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application is a non-provisional of U S. provisiona
applications Serial No. 60/637,503, filed 20 Decenber,
2004, and 60/719,307, filed 21 feptenber 2005, which
are hereby incorporated by reference in their
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concentration of which is indicative of a disease or

group of diseases, in this instance disorders of the
kidney resulting in decreased renal function, including
those caused by ischemic injury (due to impaired blood
supply to the kidney) or exposure to nephrotoxic agents
or rejection of a transplanted kidney. The methods of the
present invention are particularly useful for the early
detection of the renal response to ischemic injury, the
clinical or pathologic comnsequences of which are
typically acute renal failure (ARF), acute tubular
necrosis (ATN) or acute tubulo-interstitial nephropathy
(ATIN), and can also be used to monitor the course of
renal disorders including the response to therapeutic

measures.

Background of the Invention
The detection of renal ischemic injury that may
result in ARF, ATN or ATIN has hitherto depended on

clinical signs, such as oliguria and fluid retention,
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rising levels of creatinine and urea in the bl ood
and, if measured, a |low creatinine clearance. These
signs are 5 indicative of the presence of the
established condition. Various urinary markers of
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to 9 hours after ischemic injury in experimental animals
(Muramatsu et al., 2002). However, levels in humans are
still unknown. Other markers that have been studied
include clusterin (Aulitzky et al., 1992) and lipocalin-
type prostaglandin D synthase (L-PGDS) (Tsuchida et al.,
2004); their usefulness for the early diagnosis or
prediction of ATN is still unclear. As a result of the
generally slow time course of appearance of these marker
molecules in urine after exposure of the kidney to
ischemia or nephrotoxic agents, they have not entered
into general use to diagnose early or impending renal
disorders resulting from these insults.

Neutrophil gelatinase-associated lipocalin (NGAL) is
also known as neutrophil lipocalin (NL; HNL in the case
of human neutrophil lipocalin), lipocalin 2 (LCN2), 25-
kDa alpha 2-microglobulin-related protein (in the rat) or

24P3 (in the mouse). In the rat, it has also been
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(inthe rat) or 24P3 (in the nouse). In the rat, it
has al so been WO 2006/ 066587 PCT/ DK2005/ 000806 3
referred to as neu-related lipagcalin (NRL), as its
gene is overexpressed in mammary tunors initiated by
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QB} %fq%§3$@8%?§§ooo; U S. Patent 6,136,526; PCT
[ 404). In this respect,

NGAL was initially disclosed as a marker of
neutrophil activation, being released into the blood when
invading microorganisms, in particular pyogenic bacteria,
cause degranulation of the neutrophils and exocytosis of
the granule proteins. As such, the measurement of
elevated levels of NGAL in a plasma or serum sample from
a human is believed to be indicative of the individual
suffering from an inflammation, especially one caused by
a bacterial infection (Venge, 2000; U.S. Patent
6,136,526; PCT application W095/29404). In this respect,
but in contradiction to its claimed specific derivation
from neutrophils, NGAL (24P3) was identified as an acute
phase protein of type 1 in the mouse, where expression
was mainly located in the liver during the acute phase
response (Liu and Nilsen-Hamilton, 1995).

US patent application 2004/0219603 describes the use

of NGAL as a urinary biomarker for detecting the early
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nouse, where expression 30 was mainly | ocated in the
liver during the acute phase response (Liu and

