under 35 U.S.C. §119(e) of U.S. Appli-
cation No. 60/859,136 filed Nov. 14, 2006, each of which is
incorporated herein by reference in its entirerty.

FIELD OF THE INVENTION

The present invention relates to methods and compositions
for monitoring renal artery stenosis.

BACKGROUND OF THE INVENTION

The following discussion of the background of the inven-
tion is merely provided to aid the reader in understanding the
invention andis not admitted to describe or constitute prior art
to the present invention.

Patients with hypertension have some underlying mecha-
nism that elevates their blood pressure. This hypertension can
be generally separated into one of two classes: essential
hypertension (systemic hypertension of unknown cause); and
secondary hypertension (hypertension that results from an
underlying, identifiable, often correctable cause). Renal
artery stenosis (RAS) is one of the main causes of secondary
systemic arterial hypertension. Depending on the severity of
the disease, the ultimate clinical consequences (hypertension
and renal failure) can lead to mortality at an alarming rate. For
example, the reported cumulative two year survival rate for
patients diagnosed with unilateral renal artery stenosis is
96%, for bilateral stenosis 74%, and for bilateral stenosis with
one or both renal arteries occluded it is 47%. Atherosclerosis
accounts for 90% of cases of RAS, and usually involves the
ostium and the proximal segment of the main renal artery and
the perirenal aorta, with fibromuscular dysplasia accounting
for the majority of the remaining cases.

Atherosclerotic RAS is a common and progressive disease.
Tts prevalence increases with age, particularly in patients who
have diabetes, aortoiliac occlusive disease, coronary artery
disease or hypertension. Available treatments include percu-
taneous transluminal angioplasty, endovascular stent place-
ment or surgical revascularization. Doppler ultrasound, mag-
netic resonance angiography, and computed tomographic
angiography has been used to screen for suspected renovas-
cular disease in patients at risk for RAS.

BRIEF SUMMARY OF THE INVENTION

It is an object of the invention to provide methods and
compositions for diagnosis, prognosis, and determination of
further diagnosis and treatment regimens in subjects suffer-
ing or at risk of suffering from renal artery stenosis. Using an
early marker of renal dysfunction such as NGAL (also known
as neutrophil gelatinase-associated lipocalin, human precur-
sor Swiss-Prot P80188), subjects at risk for poor outcomes
due to previously undiagnosed RAS can be identified, and
subjects previously diagnosed as having RAS can be moni-
tored for early signs of worsening renal function and/or
increased mortality risk. In addition, subjects that could ben-
efit from additional diagnostics, such as Doppler ultrasound,
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magnetic resonance angiography, and computed tomo-

graphic angiography, or therapies such as percutaneous trans-

luminal angioplasty, endovascular stent placement or surgical
revascularization can be readily identified.

In afirst aspect, the present invention relates to methods for
diagnosing renal artery stenosis in a subject suffering from
hypertension. These methods comprise performing an assay
method that configured to detect NGAL (and/or one or more
markers related thereto, as that term is defined herein) on a
body fluid sample obtained from such a subject suffering. The
assay result (referred to herein as an “NGAL assay result,”
which may be expressed in the form of an NGAL concentra-
tion) is compared to a baseline NGAL result, and a diagnosis
of renal artery stenosis is assigned to the subject when the
NGAL assay result is above the baseline. In the alternative, a
diagnosis of renal artery stenosis is ruled out for the subject
when the NGAL assay result is below the baseline.

A variety of methods may be used by the skilled artisan to
arrive at a desired baseline. In certain embodiments, the base-
line NGAL result is determined from a population of subjects
suffering from hypertension, most preferably from renovas-
cular hypertension, and is based on an NGAL result that can
provide an acceptable level of specificity and sensitivity in
separating the population into a “first” subpopulation having
an increased likelihood of renal artery stenosis relative to the
remaining “second” subpopulation. As discussed herein, a
preferred baseline NGAL result separates this first and sec-
ond population by one or more of the following measures of
test accuracy:
an odds ratio of at least about 2 or more or about 0.5 or less,

more preferably at least about 3 or more or about 0.33 or

less, still more preferably at least about 4 or more or about

0.25 or less, even more preferably at least about 5 or more

or about0.2 or less, and most preferably at least about 10 or

more or about 0.1 or less.

at least 75% sensitivity, combined with at least 75% specific-
ity;

a ROC curve area of at least 0.6, more preferably 0.7, still
more preferably at least 0.8, even more preferably at least
0.9, and most preferably at least 0.95; and/or

a positive likelihood ratio (calculated as sensitivity/(1-speci-
ficity)) of at least 5, more preferably at least 10, and most
preferably at least 20; or

a negative likelihood ratio (calculated as (1-sensitivity)/
specificity) of less than orequal to 0.3, more preferably less
than or equal to 0.2, and most preferably less than or equal
to 0.1. The term “about” in this context refers to +/-5% of
a given measurement.

Preferred assay methods comprise performing an immu-
noassay that detects NGAL. Antibodies for use in such assays
will specifically bind NGAL, and may optionally also bind
one or more polypeptides that are “related” thereto, as
described hereinafter with regard to related markers. Such
immunoassays may comprise contacting said body fluid
sample with a solid phase comprising antibody that detects
NGAL, and detecting binding to said antibody, although
assay formats that do not require the use of a solid phase are
known in the art. Preferably, the body fluid sample is selected
from the group consisting of urine, blood, serum, and plasma.

In addition to NGAL assay results, additional variables
may be included in the methods for diagnosing renal artery
stenosis described herein. As described in additional detail
hereinafter, additional diagnostics, such as Doppler ultra-
sound, magnetic resonance angiography, and computed
tomographic angiography, may be performed, and the diag-
nosis can be based on both the NGAL assay result and the
results of these other diagnostics. For example, a diagnosis of
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renal artery stenosis may be assigned to the subject when the

NGAL assay result is above the baseline and when confirmed

by one of these other diagnostic methods.

In another aspect, the present invention relates to methods
for assigning a risk of one or more adverse outcomes, such as
future risk of mortality and/or a future risk of worsening renal
function, to a patient suffering from renal artery stenosis.
These methods comprise performing an assay method that
configured to detect NGAL (and/or one or more markers
related thereto, as that term is defined herein) on a body fluid
sample obtained from such a subject. The assay result (re-
ferred to herein as an “NGAL assay result,” which may be
expressed in the form of an NGAL concentration) is com-
pared to a baseline NGAL result, and an increased risk of one
or more adverse outcomes is assigned to the subject when the
NGAL assay result is above the baseline, relative to a risk
assigned when the NGAL assay result is below the baseline.
In the altemnative, a decreased risk of one or more adverse
outcomes is assigned to the subject when the NGAL assay
result is below the baseline, relative to a risk assigned when
the NGAL assay result is above than the baseline.

As discussed herein, a variety of methods may be used by
the skilled artisan to arrive at a desired baseline. In certain
preferred embodiments, the baseline NGAL result is deter-
mined from an earlier NGAL assay result obtained from the
same subject. Thatis, the change in NGAL concentration may
be observed over time, and an increased NGAL concentration
provides an indication of worsening renal function, an
increased risk of mortality, etc., in the patient.

In alternative embodiments, the baseline NGAL result is
determined from a population of subjects in which outcome
has been followed, and is based on an NGAL result that can
provide an acceptable level of specificity and sensitivity in
separating the population into a “first” subpopulation having
an increased (or decreased) risk of one or more adverse out-
comes relative to the remaining “second” subpopulation. A
preferred baseline NGAL result separates this first and sec-
ond population by one or more of the following measures of
test accuracy:
an odds ratio of at least about 2 or more or about 0.5 or less,

more preferably at least about 3 or more or about 0.33 or

less, still more preferably at least about 4 or more or about

0.25 or less, even more preferably at least about 5 or more

or about 0.2 or less, and most preferably at least about 10 or

more or about 0.1 or less.

at least 75% sensitivity, combined with at least 75% specific-
1ty;

a ROC curve area of at least 0.6, more preferably 0.7, still
more preferably at least 0.8, even more preferably at least
0.9, and most preferably at least 0.95; and/or

a positive likelihood ratio (calculated as sensitivity/(1-speci-
ficity)) of at least 5, more preferably at least 10, and most
preferably at least 20; or

a negative likelihood ratio (calculated as (1-sensitivity)/
specificity) of less than or equal to 0.3, more preferably less
than or equal to 0.2, and most preferably less than or equal
to 0.1. The term “about” in this context refers to +/-5% of
a given measurement.

The present methods preferably assign a “near-term” risk
of one or more adverse outcomes. By “near term” is meant
within 30 days. As described hereinafter, the methods pref-
erably assign a risk of one or more adverse outcomes within
7 days, more preferably within 5 days, and still more prefer-
ably within 3 days.

As is also described above, preferred assay methods com-
prise performing an immunoassay that detects NGAL. Anti-
bodies foruse in such assays can specifically bind NGAL, and
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may optionally also bind one or more polypeptides that are
“related” thereto. Such immunoassays may comprise con-
tacting said body fluid sample with a solid phase comprising
antibody that detects NGAL, and detecting binding to said
antibody, although assay formats that do not require the use of
a solid phase are known in the art. Preferably, the body fluid
sample is selected from the group consisting of urine, blood,
serum, and plasma.