Ni | sen-Ham I ton, 1995). US patent application

2004/ 0219603 descri-bes the use of NGAL as a urinary
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I nvention It has now surprisingly been found that NGAL

| evel s due to renal injury are generally higher than
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do not affect the kidney. By renal 15 disorder is
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nedissrdef ATd) meantcahg albobubbiont efsfihcalion, including

negﬁgogg%&gt& ihgnd gt%gggrhgghggf correlates of that
alteration, either of the kidney as a whole or of one or
more cellular structures of which it i1s composed, that
goes beyond the regulatory mechanisms which maintain the
normal healthy state. Non-exclusive examples of such
disorders include conditions associated with renal
ischemia such as acute tubular necrosis (ATN) or acute
tubulo-interstitial nephropathy (ATIN), and also include
acute renal failure (ARF) or chronic renal failure (CRF)
of whatever cause, acute and chronic glomerulonephritis
of whatever cause, nephropathy due to urinary
obstruction, nephropathy due to hypertension, nephropathy
associated with pre-eclampsia or toxemia of pregnancy,
rejection or recurrent disease of a transplanted kidney,
as well as congenital and neoplastic diseases of the
kidney.

Accordingly, the present invention provides methods

for the diagnosig and/or monitoring of renal injury in
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to urinary obstruction, nephropathy due to
hypertensi on, nephropathy associated with

pre-ecl anpsia or toxem a of pregnancy, rejection or
recurrent disease of a transplanted kidney, 30 as well
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ii) comparing said concentration with a
predetermined cutoff value, said cutoff value being
chosen to exclude lower concentrations of NGAL associated
with conditions that do not affect the kidney, wherein a
concentration above the cutoff value is indicative of a
renal disorder.

Furthermore, the present invention, in one
embodiment, allows the discrimination between different
degrees of renal disorder. Thus, e.g. in one embodiment,
the method of the invention comprises a further step of
comparing said concentration with a second cutoff value,
said second cutoff value being chosen to exclude lower
concentrations of NGAL associated with a lesser degree of
renal disorders that are unlikely to require treatment by
dialysis, wherein a concentration above the cutoff value
is indicative of a more severe disorder that is likely to

reguire treatment by dialysis.
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different 25 degrees of renal disorder. Thus, e.g. in
one enbodi nent, the nmethod of the invention conprises
a further step of conparing sag d concentration with a
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d %gtgg Séfaggtectlng renal injury that may result in ARF,
ATN or ATIN, discriminating it from other disorders, and,
if the rate of progression permits, instituting
appropriate measures to reverse the process.

Levels of NGAL are preferably determined by an
immunochemical method. Examples of such methods include,
but are in no way limited to a sandwich ELISA (enzyme-
linked immunosorbent assay), a lateral flow method, or a

dipstick.

Description of the drawings

Figure 1

Receiver operating characteristics (ROC) curve for
maximal urinary NGAL values with respect to the diagnosis
of renal affection in 60 adult patients admitted to a
hospital intensive care unit. Only patiente that could be
clagssified from other data as having or not having renal

affection were included.
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i mmunochem cal net hod. Exanpl es of such nethods
include, but are in no way limted to a sandw ch
ELI SA (enzyne- |inked i nmmunosorbent assay), a latera
flow method, or a dipstick. 25 Description of the
drawi ngs Figure 1 Receiver operating characteristics
(ROC) curve for maximal urinary NGAL val ues with
resbeureta the diagnosis 30 of renal affection in 60
tlents admitte
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Figure 4
Time course of urinary NGAL and plasma creatinine values
in an elderly male patient operated acutely for rupture

of an abdominal aortic aneurysm.

Figure 5

Time course of urinary NGAL and plasma creatinine
values in a female patient who developed sepsis which did
not affect renal function. The urinary NGAL cutoff level
(329 ng/mL) for the diagnosis of renal affection and the
upper limit of normal for plasma creatinine in women

(0.088 mmol/L) are shown.

Detailed Description of the Invention

We have found that concentrations of human
neutrophil gelatinase-associated lipocalin (NGAL) in
samples of human urine are only influenced moderately by
infective or inflammatory states. However, NGAL levels
are markedly elevated in renal disorders attributed to

ischemic injury and the elevation of NGAL is particularly



Figure 5 20 Tinme course of urinary NGAL and pl asma
creatinine values in a femal e patient who devel oped
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urinary NGAL cutoff level (329 ng/nL) for the
di agnosis of renal affection and the wupper limt of
normal for plasma creatinine imgwonen 25 (0.088
nnDI/L) are shown. Detailed Description of the
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IS§££E1ES produced by the kidneys in response to ischemia

and other influences capable of stimulating renal NGAL
expression, and is not only released in large amounts in
the urine, but also into the blood, thus confounding the
use of NGAL determinations in serum or plasma as a marker
of inflammation or bacterial infection as set forth in
U.S. Patent 6,136,526.

Accordingly, the present invention relates to
measurement of NGAL in a sample of bodily fluid,
preferably human urine from which any neutrophils have
been removed, as a diagnostic marker of renal disorders,
especially those due to renal ischemia or nephrotoxic
agents. In the present invention, for the concentration
of NGAL to be specifically indicative of renal disorder,
it must exceed a cutoff value set to exclude those lower
concentrations of NGAL that may result from infective or
inflammatory states or carcinomas that do not give rise

to renal injury.



and ot her influences capable of stinulating renal NGAL
expression, and is not only released in | arge anounts

WO poostobEssTr i ne, but also into the bl ood, thus PCTI/DK2005/000806

10

15

25

30

confoundi ng the 20 use of NGAL determi nations in serum
or plasma as a marker of inflammtion or bacteri al
infection as set forth in U Sg Patent 6,136, 526.
Accordi ngly, the present invention relates to
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Caf &l OPIBS S AﬁNthETﬁE ¢iyNGAL concentration exceeds

the cuto |'evel IS |s an i ndi cation that the human

has sufTieeduteffil lenglirpehod whycldevbboprbnahmslevel of
NGAL cannot be diagnostic of renal injury with an
acceptable degree of specificity because such a level can
be found in healthy individuals or those suffering from
inflammatory, infective or cancerous conditions is
preferably a level of 250 ng/mlL or more, such a value
between 250 ng/mL and 525 ng/mL, such as 275 ng/mL, or
300 ng/mL, or 325 ng/mL, or 350 ng/mL, or 375 ng/mL, or
400 ng/mL, or 425 ng/mL, or 450 ng/mL, or 475 ng/mL, or

500 ng/mL. In another embodiment, the cutoff value used

is a value of 1 Ug/mL or a higher value. Preferably, the
positive predictive value for the urinary cutoff value is
80% or more, such as 85% or more, e.g. 90% or more.
Alternatively, or in addition, the negative predictive
value for the urinary cutoff is preferably 80% or more,
such as 85% or more, e.g. 90% or more.

In another embodiment, the present invention
comprises the steps of measuring the concentration of

human NGAL in a sample of plasma or serum from the
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specificity because such a I evel can be found in
heal thy individuals or those suffering from

i nflammatory, infective or cangerous conditions is 20
preferably a I evel of 250 ng/nL or nore, such a val ue
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SURY &nbd seall abnpiibynarulragrdefél vp/oL, hay 385 ng/mL, or
deygbQRS%MéBNbrAEMSO£g9%LN'or 400 ng/mL, or 425 ng/mL, or
450 ng/mL, or 475 ng/mL, or 500 ng/mL. Preferably, the
positive predictive value for the plasma cutoff value is

80% or more, such as 85% or more, e.g. 90% or more.
Alternatively, or in addition, the negative predictive
value for the plasma cutoff value chosen is preferably
80% or more, such as 85% or more, e.g. 90% or more.

A further aspect of the present invention is that
the method can be used to distinguish severe renal
insults that are likely to require some form of dialysis,
which typically give rise to very high urinary levels of
NGAL, from less severe renal insults that may only
occasionally require dialysis, which typically give rise
to lower elevations of urinary NGAL.