In addition to NGAL assay results, additional variables
may be included in the methods for assigning a mortality risk
in the context of renal dysfunction. As described in additional
detail hereinafter, assays that detect various markers (both
subject-derived and physical characteristics) may be com-
bined, including assays that detect various natriuretic pep-
tides such as BNP, NT-proBNP, and proBNP; markers related
to inflammation such as myeloperoxidase, soluble FLT-1,
C-reactive protein, and placental growth factor; markers
related to cardiac damage such as cardiac troponins and CK-
MB; markers of renal damage such as serum creatinine, crea-
tinine clearance rates, cystatin C, and glomerular filtration
rates; and variables such as urine output levels, age, the pres-
ence or absence of various cardiovascular risk factors such as
diabetes, hypertension, body mass, smoking status, etc. In
these “multiple marker” methods, the patient’s mortality risk
is assigned based both on comparing the NGAL assay result
to the baseline NGAL resultas described above, and on one or
more of these additional variables. In many cases, these addi-
tional variables can be used in a manner analogous to NGAL,
in that baseline results can be established for these markers as
described herein for comparison of a test result measured on
abody fluid sample. In other cases, such as sex, cardiovascu-
lar risk factors, etc., the variables can be dichotomized for
analysis of risk. For example, different NGAL baselines may
be established for different age groups, and/or based on sex of
the subject.

As noted above, the various assays can be performed on the
same or different body fluid samples. For example, NGAL
may be measured in a urine sample and BNP may be mea-
sured in a plasma sample; or NGAL may be measured in a
plasma sample and cystatin C measured in a different plasma
sample.

Instill another aspect, the present invention relates to meth-
ods for assigning a patient to a diagnostic pathway. These
methods comprise performing an assay method that config-
ured to detect NGAL (and/or one or more markers related
thereto, as that term is defined herein) on a body fluid sample
obtained from such a subject. The assay result (referred to
herein as an “NGAL assay result,” which may be expressed in
the form of an NGAL concentration) is compared to a base-
line NGAL result, and a subject is assigned to receive addi-
tional diagnostic tests for identification of renal artery steno-
sis when the NGAL assay result is above the baseline.

In a related aspect, the present invention relates to methods
for assigning a patient to a therapeutic pathway. These meth-
ods comprise performing an assay method that configured to
detect NGAL (and/or one or more markers related thereto, as
that term is defined herein) on a body fluid sample obtained
from such a subject. The assay result (referred to herein as an
“NGAL assay result,” which may be expressed in the form of
an NGAL concentration) is compared to a baseline NGAL
result, and a subject is assigned to receive therapy for renal
artery stenosis when the NGAL assay result is above the
baseline.

As in the previous aspects, a variety of methods may be
used by the skilled artisan to arrive at a desired baseline value.
In certain embodiments, the baseline NGAL result is deter-
mined from a population of subjects suffering from second-
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ary hypertension, and is based on an NGAL result that can

provide an acceptable level of specificity and sensitivity in

separating the population into a “first” subpopulation having
an increased likelihood of renal artery stenosis relative to the
remaining “second” subpopulation.

As discussed herein, a preferred baseline result separates
this first and second population by one or more of the follow-
ing measures of test accuracy:
an odds ratio of at least about 2 or more or about 0.5 or less,

more preferably at least about 3 or more or about 0.33 or

less, still more preferably at least about 4 or more or about

0.25 or less, even more preferably at least about 5 or more

or about 0.2 or less, and most preferably at least about 10 or

more or about 0.1 or less.

at least 75% sensitivity, combined with at least 75% specific-
1ty;

a ROC curve area of at least 0.6, more preferably 0.7, still
more preferably at least 0.8, even more preferably at least
0.9, and most preferably at least 0.95; and/or

a positive likelihood ratio (calculated as sensitivity/(1-speci-
ficity)) of at least 5, more preferably at least 10, and most
preferably at least 20; or

a negative likelihood ratio (calculated as (1-sensitivity)/
specificity) of less than or equal to 0.3, more preferably less
than or equal to 0.2, and most preferably less than or equal
to 0.1. The term “about” in this context refers to +/-5% of
a given measurement.

In the case of assigning a subject to a therapeutic pathway,
additional variables may be included in the methods for
assigning a risk of worsening renal function described herein.
For example, additional diagnostics, such as Doppler ultra-
sound, magnetic resonance angiography, and computed
tomographic angiography, may be performed, and therapy
can be initiated based on both the NGAL assay result and the
results of these other diagnostics. For example, a therapy for
renal artery stenosis may be performed on the subject when
the NGAL assay result is above the baseline and when con-
firmed by one of these other diagnostic methods.

Preferred therapy pathways comprise performing one or
more of percutaneous transluminal angioplasty, endovascular
stent placement or surgical revascularization on the subject.

In various related aspects, the present invention relates to
devices and kits for performing the methods described herein.
Suitable kits comprise reagents sufficient for performing at
least one of the described NGAL assays, together with
instructions for performing the described baseline compari-
sons. In certain embodiments, reagents for performing such
assays are provided in an assay device, and such assay devices
may be included in such a kit. Preferred reagents comprise
one or niore solid phase antibodies, the solid phase antibody
comprising antibody that detects the intended target(s) bound
to a solid support. In the case of sandwich immunoassays,
suich reagents can also include one or more detectably labeled
antibodies, the detectably labeled antibody comprising anti-
body that detects the intended target(s) bound to a detectable
label. Additional optional elements that may be provided as
part of an assay device are described hereinafter.

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to methods and compositions
for diagnosis, prognosis, and determination of treatment regi-
mens in subjects suffering from or at risk of suffering from
renal artery stenosis.

The term “hypertension” refers to blood pressure that is
elevated above normal levels (e.g., a systolic blood pressure
2140 mm Hg and/or a diastolic blood pressure 290 mm Hg)
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or a subject taking antihypertensive medication. Between 85
and 90% of hypertensives have primary hypertension, which
is typically of unknown etiology. A discussion of the numer-
ous factors believed involved in primary hypertension, diag-
nostic methods, treatments, etc., is provided in The Merck
Manual of Diagnosis and Therapy, 177 Ed., Merck & Co.,
Inc., 1999, pages 1629-1648.

In contrast, renovascular hypertension accounts for less
than 2% of all cases of hypertension. The term “renovascular
hypertension” as used herein refers to acute or chronic eleva-
tion of blood pressure caused by complete or partial occlusion
of one or more renal arteries or their branches. This complete
or partial occlusion is referred to herein as “renal artery steno-
sis.” It has been reported that the lumen of the stenotic artery
must be occluded by at least 70% before changes to systemic
blood pressure becomes significant. Thus, the ability to iden-
tify such stenosis at an early stage can improve therapy suc-
cess.

The present invention provides methods and compositions
that may be used to monitor renal artery stenosis in patients at
risk therefrom. Preferably, a patient is identified as being at
risk of renal artery stenosis due to the presence of one or more
risk factors of atherosclerosis (e.g., family history of athero-
sclerosis, obesity, positive smoking status, prior smoking his-
tory, race (blacks at an increased risk as compared to
whites), >40 years of age plus hypertension, dyslipidemia,
diabetes mellitus, etc.). By monitoring NGAL and/or its
related markers, an early indication of renal damage that
signals renal artery stenosis can be obtained.

The term “renal dysfunction” as used herein refers to a
reduced level of kidney function, relative to normal, and is
indicated by a serum or plasma creatinine level 1.4 mg/dL or
greater, a creatinine clearance rate of 60 mL/min/1.73 m? or
less, a serum or plasma cystatin C level of 1 mg/L or greater,
or the presence of chronic kidney disease as defined by the
National Kidney Foundation in “National Kidney Founda-
tion. Kidney Disease Outcome Quality Initiative (K/DOQI)
clinical practice guidelines for chronic kidney disease: evalu-
ation, classification, and stratification,” Am. J. Kidney Dis.
39(Suppl 1):S1-8266, 2002, which is hereby incorporated by
reference in its entirety. Chronic kidney disease includes per-
sistent kidney damage, as reflected by a glomerular filtration
rate (GFR) of less than 60.0 ml/minute/1.73 m* of body-
surface area for more than three months. Included are patients
with end-stage renal disease, as defined by a GFR of less than
10.0 mL/minute/1.73 m*. Because practical limitations exist
in measuring GFR directly, especially in acutely ill patients,
clinical variables may be used to estimate the GFR. See, e.g,,
Levey et al., “A more accurate method to estimate glomerular
filtration rate from serum creatinine: a new prediction equa-
tion,” Ann. Intern. Med. 130: 461-70, 1999, which is hereby
incorporated by reference in its entirety.

Preferred subjects having renal dysfunction are those hav-
ing severe renal dysfunction (defined herein as serum or
plasma creatinine >2.5 mg/dL, serum or plasma cystatin C>2
mg/L, or creatinine clearance rates of <25 ml/minute/1.73
m?), more preferred subjects have moderate renal dysfunc-
tion (defined herein as serum or serum or plasma creatinine of
1.9to0 2.5 mg/dL, serum or plasma cystatin C of2 to 1.5 mg/L,
or creatinine clearance rates of 25-30 mI/minute/1.73 m?),
and most preferred subjects have mild renal dysfunction (de-
fined herein as serum or plasma creatinine of 1.4 to 2.25
mg/dL, serum or plasma cystatin C of 1 to 1.5 mg/L, or
creatinine clearance rates of 30-60 mL/minute/1.73 m®).

The term “risk of worsening renal function” as used herein
refers to assignment of a particular prognosis—a likelihood
that a subject will suffer, most preferably in the short term,



US 8,524,462 B2

7

from deterioration of one or more measures of kidney func-
tion selected from the group consisting of serum or plasma
creatinine levels, creatinine clearance rates, serum or plasma
cystatin C levels, chronic kidney disease stage (as defined by
the National Kidney Foundation in “National Kidney Foun-
dation. Kidney Disease Outcome Quality Initiative
(X/DOQI) clinical practice guidelines for chronic kidney dis-
ease: evaluation, classification, and stratification,” 4m. J. Kid-
ney Dis. 39(Suppl 1): S1-8266, 2002), stage of renal dysfunc-
tion, and glomerular filtration rate, or, in the extreme, will die
(that is, a likelihood of mortality in the subject).

As described herein, the present invention relates in part to
assigning a risk of an adverse outcome (e.g., worsening renal
function ormortality) based, atleast in part, on the result of an
assay that detects NGAL performed on a body fluid sample
obtained from a subject suffering from renal artery stenosis. If
the sample tested is obtained from the subject at a time t, the
phrase “the short term” refers to a 7-day (168 hour) period
measured from time t. Thus, the risk is a likelihood that the
subject will suffer from such an adverse outcome, in a win-
dow beginning at time t and ending 168 hours later. More
preferably, the risk is a likelihood that the subject will suffer
from deterioration of one or more ofthese measures of kidney
function, or will die, in a 96 hour window beginning at time t,
and most preferably the risk is a likelihood that the subject
will suffer from deterioration of one or more of these mea-
sures of kidney function, or a likelihood that the subject will
die, in a window of between 48 and 84 hours beginning at
time t.

The term “deterioration” as used herein refers to a change
in aparameter at a later time, relative to a measure of the same
parameter earlier in the same subject, and is the opposite of
“improvement.” Thus, the terms “deterioration of serum or
plasma creatinine levels” and “deterioration of serum or
plasma cystatin C levels” as used herein refer to an increase in
the creatinine or cystatin C assay result in a sample obtained
from a subject at a time later than time t, relative to that
measured in the subject at time t. Similarly, “deterioration of
creatinine clearance rates” as used herein refers to a later
decrease in creatinine clearance rate for the subject, relative to
that measured at time t. “Deterioration in chronic kidney
disease stage” as used herein refers to a later change to a
higher stage in the subject, relative to that observed at time t.
“Deterioration of stage of renal dysfunction” as used herein
refers to a later change in the subject from mild to moderate or
severe, or a change from moderate to severe, relative to the
stage of renal dysfunction observed at time t. Finally, “dete-
rioration of glomerular filtration rate” as used herein refers to
alater decrease in GFR in the subject, relative to that observed
at time t.

The term “marker” as used herein refers to proteins,
polypeptides, glycoproteins, proteoglycans, lipids, lipopro-
teins, glycolipids, phospholipids, nucleic acids, carbohy-
drates, etc. or small molecules to be used as targets for screen-
ing test samples obtained from subjects. “Proteins or
polypeptides” used as markers in the present invention are
contemplated to include any fragments thereof, in particular,
immunologically detectable fragments. Markers can also
include clinical “scores™ such as a systolic and/or diastolic
blood pressure, pre-test probability assignment, a pulmonary
hypertension “Daniel” score, an NIH stroke score, a Sepsis
Score of Elebute and Stoner, a Duke Criteria for Infective
Endocarditis, a Mannheim Peritonitis Index, an “Apache”
score, etc.

The term “related marker” as used herein refers to one or
more fragments of a particular marker or its biosynthetic
parent that may be detected as a surrogate for the marker itself
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or as independent markers. By way of example, human BNP
is derived by proteolysis of a 108 amino acid precursor mol-
ecule, referred to hereinafter as BNP, ;.. Mature BNP, or
“the BNP natriuretic peptide,” or “BNP-32” is a 32 amino
acid molecule representing amino acids 77-108 of this pre-
cursot, which may be referred to as BNP,_| ;. The remaining
residues 1-76 are referred to hereinafter as BNP, ., and are
also known as “NT-proBNP”” Additionally, related markers
may be the result of covalent modification of the parent
marker, for example by oxidation of methionine residues,
ubiquitination, cysteinylation, nitrosylation (e.g., containing
nitrotyrosine residues), halogenation (e.g., containing chlo-
rotyrosine and/or bromotyrosine residues), glycosylation,
complex formation, differential splicing, etc. Preferred
related markers are “immunologically detectable,” meaning a
fragment of a particular marker or its biosynthetic parent that
comprises at least one epitope (antigenic site on the polypep-
tide to which an antibody binds) that is also present in the
marker or its biosynthetic parent. Preferred immunologically
detectable fragments comprise at least 8 contiguous residues
of the marker or its biosynthetic parent.

While mature BNP itself may be used as a marker in the
present invention, the prepro-BNP, BNP, .. and BNP, .
molecules represent BNP-related markers that may be mea-
sured either as surrogates for mature BNP or as markers in
and of themselves. In addition, one or more fragments of
these molecules may also be present in circulation. Moreover,
assays may intentionally use proteolysis to generate frag-
ments of a marker, which may then be measured. See, e.g.,
Goetze et al., “Quantification of pro-B-type natriuretic pep-
tide and its products in human plasma by use of an analysis
independent of precursor processing,” Clin. Chem. 48: 1035-
42,2002. “Related markers” to NGAL may be identified and
used in an analogous fashion to that described above for BNP.

Because production of marker fragments is an ongoing
process that may be a function of, inter alia, the elapsed time
between onset of an event triggering marker release into the
tissues and the time the sample is obtained or analyzed; the
elapsed time between sample acquisition and the time the
sample is analyzed; the type of tissue sample at issue; the
storage conditions; the quantity of proteolytic enzymes
present; etc., it may be necessary to consider this degradation
when both designing an assay for one or more markers, and
when performing such an assay, in order to provide an accu-
rate prognostic or diagnostic result. In addition, individual
antibodies that distinguish amongst a plurality of marker
fragments may be individually employed to separately detect
the presence or amount of different fragments. The results of
this individual detection may provide a more accurate prog-
nostic or diagnostic result than detecting the plurality of frag-
ments in a single assay. For example, different weighting
factors may be applied to the various fragment measurements
to provide a more accurate estimate of the amount of natri-
uretic peptide originally present in the sample.

Preferred assays are “configured to detect” a particular
marker. That an assay is “configured to detect” a marker
means that an assay can generate a detectable signal indica-
tive of the presence or amount of a physiologically relevant
concentration ofa particular marker of interest. Such an assay
may, but need not, specifically detect a particular marker (i.e.,
detect a marker but not some or all related markers). Because
an antibody epitope is on the order of 8 amino acids, an
immunoassay will detect other polypeptides (e.g., related
markers) so long as the other polypeptides contain the
epitope(s) necessary to bind to the antibody used in the assay.
Such other polypeptides are referred to as being “immuno-
logically detectable” in the assay, and would include various
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isoforms (e.g., splice variants). In the case of a sandwich
immunoassay, related markers must contain at least the two
epitopes bound by the antibody used in the assay inorder to be
detected.

The methods described hereinafter utilize assays that
detect NGAL, and/or its related markers. Such markers are
referred to herein as being “subject-derived.” The term “sub-
ject-derived marker” as used herein refers to protein,
polypeptide, phospholipid, nucleic acid, prion, glycoprotein,
proteoglycan, glycolipid, lipid, lipoprotein, carbohydrate, or
small molecule markers that are expressed or produced by
one or more cells of the subject. Additional markers may be
used that are derived not from the subject, but rather that are
expressed by pathogenic or infectious organisms that are
correlated with a particular disease. Such markers are prefer-
ably protein, polypeptide, phospholipid, nucleic acid, prion,
or small molecule markers that identify the infectious dis-
eases described above. These subject-derived markers are
measured in a test sample, most preferably a body fluid
sample.

The term “test sample” as used herein refers to a sample of
bodily fluid obtained for the purpose of diagnosis, prognosis,
or evaluation of a subject of interest, such as a patient. In
certain embodiments, such a sample may be obtained for the
purpose of determining the outcome of an ongoing condition
or the effect of a treatment regimen on a condition. Preferred
test samples include blood, serum, plasma, cerebrospinal
fluid, urine, saliva, sputum, and pleural effusions. In addition,
one of skill in the art would realize that some test samples
would be more readily analyzed following a fractionation or
purification procedure, for example, separation of whole
blood into serum or plasma components.

Asused herein, a “plurality” as used herein refers to at least
two. Preferably, a plurality refers to at least 3, more preferably
at least 5, even more preferably at least 10, even more pref-
erably at least 15, and most preferably at least 20. In particu-
larly preferred embodiments, a plurality is a large number,
i.e., at least 100.

The term “subject” as used herein refers to a human or
non-human organism. Thus, the methods and compositions
described herein are applicable to both human and veterinary
disease. Further, while a subject is preferably a living organ-
ism, the invention described herein may be used in post-
mortem analysis as well. Preferred subjects are “patients,”
1.e., living humans that are receiving medical care for a dis-
ease or condition. This includes persons with no defined
illness who are being investigated for signs of pathology.

The term “diagnosis” as used herein refers to methods by
which the skilled artisan can estimate and/or determine
whether or not a patient is suffering from a given disease or
condition. The skilled artisan often makes a diagnosis on the
basis of one or more diagnostic indicators, i.e., a marker, the
presence, absence, amount, or change in amount of which is
indicative of the presence, severity, or absence of the condi-
tion. The term “diagnosis™ does not refer to the ability to
determine the presence or absence of a particular disease with
100% accuracy, or even that a given course or outcome is
more likely to occur than not. Instead, the skilled artisan will
understand that the term “diagnosis™ refers to an increased
probability that a certain disease is present in the subject.