Thus, a second, higher cutoff level, below which the
urinary level of NGAL is not predictive of dialysis
requirement but is diagnostic of a lesser degree of renal

injury, is preferably a level between 1000 ng/mL and 3000



The cutoff level for the NGAL concentration in plasm
or serumis simlar to that for urine and is
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ng/mL.  or a higher value, or a value between 250 ng/nL
and 525 15 ng/m., such as 275 ng/nL, or 300 ng/nL, or
325 ng/m., or 350 ng/nm., or 37% ng/nL, or 400 ng/n.,
or 425 ng/nL, or 450 ng/nL, or 475 ng/n, or 500
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suc s 85% or nore, % or
AISernmtcvetyntnatnqnaddftNGAL thet negaassec1ated with the

g@é?%ﬁve Vgéagriﬁépéh%oghggggnc%ggf£eV%B%§tored daily or
at shorter intervals, and the onset of renal affection
will be indicated by a rise in the urinary or plasma or
serum concentration of NGAL over the preceding levels. In
these circumstances, the magnitude of the rise in NGAL
concentrations indicative of the onset of renal affection
is preferably'SO ng/mL or a more, such as 100 ng/mL or
more, e.¢g. 150 ng/mL or more, such as 200 ng/mL or more,
e.g. 300 ng/ml: or more, such as 400 ng/mL or more, e€.d.
500 ng/mL or more.

A further aspect of the present invention is that
the method can be used to monitor the course of renal
affections giving rise to raised NGAL levels, both in
their natural evolution and in response to therapeutic
measures. In these circumstances, the change in NGAL
levels will reflect the status of renal injury or
regeneration, provided that any concurrent inflammatory,

infectious or cancerous condition remains relatively
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treatnment for another disease which may or may not

itself be associated wwth an elevation in bodily

fluid levels of NGAL, and in which renal affection is

a possible conplication In this situation the urinary

org 5 r cent NGAL
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human NGAL. Such binding molecules include, but are not
limited to, polyclonal or monoclonal antibodies against
NGAL or specific NGAL binding molecules generated by
other means.

In a preferred method, monoclonal antibodies raised
against recombinant human NGAL are used. One antibody is
linked to a solid support to capture NGAL from a sample,
such as a urine sample, while the other is linked to a
label such as a dye complex, or biotin or enzyme that can
be detected by any of many methods known to those skilled
in the art. The solid support may e.g. be a polystyrene
or polyvinyl chloride surface for enzyme-linked
immunosorbent assay (ELISA), or latex (polystyrene)
particles, or a filter frit composed of compressed
polyethylene particles, or a porous nitrocellulose
matrix, or indeed any suitable support used in

immunochemical analyses.
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| onger than 24 hours, and nore preferably at shorter
intervals down to a suggested period of not |onger
than 3 h, or even shorter 10 for instance if an insult
is known to have occurred, e.g. during a surgica
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a filter frit conposed of conpressed polyethylene
particles, or a porous nitrocellulose matrix, or

I NngegdpARY¥ sui tabl e support used in inmmunochem ca

anal yses. WD 2006/ 066587 PCT/ DK2005/ 000806 13 A
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The analytical area of a dipstick comprised of a
polystyrene surface is coated with a capture antibody
against human NGAL. An aliquot of the centrifuged,
diluted sample is added to a solution of enzyme-labeled
detection antibody against NGAL in the first tube, into
which the dipstick is immersed. Complexes of enzyme-
labeled detection antibody with NGAL are bound to the
dipstick, which is then washed with tap water and placed
in a chromogenic substrate solution in a second tube. The
color developed in the substrate solution within a given
time is read either by eye and compared with a chart of
color intensities which indicates the concentration of
NGAL in the urine sample, or in a simple colorimeter that
can, for example, be programmed to indicate the NGAL

concentration directly.

Example 2: NGAL Lateral Flow Device
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5 sanple. As will be understood by those of skill in
the art upon reading this disclosure, however, other
means for nmeasuring NGAL can he used. In a preferred
enbodi nent, the nethod of the invention does not

conpri sg fa§éfglcfho B%Q@B%uEbﬁpQEseéoo@;@9%Q§ﬁbpof porous

step practiced on the human or ani nal
fonibmpnglhuhesen15|ngaeﬁdnpbes ate prievkdegntowith a

D Ghr s SRRRDBEY  6oR RS SbPh BYRRA ROl reoF Arensyetse

di pshackaceapthsedtebnavepekybbiitese sucfiaeey sgeaaked
wth a capture _antibody  against human NGAL. An

al pabdPodics hef cERer FPegéas fapmuwbdchafrpre desesdden
toaﬁt§8$§%¥£9 8£rEOé§"§s'BESE88 EQS@SﬁmgikB”tﬁﬁtb%g@&re

agal nst irst tube, Into
di@stib&dysbandeaaédseﬁn&plexea agbnempynef kaepedunction.
det ecti on ant are bound t

h |
i B RO ERRLNORY PhoRPRachEabwoR e Swahe: dghgetion

pl a6€dnod; égéDﬁQHD&@ﬂLCa§§B§béét%rSQthb@ntbnlébeled
second tu The 25 col or devel oped in the substrate

sople@ﬁymﬁmﬁunaétgpwéﬁ ori Rarcscleadodi der chppdpx . When

ondhCTRGes kL hog BOREL, PcbOl Gl LOLERBAL] 85 WELSea oo

saﬁnéepr@xlmalaeﬁdanetheletrmptethéhaabeaéﬂ,pb@tlcles
to indicate the

l e,
A Bachad b GRFEEELon aRaABPEvLLrHERL BAPBOLR Srip by
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| ow devi ce corrprlse a strip of por ous
antibody, only those partlcles which have bound NGAL will

be retained, giving rise to a detectable band. Particles
reaching the control band of antibody against the
detection antibody will produce a detectable band whether
or not any NGAL has been bound. The intensity of the
labeled bands can be read by eye in the case of colored
particles or by means of the appropriate detection device
for the label used. A positive regult is indicated by
color development or the accumulation of label in both
bands, while a negative result is indicated by color
development or other label only in the control band.
Failure of color development or other label in the
control band indicates inadequate strip function. The
sensitivity of the test can be regulated by the dilution
of the sample applied, which is adjusted so that only
NGAL concentrations above the determined cutoff values
give rise to a positive result. The sensitivity of the
test can also be adjusted by linking the detection

antibody to a mixture of labeled and unlabelled
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capture anti body agai nst NGAL applied as a transverse
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anti bodi es of the species fromwhich the detection
antibody is derived is placed distally to the capture
anti body band and serves as a ggntrol of strip
function. The proximal end of the strip contains the
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detection device for the |abel used. A positive
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intensity of the frit is read by light diffusion
photometry. The batches of frits are pre-calibrated and
the minicolumns equipped with a calibration code that can
be read by the device, so that a quantitative result can
be displayed by the instrument without the need for prior

calibration with standards.

Example 4: NGAL Sandwich ELISA

Purified recombinant human NGAL for use as a
standard and as calibrator material was prepared as
described by Kjeldsen et al. (1996). Antibodies against
NGAL were those described by Kjeldsen et al. (1993;
1996) . Polystyrene ELISA plates were coated overnight at
4°C with antibody 211-1 at a concentration of 2 pg/mL in
0.05 M sodium carbonate buffer, pH 9.4, applied at 100

uL/well. The wells were emptied, washed 3 times with wash



WO 2006/ 066587 PCT/ DK2005/ 000806 15 parti cles.
Bat ches of strips can be pre-calibrated and equi pped

wWowak/06658al | brati on code that can be read by tP€I/DK2005/000806

10

15

20

25

30

detection device, so that a quantitative or sem -
quantitative result can be read fromthe device. Mny
5 variations of the individual 1gspects of this |latera
flow technol ogy are possible, as known to those

skihkedei 9et he ExarPLecd sHEAhal BHCGl UM ini
10 %\ngﬁicolgngsggﬁngﬁs a ???tsna eeéfggonprésgegiklnlng
pol yedhyTeaenpadt i ghdsbabkbedngDihetpassagé obhlfibgiador and