Similarly, a prognosis is often determined by examining
one or more “prognostic indicators.” These are markers, the
presence or amount of which in a patient (or a sample
obtained from the patient) signal a probability that a given
course or outcome will occur. For example, when one or more
prognostic indicators reach a sufficiently high level in
samples obtained from such patients, the level may signal that
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the patient is at an increased probability for experiencing
morbidity or mortality in comparison to a similar patient
exhibiting a lower marker level. A level or a change in level of
a prognostic indicator, which in turn is associated with an
increased probability of morbidity or death, is referred to as
being “associated with an increased predisposition to an
adverse outcome” in a patient.

The term “correlating” or “relating” as used herein in ref-
erence to the use of markers, refers to comparing the presence
or amount of the marker(s) in a patient to its presence or
amount in persons known to suffer from, or known to be at
risk of, a given condition; or in persons known to be free of a
given condition. As discussed above, a marker level in a
patient sample can be compared to a level known to be asso-
ciated with a specific diagnosis. The sample’s marker level is
said to have been correlated with a diagnosis; that is, the
skilled artisan can use the marker level to determine whether
the patient suffers from a specific type diagnosis, and respond
accordingly. Alternatively, the sample’s marker level can be
compared to a marker level known to be associated with a
good outcome (e.g., the absence of disease, etc.). In preferred
embodiments, a profile of marker levels are correlated to a
global probability or a particular outcome using ROC curves.

In certain embodiments, the methods described herein
comprise the comparison of an assay result to a correspond-
ing baseline result. The term “baseline result” as used herein
refers to an assay value that is used as a comparison value
(that is, to which a test result is compared). In practical terms,
this means that a marker is measured in a sample from a
subject, and the result is compared to the baseline result. A
value above the baseline indicates a first likelihood of a diag-
nosis or prognosis, and a value below the baseline indicates a
second likelihood of a diagnosis or prognosis.

In certain embodiments, a baseline for NGAL (and/or one
or more markers related thereto) is established, and an NGAL
assay result is established by performing an assay method that
detects NGAL on a sample from a patient suffering from
hypertension. That NGAL result is compared to the NGAL
baseline result, and a value above the baseline indicates an
increased likelihood of renal artery stenosis, relative to a
value below the baseline. Similarly, a value below the base-
line indicates a decreased likelihood of renal artery stenosis,
relative to a value above the baseline. Such a comparison is
said to be “diagnostic” of renal artery stenosis.

In other embodiments, a baseline for NGAL (and/or one or
more markers related thereto) is established, and an NGAL
assay resultis established by performing an assay method that
detects NGAL on a sample from a patient diagnosed as hav-
ing renal artery stenosis. That NGAL resultis compared to the
NGAL baseline result, and a value above the baseline indi-
cates an increased risk of an adverse outcome, relative to risk
assigned to a value below the baseline. Similarly, a value
below the baseline indicates a decreased risk of an adverse
outcome, relative to a value above the baseline. Preferred
methods predict a risk of worsening renal function and/or
death. Such a comparison is said to be “prognostic” of poten-
tial outcomes of renal artery stenosis

In yet other embodiments, a baseline for NGAL (and/or
one or more markers related thereto) is established, and an
NGAL assay result is established by performing an assay
method that detects NGAL on a sample from a patient, pref-
erably selected for being at risk of renal artery stenosis or for
suffering from hypertension. That NGAL result is compared
to the NGAL baseline result, and a value above the baseline
indicates that the patient should be sent for further evaluation
of renal artery stenosis, for example by performing imaging
studies known in the art.
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In still other embodiments, a baseline for NGAL (and/or
one or more markers related thereto) is established, and an
NGAL assay result is established by performing an assay
method that detects NGAL on a sample from a patient. That
NGAL result is compared to the NGAL baseline result, and a
value above the baseline indicates that the patient should be
sent for therapy for renal artery stenosis.

A baseline can be selected in a number of manners well
known to those of skill in the art. For example, data for a
marker or markers (e.g., concentration in a body fluid, such as
urine, blood, serum, or plasma) may be obtained from a
population of subjects. The population of subjects is divided
into at least two subpopulations. The first subpopulation
includes those subjects who have been confirmed as having a
disease, outcome, or, more generally, being in a first condition
state. For example, this first subpopulation of patients may be
those diagnosed with hypertension, and that are diagnosed
with renal artery stenosis as a cause of that hypertension. For
convenience, subjects in this first subpopulation will be
referred to as “diseased,” although in fact, this subpopulation
is actually selected for the presence of a particular character-
istic of interest. The second subpopulation of subjects is
formed from the subjects that do not fall within the first
subpopulation, for example, those diagnosed with hyperten-
sion, and for whom renal artery stenosis has been ruled out as
a cause of that hypertension. Subjects in this second set will
hereinafter be referred to as “non-diseased.”

Inanother example, this first subpopulation of patients may
be those diagnosed with renal artery stenosis, and that subse-
quently experience an adverse outcome of their renovascular
disease. The second subpopulation of subjects is formed from
the subjects that do not fall within the first subpopulation, for
example, diagnosed with renal artery stenosis, and that sub-
sequently do not experience the adverse outcome under study.

A baseline result may then be selected to distinguish
between the diseased and non-diseased subpopulation with
an acceptable specificity and sensitivity. Changing the base-
line merely trades off between the number of false positives
and the number of false negatives resulting from the use of the
particular marker under study. The effectiveness of a test
having such an overlap is often expressed using a ROC (Re-
ceiver Operating Characteristic) curve. ROC curves are well
known to those skilled in the art. The horizontal axis of the
ROC curve represents (1-specificity), which increases with
the rate of false positives. The vertical axis of the curve
represents sensitivity, which increases with the rate of true
positives. Thus, for a particular cutoff selected, the value of
(1-specificity) may be determined, and a corresponding sen-
sitivity may be obtained. The area under the ROC curve is a
measure of the probability that the measured marker level will
allow correct identification of a disease or condition. Thus,
the area under the ROC curve can be used to determine the
effectiveness of the test.

In an alternative, an individual subject may provide their
own baseline, in that a temporal change is used to indicate a
particular diagnosis or prognosis. For example, one or more
markers may be determined at an initial time to provide one or
more baseline results, and then again at a later time, and the
change (or lack thereof) in the marker level(s) over time
determined. In such embodiments, an increase in the marker
from the initial time to the second time may be indicative of a
particular prognosis, of a particular diagnosis, etc. Likewise,
a decrease in the marker from the initial time to the second
time may be indicative of a particular prognosis, of a particu-
lar diagnosis, etc. In such an embodiment, a plurality of
markers need not change in concert with one another. Tem-
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poral changes in one or more markers may also be used
together with single time point marker levels compared to a
population-based baseline.

As discussed herein, the measurement of the level of a
single marker such as NGAL may be augmented by addi-
tional markers. For example, other markers related to blood
pressure regulation, including other natriuretic peptides and/
or their related markers may be used together with, or sepa-
rately from, BNP and/or its related markers. Suitable assays
include, but are not limited to, assays that detect ANP,
proANP, NT-proANP, CNP, Kininogen, CGRP II, urotensin
11, BNP, NT-proBNP, proBNP, calcitonin gene related pep-
tide, arg-Vasopressin, Endothelin-1 (and/or Big ET-1),
Endothelin-2 (and/or Big ET-2), Endothelin-3 (and/or Big
ET-3), procalcitonin, calcyphosine, adrenomedullin, aldos-
terone, angiotensin 1 (and/or angiotensinogen 1), angiotensin
2 (and/or angiotensinogen 2), angiotensin 3 (and/or angio-
tensinogen 3), Bradykinin, Tachykinin-3, calcitonin, Renin,
Urodilatin, and Ghrelin, and/or one or more markers related
thereto. Preferred assays detect marker(s) selected from the
group consisting of BNP, NT-proBNP, and proBNP.

Other markers of renal function may also be used in the
methods described herein. These include serum creatinine
levels, creatinine clearance rates, cystatin C levels, and glom-
erular filtration rates.