and__cells. The. frit i ated with capture anti.bod .
AEPREECS hatt Ketom TRBE REAT Q6P GnPretPhc GPRGFATREY Povine
| nADbamdeVvaeer . 1 WaGCRLPYwaRansppl iadt esated bieddisdin 100-uL
handling allows the 15 diluted sanple to be applied at

a YPkewes| andr dpeuhagedyéptne, hpur| skedoB) demperpsmre on a

antq c Xe i y Af t ag
ma%%§§g¥%t?%§#gfhgh§%ﬁg%lgiﬁ?gﬁsﬁg%nogﬁpﬁggéfi?a%%ed and
r catobyedli ghtbdfbfasi Bhotphgllanetr yntIhedpatihe? at 0.25

frits are pre-calibrat and 20 the _m ni col unms
et pBacas SE1SELaR! BrEf BN esdating: teaRechonpaddaty 100
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f 2 pg/nL in 0.05

concentration o sodi um car bonat e

butdete. pFhe. welhppiverd BhemrO6mptied, washed and blotted as
before. A substrate solution containing
tetramethylbenzidine and peroxide (TMB-ONE, Kem-En-Tech,
Denmark) was then applied to each well at 100 uL/well and
incubated at room temperature in the dark for exactly 8
minutes, after which the color reaction was stopped by
adding 50 uL of 1 M sulfuric acid to each well. The light
absorbances of the wells at a wavelength of 450 nm were
then read in an ELISA plate reader, subtracting the light
absorbances at 650 nm. The concentrations of NGAL in the
samples were then calculated from the standard curve
generated from the light absorbance readings of the
calibrators of known concentration.

The assay had a range of 0.02 ng/mL to 1 ng/mL, with

a detection limit (95% confidence limit of difference
from zero) of 2.4 pg/mL, and showed parallelism between
dilutions of purified calibrator and samples. The

concentration of NGAL was 90 ng/mL in a pool of normal
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i ntensive care unit. NGAL was determ ned by a sandw ch
1 #SA similar in all essential details to that
ddscrd.Del pidgnE¥&Tp| EudicabOV &-NEXRAMPI € - | Nj Ndukkoph. | s-CRP
cl{i mecal | and par acl | nizzak cpr xehlat ijensatiGoneent aid OnS rank
off NGAL | n singl e spobxré&snp| esxdsf Urpwie ok8emnd cgdexim | order
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18 Tabl e iptl\gﬁr opcentrat|ons infurine and serum ¢
frjom 11 }%gamtygis corrghat | onsow tth ckphi cal anrds 71
pdraci i Nj gade1 101 . &I agposes U NGAL; 5- NGAL =2 10
Neut r oph{ sndiRBhiano{ rank rpank creatinine rank rank
orjder orgder rank order3sopder oxder | ng/asL ngbrrLzPMx 97
109/ L up/ mFretaMr, pligdrial 10710 10 1172 8640 435 9
366 15. 6| Baritgnfyist | aortic|7 9 11|7 6
2700 273 108 16 87
5 S. aureus. 11 11 6 8 8
sepsis, ATN
15,700 922 103 13.9 81
6 AML, septic 6 5 9 1 4
shock
1030 146 164 <0.1 56
7 HRS 3 3 3 5 1
E. faecalis
bacteremia 900 92 82 6.7 19
8 Hematoma, 5 4 8 6 3
ARDS
1000 114 154 9.5 37
9 MT 1 1 4 4 11
110 66 91 5.7 103
10 MT 4 6 5 3 7
950 147 98 5.0 81
11 Splenectomy, 2 2 1 10 5
perforated
diaphragm 130 79 30 19 62
Normal values: s-NGAL 90 ng/mlL, u-NGAL 5.4 ng/mL
ALL: acute lymphatic leukemia; AML: acute myeloid leukemia; ARDS:

adult respiratory distress syndrome; ATN: acute tubular necrosis;
CRP: C-reactive protein; HRS: hepato-renal syndrome; MT: multiple
trauma; p: plasma; s: serum; u: urine