In addition, subjects suffering from renovascular are often
atincreased risk for cardiovascular diseases, including poten-
tially fatal arrhythmias and acute coronary syndromes. Thus,
various subject-derived markers of cardiovascular risk may
be included together with NGAL (and/or its related markers).
Suitable subject-derived markers include markers related to
myocardial injury, markers related to coagulation and hemo-
stasis, and markers related to inflammation. In addition,
because of injury to pulmonary tissues occurring in heart
failure, various markers related to pulmonary injury may also
be included. Exemplary subject-derived markers are pro-
vided in the following table:

Marker Classification

Neutrophil elastase Pulmonary injury

KL-6 Pulmonary injury

LAMP 3 Pulmonary injury

LAMP3 Pulmonary injury

Lung Surfactant protein A Pulmonary injury

Lung Surfactant protein B Pulmonary injury

Lung Surfactant protein C Pulmonary injury

Lung Surfactant protein D Pulmonary injury
phospholipase D Pulmonary injury

PLA2GS Pulmonary injury

SFTPC Pulmonary injury
Myoglobin Tissue injury

E-selectin Tissue injury

VEGF Tissue injury

EG-VEGF Tissue injury

Troponin I and complexes Myocardial injury
Troponin T and complexes Myocardial injury

Annexin V Myocardial injury
B-enolase Myocardial injury

CK-MB Myocardial injury
Glycogen phosphorylase-BB Myocardial injury

Heart type fatty acid binding protein Myocardial injury
Phosphoglyceric acid mutase Myocardial injury

S-100a0 Myocardial injury

Plasmin Coagulation and hemostasis
Thrombin Coagulation and hemostasis
Antithrombin-IIT Coagulation and hemostasis
Fibrinogen Coagulation and hemostasis
von Willebrand factor Coagulation and hemostasis
D-dimer Coagulation and hemostasis
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-continued -continued

Marker Classification Marker Classification
PAL-1 Coagulation and hemostasis Vascular endothelial growth factor Inflammatory
Protein C Coagulation and hemostasis 5 cystatin C Inflammatory
Soluble Endothelial Protein C Receptor Coagulation and hemostasis substance P Inflammatory
(EPCR) Myeloperoxidase (MPO) Inflammatory
TAFI Coagulation and hemostasis macrophage inhibitory factor Inflammatory
Fibrinopeptide A Coagulation and hemostasis Fibronectin Inflammatory
Plasmin alpha 2 antiplasmin complex Coagulation and hemostasis cardiotrophin 1 Inflammatory
Platelet factor 4 Coagulation and hemostasis 10 Haptoglobin Inflammatory
Platelet-derived growth factor Coagulation and hemostasis PAPPA Inflammatory
P-gelectin Coagulation and hemostasis s-CD40 ligand Inflammatory
Prothrombin fragment 1 + 2 Coagulation and hemostasis HMG-1 (or HMGB1) Inflammatory
B-thromboglobulin Coagulation and hemostasis 1L-2 Inflammatory
Thrombin antithrombin III complex Coagulation and hemostasis 1L-4 Inflammatory
Thrombomodulin Coagulation and hemostasis 15 IL-11 Inflammatory
Thrombus Precursor Protein Coagulation and hemostasis IL-13 Inflammatory
Tissue factor Coagulation and hemostasis IL-18 Inflammatory
Tissue factor pathway inhibitor-a Coagulation and hemostasis Eosinophil cationic protein Inflammatory
Tissue factor pathway inhibitor-f Coagulation and hemostasis Mast cell tryptase Inflammatory
APRIL (TNF ligand superfamily member 13) Inflammatory VCAM Inflammatory
CD27 (TNFRSF7) Inflammatory SICAM-1 Inflammatory
Complement C3a Inflammatory 20 INFa Inflammatory
CCL-5 (RANTES) Inflammatory Osteoprotegerin Inflammatory
CCL-8 (MCP-2) Inflammatory Prostaglandin D-synthase Inflammatory
CCL-16 Inflammatory Prostaglandin E2 Inflammatory
CCL-19 (macrophage inflammatory Inflammatory RANK ligand Inflammatory
protein-3f) RANK (TNFRSF11A) Inflammatory
CCL-20 (MIP-3a) Inflammatory 25 HSP-60 Inflammatory
CCL-23 (MIP-3) Inflammatory Serum Amyloid A Inflammatory
CXCL-3 (small inducible cytokine B5) Inflammatory s-iL, 18 receptor Inflammatory
CXCL-9 (small inducible cytokine B9) Inflammatory S-iL-1 receptor Inflammatory
CXCL-13 {small inducible cytokine B13) Inflammatory s-TNFR1 (P53) Inflammatory
CXCL-16 {small inducible cytokine B16) Inflammatory s-TNFR2 (P75) Inflammatory
DPP-1I (dipeptidyl peptidase IT) Inflammatory 30 STLR-1 (soluble toll-like receptor-1) Inflammatory
DPP-1V (dipeptidyl peptidase IV) Inflammatory sTLR-2 Inflammatory
Glutathione S Transferase Inflammatory sTLR-4 Inflammatory
HIF 1 ALPHA Inflammatory TGF-beta Inflammatory
1L-25 Inflammatory MMP-11 Inflammatory
1L-23 Inflammatory Beta NGF Inflammatory
1L-22 Inflammatory 35 CD44 Inflammatory
IL-18 Inflammatory EGF Inflammatory
IL-13 Inflammatory E-selectin Inflammatory
IL-12 Inflammatory Fibronectin Inflammatory
IL-10 Inflammatory RAGE Inflammatory
IL-1-Beta Inflammatory
IL-1ra Inflammatory
IL-4 Inflammatory 40" Various clinical variables may also be utilized as variables
IL-6 Inflammatory in the methods described herein. Examples of such variables
1L-8 Inflammatory . .
Lysophosphatidic acid Inflammatory include urine output levels, age, the presence or absence of
MDA-modified LDL Inflammatory one or more cardiovascular risk factors such as diabetes,
Human neutrophil elastase Inflammatory hypertension, smoking status, etc. This list is not meant to be
C-reactive protein Inflammatory 45 U
Insulin-like growth factor Inflammatory hmltmg.
Inducible nitric oxide synthase Inflammatory Suitable methods for combining markers into a single com-
Intracellular adhesion molecule Inflammatory posite value that may be used as if it is a single marker are
;‘fg;tf dehydrogenase inﬁammmw described in detail in U.S. Provisional Patent Application No.

- nflammatory
MMP-1 Inflammatory 50 00/436,392 filed Dec. 24, 2002, PCT application US03/
MMP-2 Inflammatory 41426 filed Dec. 23, 2003, U.S. patent application Ser. No.
MMP-3 Inflammatory 10/331,127 filed Dec. 27, 2002, and PCT application No.
MMP-7 Inflammatory
MMP-9 Inflammatory US03/41453, each of which is hereby incorporated by refer-
TIMP-1 Inflammatory ence in its entirety, including all tables, figures, and claims. In
TIMP-2 Inflammatory 55 an alternative, NGAL assay results, natriuretic peptide assay
TIMP-3 Inflammatory . .
NGAL Inflammatory results, and other optional test results may be used in an
n-acetyl aspartate Inflammatory “n-of-m” type of approach. Using a two marker example of
PTEN Inflammatory such methods, when either marker above its corresponding
Phospholipase A2 , Inflammatory baseline value may signal an increased risk of an adverse
TNF Receptor Superfamily Member 1A Inflammatory R R .
TNFRSF3 (lymphotoxin  receptor) Inflammatory 60 outcome, Or a worsening in cardiorenal syndrome status (in
Transforming growth factor beta Inflammatory n-of-m terms, this is a “1-0f-2" result). If both are above the
TREM-1 Inflammatory corresponding baselines (a “2-0f-2” result), an even greater
TREM-1sv Inflammatory worsening in cardiorenal syndrome status may be indicated.
TL-1 (TNF ligand related molecule-1) Inflammatory e - Th . . 4 ,
TL-la Inflammatory The sensitivity and specificity of a diagnostic and/or prog-
Tumor necrosis factor alpha Inflammatory 65 nostic test depends on more than just the analytical “quality”
Vascular cell adhesion molecule Inflammatory of the test—they also depend on the definition of what con-

stitutes an abnormal result. In practice, Receiver Operating
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Characteristic curves, or “ROC” curves, are typically calcu-
lated by plotting the value of a variable versus its relative
frequency in “normal” and “disease” populations. For any
particular marker, a distribution of marker levels for subjects
with and without a “disease” will likely overlap. Under such
conditions, a test does notabsolutely distinguish normal from
disease with 100% accuracy, and the area of overlap indicates
where the test cannot distinguish normal from disease. A
threshold is selected, above which (or below which, depend-
ing on how a marker changes with the disease) the test is
considered to be abnormal and below which the test is con-
sidered to be normal. The area under the ROC curve is a
measure of the probability that the perceived measurement
will allow correct identification of a condition. ROC curves
can be used even when test results don’t necessarily give an
accurate number. As long as one can rank results, one can
create an ROC curve. For example, results of a test on “dis-
ease” samples might be ranked according to degree (say
1=low, 2=normal, and 3=high). This ranking can be corre-
lated to results in the “normal” population, and a ROC curve
created. These methods are well known in the art. See, e.g.,
Hanley et al., Radiology 143: 29-36 (1982).

Measures of test accuracy may also be obtained as
described in Fischer et al., Intensive Care Med. 29: 1043-51,
2003, and used to determine the effectiveness of a given
marker or panel of markers. These measures include sensi-
tivity and specificity, predictive values, likelihood ratios,
diagnostic odds ratios, and ROC curve areas. As discussed
above, preferred tests and assays exhibit one or more of the
following results on these various measures.

Preferably, a baseline is chosen to exhibit at least about
70% sensitivity, more preferably at least about 80% sensitiv-
ity, even more preferably at least about 85% sensitivity, still
more preferably at least about 90% sensitivity, and most
preferably at least about 95% sensitivity, combined with at
least about 70% specificity, more preferably at least about
80% specificity, even more preferably at least about 85%
specificity, still more preferably at least about 90% specific-
ity, and most preferably at least about 95% specificity. In
particularly preferred embodiments, both the sensitivity and
specificity are at least about 75%, more preferably at least
about 80%, even more preferably at least about 85%, still
more preferably at least about 90%, and most preferably at
least about 95%. The term “about” in this context refers to
+/-5% of a given measurement.

In other embodiments, a positive likelihood ratio, negative
likelihood ratio, odds ratio, or hazard ratio is used as a mea-
sure of a test’s ability to predict risk or diagnose a disease. In
the case of a positive likelihood ratio, a value of 1 indicates
that a positive result is equally likely among subjects in both
the “diseased” and “control” groups; a value greater than 1
indicates that a positive result is more likely in the diseased
group; and a value less than 1 indicates that a positive result is
more likely in the control group. In the case of a negative
likelihood ratio, a value of 1 indicates that a negative result is
equally likely among subjects in both the “diseased” and
“control” groups; a value greater than 1 indicates that a nega-
tive result is more likely in the test group; and a value less than
1 indicates that a negative result is more likely in the control
group. In certain preferred embodiments, markers and/or
marker panels are preferably selected to exhibit a positive or
negative likelihood ratio of at least about 1.5 or more or about
0.67 or less, more preferably at least about 2 or more or about
0.5 or less, still more preferably at least about 5 or more or
about 0.2 or less, even more preferably at least about 10 or
more or about 0.1 or less, and most preferably at least about
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20 or more or about 0.05 or less. The term “about” in this
context refers to +/-5% of a given measurement.

In the case of an odds ratio, a value of 1 indicates that a
positive result is equally likely among subjects in both the
“diseased” and “control” groups; a value greater than 1 indi-
cates that a positive result is more likely in the diseased group;
and a value less than 1 indicates that a positive result is more
likely in the control group. In certain preferred embodiments,
markers and/or marker panels are preferably selected to
exhibit an odds ratio ofat least about 2 or more or about 0.5 or
less, more preferably at least about 3 or more or about 0.33 or
less, still more preferably at least about 4 or more or about
0.25 or less, even more preferably at least about 5 or more or
about 0.2 or less, and most preferably at least about 10 or
more or about 0.1 or less. The term “about” in this context
refers to +/-5% of a given measurement.

In the case of a hazard ratio, a value of 1 indicates that the
relative risk of an endpoint (e.g., death) is equal in both the
“diseased” and “control” groups; a value greater than 1 indi-
cates that the risk is greater in the diseased group; and a value
less than 1 indicates that the risk is greater in the control
group. In certain preferred embodiments, markers and/or
marker panels are preferably selected to exhibit a hazard ratio
of at least about 1.1 or more or about 0.91 or less, more
preferably at least about 1.25 or more or about 0.8 or less, still
more preferably at least about 1.5 or more or about 0.67 or
less, even more preferably at least about 2 or more or about
0.5 or less, and most preferably at least about 2.5 or more or
about 0.4 or less. The term “about” in this context refers to
+/-5% of a given measurement.

Numerous methods and devices are well known to the
skilled artisan for the detection and analysis of the markers of
the instant invention. With regard to polypeptides or proteins
in patient test samples, immunoassay devices and methods
are often used. See, e.g., U.S. Pat. Nos. 6,143,576; 6,113,855,
6,019,944; 5,985,579; 5,947.124; 5,939,272; 5,922,615;
5,885,527, 5,851,776; 5,824,799, 5,679,526; 5,525,524; and
5,480,792, each of which is hereby incorporated by reference
in its entirety, including all tables, figures and claims. These
devices and methods can utilize labeled molecules in various
sandwich, competitive, or non-competitive assay formats, to
generate a signal that is related to the presence or amount of
an analyte of interest. Additionally, certain methods and
devices, such as biosensors and optical immunoassays, may
be employed to determine the presence or amount of analytes
without the need for a labeled molecule. See, e.g., U.S. Pat.
Nos. 5,631,171; and 5,955,377, each of which is hereby
incorporated by reference in its entirety, including all tables,
figures and claims. One skilled in the art also recognizes that
robotic instrumentation including but not limited to Beckman
Access, Abbott AxSym, Roche ElecSys, Dade Behring Stra-
tus systems are among the immunoassay analyzers that are
capable of performing the immunoassays taught herein.

Preferably the markers are analyzed using an immunoas-
say, and most preferably sandwich immunoassay, although
other methods are well known to those skilled in the art (for
example, the measurement of marker RNA levels). The pres-
ence or amount of a marker is generally determined using
antibodies specific for each marker and detecting specific
binding. Any suitable immunoassay may be utilized, for
example, enzyme-linked immunoassays (ELISA), radioim-
munoassays (R1As), competitive binding assays, and the like.
Specific immunological binding of the antibody to the marker
can be detected directly or indirectly. Biological assays such
as immunoassays require methods for detection, and one of
the most common methods for quantitation of results is to
conjugate an enzyme, fluorophore or other molecule to form
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an antibody-label conjugate. Detectable labels may include
molecules that are themselves detectable (e.g., fluorescent
moieties, electrochemical labels, metal chelates, etc.) as well
as molecules that may be indirectly detected by production of
a detectable reaction product (e.g., enzymes such as horse-
radish peroxidase, alkaline phosphatase, etc.) or by a specific
binding molecule which itself may be detectable (e.g., biotin,
digoxigenin, maltose, oligohistidine, 2,4-dinitrobenzene,
phenylarsenate, ssDNA, dsDNA, etc.). Particularly preferred
detectable labels are fluorescent latex particles such as those
described in U.S. Pat. Nos. 5,763,189, 6,238,931, and 6,251,
687; and International Publication W095/08772, each of
which is hereby incorporated by reference in its entirety.
Exemplary conjugation to such particles is described herein-
after. Direct labels include fluorescent or luminescent tags,
metals, dyes, radionuclides, and the like, attached to the anti-
body. Indirect labels include various enzymes well known in
the art, such as alkaline phosphatase, horseradish peroxidase
and the like.

The use of immobilized antibodies specific for the markers
is also contemplated by the present invention. The term “solid
phase” as used herein refers to a wide variety of materials
including solids, semi-solids, gels, films, membranes,
meshes, felts, composites, particles, papers and the like typi-
cally used by those of skill in the art to sequester molecules.
The solid phase can be non-porous or porous. Suitable solid
phases include those developed and/or used as solid phases in
solid phase binding assays. See, e.g., chapter 9 of Immunoas-
say, E. P. Dianiandis and T. K. Christopoulos eds., Academic
Press: New York, 1996, hereby incorporated by reference.
Examples of suitable solid phases include membrane filters,
cellulose-based papers, beads (including polymeric, latex and
paramagnetic particles), glass, silicon wafers, microparticles,
nanoparticles, TentaGels, AgroGels, PEGA gels, SPOCC
gels, and multiple-well plates. See, e.g., Leon et al., Bioorg.
Med. Chem. Lett. 8:2997, 1998; Kessleretal., Agnew. Chem.
Int. Ed. 40: 165, 2001; Smith et al., J. Comb. Med. 1: 326,
1999; Orain et al., Tetrahedron Lett. 42: 515,2001; Papanikos
etal.,J. Am. Chem. Soc. 123: 2176, 2001; Gottschling et al.,
Bioorg. Med. Chem. Lett. 11: 2997, 2001. The antibodies
could be immobilized onto a variety of solid supports, such as
magnetic or chromatographic matrix particles, the surface of
an assay place (such as microtiter wells), pieces of a solid
substrate material or membrane (such as plastic, nylon,
paper), and the like. An assay strip could be prepared by
coating the antibody or a plurality of antibodies in an array on
solid support. This strip could then be dipped into the test
sample and then processed quickly through washes and
detection steps to generate a measurable signal, such as a
colored spot. When multiple assays are being performed, a
plurality of separately addressable locations, each corre-
sponding to a different marker and comprising antibodies that
bind the appropriate marker, can be provided on a single solid
support. The term “discrete” as used herein refers to areas of
a surface that are non-contiguous. That is, two areas are
discrete from one another if a border that is not part of either
area completely surrounds each of the two areas. The term
“independently addressable” as used herein refers to discrete
areas of a surface from which a specific signal may be
obtained.

For separate or sequential assay of markers, suitable appa-
ratuses include clinical laboratory analyzers such as the Elec-
Sys (Roche), the AxSym (Abbott), the Access (Beckman), the
ADVIA® CENTAUR® (Bayer) immunoassay systems, the
NICHOLS ADVANTAGE® (Nichols Institute) immunoas-
say system, etc. Preferred apparatuses perform simultaneous
assays of a plurality of markers using a single test device.
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Particularly useful physical formats comprise surfaces hav-
ing a plurality of discrete, addressable locations for the detec-
tion of a plurality of different analytes. Such formats include
protein microarrays, or “protein chips” (see, e.g., Ng and Ilag,
I. Cell Mol. Med. 6: 329-340 (2002)) and certain capillary
devices (see, e.g., U.S. Pat. No. 6,019,944). In these embodi-
ments, each discrete surface location may comprise antibod-
ies to immobilize one or more analyte(s) (e.g., a marker) for
detection at each location. Surfaces may alternatively com-
prise one or more discrete particles (e.g., microparticles or
nanoparticles) immobilized at discrete locations of a surface,
where the microparticles comprise antibodies to immobilize
one analyte (e.g., a marker) for detection.

Preferred assay devices of the present invention will com-
prise, for one or more assays, a first antibody conjugated to a
solid phase and a second antibody conjugated to a signal
development element. Such assay devices are configured to
perform a sandwich immunoassay for one or more analytes.
These assay devices will preferably further comprise a
sample application zone, and a flow path from the sample
application zone to a second device region comprising the
first antibody conjugated to a solid phase.

Flow of a sample in an assay device along the flow path
may be driven passively (e.g., by capillary, hydrostatic, or
other forces that do not require further manipulation of the
device once sample is applied), actively (e.g., by application
of force generated via mechanical pumps, electroosmotic
pumps, centrifugal force, increased air pressure, etc.), orby a
combination of active and passive driving forces. Most pref-
erably, sample applied to the sample application zone will
contact both a first antibody conjugated to a solid phase and a
second antibody conjugated to a signal development element
along the flow path (sandwich assay format). Additional ele-
ments, such as filters to separate plasma or serum from blood,
mixing chambers, etc., may be included as required by the
artisan. Exemplary devices are described in Chapter 41,
entitled “Near Patient Tests: Triage® Cardiac System,” in The
Immunoassay Handbook, 2" ed., David Wild, ed., Nature
Publishing Group, 2001, which is hereby incorporated by
reference in its entirety.

The analysis of markers could be carried out in a variety of
physical formats as well. For example, the use of microtiter
plates or automation could be used to facilitate the processing
of large numbers of test samples. Alternatively, single sample
formats could be developed to facilitate immediate treatment
and diagnosis in a timely fashion, for example, in ambulatory
transport or emergency room settings.

In another embodiment, the present invention provides a
kit for the analysis of markers. Such a kit preferably com-
prises devises and reagents for the analysis of at least one test
sample and instructions for performing the assay(s) of inter-
est. Optionally the kits may contain one or more means for
using information obtained from immunoassays performed
for a marker panel to rule in or out certain diagnoses or
prognoses. Other measurement strategies applicable to the
methods described herein include chromatography (e.g.,
HPLC), mass spectrometry, receptor-based assays, and com-
binations of the foregoing.

The term “antibody” as used herein refers to a peptide or
polypeptide derived from, modeled after or substantially
encoded by an immunoglobulin gene or immunoglobulin
genes, or fragments thereof, capable of specifically binding
anantigen or epitope. See, e.g. Fundamental Immunology, 3¢
Edition, W. E. Paul, ed., Raven Press, N.Y. (1993); Wilson
(1994) J. Immunol. Methods 175:267-273; Yarmush (1992) J.
Biochem. Biophys. Methods 25:85-97. The term antibody
includes antigen-binding portions, i.e., “antigen binding
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sites,” (e.g., fragments, subsequences, complementarity
determining regions (CDRs)) that retain capacity to bind
antigen, including (i) a Fab fragment, a monovalent fragment
consisting of the VL, VH, CL and CH1 domains; (ii) a F(ab')2
fragment, a bivalent fragment comprising two Fab fragments
linked by a disulfide bridge at the hinge region; (iii) a Fd
fragment consisting of the VH and CHI domains; (iv) a Fv
fragment consisting of the VL and VH domains of a single
arm of an antibody, (v) a dAb fragment (Ward et al., (1989)
Nature 341:544-546), which consists of a VH domain; and
(vi) an isolated complementarity determining region (CDR).
Single chain antibodies are also included by reference in the
term “antibody.”

Preferably, an antibody is selected that specifically binds a
marker of interest. The term “specifically binds™ is not
intended to indicate that an antibody binds exclusively to its
intended target. Rather, an antibody “specifically binds” if its
affinity for its intended target is about 5-fold greater when
compared to its affinity for a non-target molecule. Preferably
the affinity of the antibody will be at least about 5 fold,
preferably 10 fold, more preferably 25-fold, even more pref-
erably 50-fold, and most preferably 100-fold or more, greater
for a target molecule than its affinity for a non-target mol-
ecule. In preferred embodiments, Specific binding between
an antibody or other binding agent and an antigen means a
binding affinity of at least 10° M~". Preferred antibodies bind
with affinities of at least about 10™* M™, and preferably
between about 10® M~* to about 10° M, about 10° M~* to
about 10'° M™!, or about 10'° M~" to about 10~ M~".

Affinity is calculated as K 7k ,/k ,, (k,,is the dissociation
rate constant, k , is the association rate constant and K, is the
equilibrium constant. Affinity can be determined at equilib-
rium by measuring the fraction bound (r) of labeled ligand at
various concentrations (c). The data are graphed using the
Scatchard equation: r/c=K(n-r):

where

r=moles of bound ligand/mole of receptor at equilibrium;

c=free ligand concentration at equilibrium;

K=equilibrium association constant; and

n=number of ligand binding sites per receptor molecule
By graphical analysis, r/c is plotted on the Y-axis versus r on
the X-axis thus producing a Scatchard plot. The affinity is the
negative slope of the line. k,ycan be determined by compet-
ing bound labeled ligand with unlabeled excess ligand (see,
e.g., U.S. Pat.No. 6,316,409). The affinity of a targeting agent
for its target molecule is preferably at least about 1x107°
moles/liter, is more preferably at least about 1x10~" moles/
liter, is even more preferably at least about 1x10~® moles/liter,
is yet even more preferably at least about 1x10~° moles/liter,
and is most preferably at least about 1x107*° moles/liter.
Antibody affinity measurement by Scatchard analysis is well
known in the art. See, e.g., van Erp et al., J. Immunoassay 12:
425-43, 1991; Nelson and Griswold, Comput. Methods Pro-
grams Biomed. 27: 65-8, 1988.

The generation and selection of antibodies may be accom-
plished several ways. For example, one way is to purify
polypeptides of interest or to synthesize the polypeptides of
interest using, e.g., solid phase peptide synthesis methods
well known in the art. See, e.g., Guide to Protein Purification,
Murray P. Deutcher, ed., Meth. Enzymol. Vol 182 (1990);
Solid Phase Peptide Synthesis, Greg B. Fields ed., Meth.
Enzymol. Vol 289 (1997); Kiso et al., Chem. Pharm. Bull.
(Tokyo) 38: 1192-99, 1990; Mostafavi et al., Biomed. Pept.
Proteins Nucleic Acids 1: 255-60, 1995; Fujiwara et al.,
Chem. Pharm. Bull. (Tokyo) 44: 1326-31, 1996. The selected
polypeptides may then be injected, for example, into mice or
rabbits, to generate polyclonal or monoclonal antibodies. One
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skilled in the art will recognize that many procedures are
available for the production of antibodies, for example, as
described in Antibodies, A Laboratory Manual, Ed Harlow
and David Lane, Cold Spring Harbor Laboratory (1988),
Cold Spring Harbor, N.Y. One skilled in the art will also
appreciate that binding fragments or Fab fragments which
mimic antibodies can also be prepared from genetic informa-
tion by various procedures (Antibody Engineering: A Practi-
cal Approach (Borrebaeck, C., ed.), 1995, Oxford University
Press, Oxford; J. Immunol. 149,3914-3920 (1992)).

Inaddition, numerous publications have reported the use of
phage display technology to produce and screen libraries of
polypeptides for binding to a selected target. See, e.g., Cwirla
et al., Proc. Natl. Acad. Sci. USA 87, 6378-82, 1990; Devlin
et al., Science 249, 404-6, 1990, Scott and Smith, Science
249, 386-88, 1990; and Ladner etal., U.S. Pat. No. 5,571,698.
A basic concept of phage display methods is the establish-
ment of a physical association between DNA encoding a
polypeptide to be screened and the polypeptide. This physical
association is provided by the phage particle, which displays
a polypeptide as part of a capsid enclosing the phage genome
which encodes the polypeptide. The establishment of a physi-
cal association between polypeptides and their genetic mate-
rial allows simultaneous mass screening of very large num-
bers of phage bearing different polypeptides. Phage
displaying a polypeptide with affinity to a target bind to the
target and these phage are enriched by affinity screening to the
target. The identity of polypeptides displayed from these
phage can be determined from their respective genomes.
Using these methods a polypeptide identified as having a
binding affinity for a desired target can then be synthesized in
bulk by conventional means. See, e.g., U.S. Pat. No. 6,057,
098, which is hereby incorporated in its entirety, including all
tables, figures, and claims.

The antibodies that are generated by these methods may
then be selected by first screening for affinity and specificity
with the purified polypeptide of interest and, if required,
comparing the results to the affinity and specificity of the
antibodies with polypeptides that are desired to be excluded
from binding. The screening procedure can involve immobi-
lization of the purified polypeptides in separate wells of
microtiter plates. The solution containing a potential antibody
or groups of antibodies is then placed into the respective
microtiter wells and incubated for about 30 min to 2 h. The
microtiter wells are then washed and a labeled secondary
antibody (for example, an anti-mouse antibody conjugated to
alkaline phosphatase if the raised antibodies are mouse anti-
bodies) is added to the wells and incubated for about 30 min
and then washed. Substrate is added to the wells and a color
reaction will appear where antibody to the immobilized
polypeptide(s) are present.

The antibodies so identified may then be further analyzed
for affinity and specificity in the assay design selected. In the
development of immunoassays for a target protein, the puri-
fied target protein acts as a standard with which to judge the
sensitivity and specificity of the immunoassay using the anti-
bodies thathave been selected. Because the binding affinity of
various antibodies may differ; certain antibody pairs (e.g., in
sandwich assays) may interfere with one another sterically,
etc., assay performance of an antibody may be a more impor-
tant measure than absolute affinity and specificity of an anti-
body.

Those skilled in the art will recognize that many
approaches can be taken in producing antibodies or binding
fragments and screening and selecting for affinity and speci-
ficity for the various polypeptides, but these approaches do
not change the scope of the invention.
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EXAMPLES

The following examples serve to illustrate the present
invention. These examples are in no way intended to limit the
scope of the invention.

Example 1
Biochemical Analyses

Markers were measured using standard immunoassay
techniques. These techniques involve the use of antibodies to
specifically bind the analyte(s) of interest. Immunoassays
were performed using TECAN Genesis RSP 200/8 or Perkin
Elmer Minitrak Workstations, or using microfluidic devices
manufactured at Biosite Incorporated essentially as described
in WO98/43739, WO98/08606, W098/21563, and WO93/
24231. Analytes may be measured using a sandwich immu-
noassay or using a competitive immunoassay as appropriate,
depending on the characteristics and concentration range of
the analyte of interest.

The assays were calibrated using purified proteins (that is
either the same as or related to the selected analyte, and that
can be detected in the assay) diluted gravimetrically into
EDTA plasma treated in the same manner as the sample
population specimens. Endogenous levels of the analyte
present in the plasma prior to addition of the purified marker
protein was measured and taken into account in assigning the
marker values in the calibrators. When necessary to reduce
endogenous levels in the calibrators, the endogenous analyte
was stripped from the plasma using standard immunoaffinity
methods. Calibrators were assayed in the same manner as the
sample population specimens, and the resulting data used to
construct a “dose-response” curve (assay signal as a function
of analyte concentration), which may be used to determine
analyte concentrations from assay signals obtained from sub-
ject specimens.

Individual assays were configured to bind NGAL, and
results are reported in the following examples using as
ng/mL.

Example 2
Microtiter Plate-Based Biochemical Analyses

For the sandwich immunoassay in microtiter plates, a
monoclonal antibody directed against a selected analyte was
biotinylated using N-hydroxysuccinimide biotin (NHS-bi-
otin) at a ratio of about 5 NHS-biotin moieties per antibody.
The antibody-biotin conjugate was then added to wells of a
standard avidin 384 well microtiter plate, and antibody con-
jugate not bound to the plate was removed. This formed the
“anti-marker” in the microtiter plate. Another monoclonal
antibody directed against the same analyte was conjugated to
alkaline phosphatase, for example using succinimidyl 4[N-
maleimidomethyl]-cyclohexane-1-carboxylate (SMCC) and
N-succinimidyl  3[2-pyridyldithio]propionate ~ (SPDP)
(Pierce, Rockford, I11.).

Biotinylated antibodies were pipetted into microtiter plate
wells previously coated with avidin and incubated for 60 min.
The solution containing unbound antibody was removed, and
the wells washed with a wash buffer, consisting of 20 mM
borate (pH 7.42) containing 150 mM NaCl, 0.1% sodium
azide, and 0.02% Tween-20. The plasma samples (10 pL)
containing added HAMA inhibitors were pipetted into the
microtiter plate wells, and incubated for 60 min. The sample
was then removed and the wells washed with a wash buffer.
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The antibody-alkaline phosphatase conjugate was then added
to the wells and incubated for an additional 60 min, after
which time, the antibody conjugate was removed and the
wells washed with a wash buffer. A substrate, (AttoPhos®,
Promega, Madison, Wis.) was added to the wells, and the rate
of formation of the fluorescent product is related to the con-
centration of the analyte in the sample tested.

Example 3
Microfluidic Device-Based Biochemical Analyses

Immunoassays were performed using microfluidic devices
essentially as described in Chapter 41, entitled “Near Patient
Tests: Triage® Cardiac System,” in The Immunoassay Hand-
book, 2" ed., David Wild, ed., Nature Publishing Group,
2001.

For sandwich immunoassays, a plasma sample was added
to the microfluidic device that contains all the necessary assay
reagents, including HAMA inhibitors, in dried form. The
plasma passed through a filter to remove particulate matter.
Plasma entered a “reaction chamber” by capillary action. This
reaction chamber contained fluorescent latex particle-anti-
body conjugates (hereafter called FETL-antibody conju-
gates) appropriate to an analyte of interest, and may contain
FETL-antibody conjugates to several selected analytes. The
FETL-antibody conjugates dissolved into the plasma to form
a reaction mixture, which was held in the reaction chamber
for an incubation period (about a minute) to allow the
analyte(s) of interest in the plasma to bind to the antibodies.
After the incubation period, the reaction mixture moved down
the detection lane by capillary action. Antibodies to the ana-
lyte(s) of interest were immobilized in discrete capture zones
on the surface of a “detection lane.” Analyte/antibody-FETL
complexes formed in the reaction chamber were captured on
an appropriate detection zone to form a sandwich complex,
while unbound FETL-antibody conjugates were washed from
the detection lane into a waste chamber by excess plasma. The
amount of analyte/antibody-FETL complex bound on a cap-
ture zone was quantified with a fluorometer (Triage® Meter-
Plus, Biosite Incorporated) and was related to the amount of
the selected analyte in the plasma specimen.

One skilled in the art readily appreciates that the present
invention is well adapted to carry out the objects and obtain
the ends and advantages mentioned, as well as those inherent
therein. The examples provided herein are representative of
preferred embodiments, are exemplary, and are not intended
as limitations on the scope of the invention.

Tt will be readily apparent to a person skilled in the art that
varying substitutions and modifications may be made to the
invention disclosed herein without departing from the scope
and spirit of the invention.

All patents and publications mentioned in the specification
are indicative of the levels of those of ordinary skill in the art
to which the invention pertains. All patents and publications
are herein incorporated by reference to the same extent as if
each individual publication was specifically and individually
indicated to be incorporated by reference.

The invention illustratively described herein suitably may
be practiced in the absence of any element or elements, limi-
tation or limitations which is not specifically disclosed herein.
Thus, for example, in each instance herein any of the terms
“comprising”, “consisting essentially of” and “consisting of”
may be replaced with either of the other two terms. The terms
and expressions which have been employed are used as terms
of description and not of limitation, and there is no intention
that in the use of such terms and expressions of excluding any
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equivalents of the features shown and described or portions
thereof, but it is recognized that various modifications are
possible within the scope of the invention claimed. Thus, it
should be understood that although the present invention has
been specifically disclosed by preferred embodiments and
optional features, modification and variation of the concepts
herein disclosed may be resorted to by those skilled in the art,
and that such modifications and variations are considered to
be within the scope of this invention as defined by the
appended claims.

Other embodiments are set forth within the following
claims.

We claim:

1. A method of assigning a risk of an adverse outcome to a
patient suffering from renal artery stenosis, comprising:

performing an immunoassay that detects Neutophil Gelati-

nase-Associated Lipocalinon (NGAL) on a body fluid
sample obtained from said patient, wherein said immu-
noassay comprises (a) contacting said body fluid sample
with a solid phase comprising an antibody that detects
NGAL, and (b) detecting binding to said antibody,
thereby providing an NGAL assay result;

comparing said NGAL assay result to a baseline NGAL

result; and

relating the NGAL assay result to the patient’s risk of an

adverse outcome by assigning an increased risk of an
adverse outcome to said patient when said NGAL assay
result is greater than said baseline NGAL result, or by
assigning a decreased risk of an adverse outcome to said
patient when said NGAL assay result is less than said
baseline NGAL result.

2. A method according to claim 1, wherein said baseline
NGAL result is determined by performing an assay method
that detects NGAL on a body fluid sample obtained from said
patient at a time earlier than the time at which the body fluid
sample used to provide said NGAL assay result was obtained.

3. A method according to claim 1, wherein said baseline
NGAL result is determined from a population of subjects
suffering from renal artery stenosis, and said baseline NGAL
result is selected to separate said population into a first sub-
population having an increased risk of an adverse outcome
relative to a second subpopulation.

4. A method according to claim 3, wherein said baseline
NGAL result separates said first subpopulation from said
second subpopulation with an odds ratio of at least 2 or more
or 0.5 or less.

5. A method according to claim 3, wherein said baseline
NGAL result separates said first subpopulation from said
second subpopulation with an odds ratio of at least 3 or more
or 0.33 or less.
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6. A method according to claim 1, wherein said adverse
outcome is mortality in the short term or worsening renal
function in the short term.

7. A method according to claim 1, wherein the body fluid
sample is selected from the group consisting of urine, blood,
serum, and plasma.

8. A method according to claim 1, wherein the method
further comprises determining one or more additional vari-
ables selected from the group consisting of a serum creatinine
level for said patient, a creatinine clearance rate for said
patient, a cystatin C level for said patient, and a glomerular
filtration rate for said patient; and wherein the patient’s risk of
an adverse outcome is assigned based on comparing said
NGAL assay result to said baseline NGAL result, and on said
one or more additional variables.

9. A method according to claim 1, wherein the method
further comprises determining one or more additional vari-
ables for said patient selected from the group consisting of a
urine output level for said patient, a family history of athero-
sclerosis, obesity, positive smoking status, prior smoking his-
tory, race, age, and diabetes mellitus; and

wherein the patient’s risk of an adverse outcome is

assigned based on comparing said NGAL assay result to
said baseline NGAL result, and on said one or more
additional variables.

10. A method according to claim 1, wherein the method
farther comprises:

performing an assay method that detects one or more of

Brain Natriuretic Peptide (BNP), NT-proBNP and
proBNP on a body fluid sample obtained from said
patient, thereby providing a natriuretic peptide assay
result;

comparing said natriuretic peptide assay result to a base-

line natriuretic peptide result; and

relating the natriuretic peptide assay result to the patient’s

risk of an adverse outcome by assigning an increased
risk to said patient when said natriuretic peptide assay
result is greater than said baseline natriuretic peptide
result, relative to a risk assigned when said natriuretic
peptide assay result is less than said baseline natrivretic
peptide result, or by assigning a decreased risk to said
patient when said natriuretic peptide assay result is less
than said baseline natriuretic peptide result, relative to a
risk assigned when said natriuretic peptide assay result
is greater than said baseline natriuretic peptide result.

11. A method according to claim 10, wherein the assay
method providing the natriuretic peptide assay result and the
assay method providing the NGAL assay result are pet-
formed on the same body fluid sample obtained from said
patient.
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