Spearman's coefficients of rank correlation (r)
u-NGAL/s-NGAL: r 0.945 P <<0.001
u-NGAL/p-creatinine: r 0.418 P 0.1
s-NGAL/neutrophil count: r 0.273, not significant
s-NGAL/s~-CRP: r 0.064, not significant
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hepagoct éraradyrdféasnored ael APl wast chesacterized by an
plQ§g§emélysﬁﬂgﬂluElng%&nﬁGAL at a time when there had been

no significant rise in plasma creatinine. The poor
correlation between serum NGAL and the neutrophil count
shows that serum NGAL is not a reflection of
neutrophilia. In particular, both the urine and serum
NGAL were raised in patient no. 3, with a neutrophil
count of only 2.0 x 10°/mL because of acute lymphatic
leukemia, and in patient no. 6, with an uncountably low
number of neutrophils because of acute myeloid leukemia.
Furthermore, the lack of correlation with CRP shows that
s-NGAL is not just an acute phase protein. Repeated
analyses of stored samples showed that NGAL may have
limited stability in urine samples, while being more
stable in serum samples. The results suggest that NGAL is
produced in organ damage, particularly, but not only, by
the kidneys. It spills over into the blood and is
excreted in the urine. However, renal NGAL in ATN also
passes directly into the urine to produce a very high
urinary concentration of NGAL.

Patient nos. 3 and 4, who at the time of sampling
had no clinical diagnosis of renal disorder and whose p-
creatinine was at that time within the normal range, had
levels of urinary NGAL that were higher than that of
patient no. 2, who was receiving hemodialysis for anuria
after rupture of an aortic aneurysm. The two patients
(nos. 3 and 4) may have developed renal ischemic injury
because of their severe infections, the rise in urinary

NGAL preceding any rise in p-creatinine, as was also
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urinary concentration of NGAL. 25 Patient hos. 3 and

4,swhbliatenhecerpeintysaaplli hjese patients were excluded
from the analysis. Maximal NGAL concentrations in urine
and plasma from the 60 clinically classifiable patients
are given in Table 2. The diagnostic power with respect
to renal affection of the maximal concentration of NGAL
reached in urine and plasma from each classified patient
was then determined by plotting receiver operating
characteristic (ROC) curves for the urine and plasma
values. The time courses of the daily urine and plasma
NGAL values were also plotted for each patient and

compared with paraclinical data such as the plasma

creatinine values.
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24 307 1042 + - - +
29 71 50 - - - -
30 320 874 - - - -
39 1416 1073 + + - -
a1 181 42 - - - -
42 115 29 - - - -
43 436 176 + - - -
44 446 680 + - - -
45 270 37 - - - -
46 1962 3222 + + + +
47 222 89 - + - -
48 1040 3974 + - - +
49 228 48 - - -
51 256 519 + - + +
52 294 685 + + + -
53 586 1337 + + + -
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- NGAL is not diagnostic of renal disorder was determined
to be between 370 ng/mL and 329 ng/mL. With a cutoff in
this range the diagnostic sensitivity was 96.9%, the
diagnostic specificity was 89.3%, the positive predictive
value was 91.2% and the negative predictive value was
96.2%.

Figure 2 shows the ROC curve for maximal plasma NGAL
values with respect to the diagnosis of renal affection.
The area under the curve was 0.914 and the cutoff value
below which the concentration of plasma NGAL is not
diagnostic of renal disorder was determined to be between
436 ng/mL and 355 ng/mL. With a cutoff in this range the
diagnostic sensitivity was 84.8%, the diagnostic
specificity was 96.3%, the positive predictive value was

93.1% and the negative predictive value was 83.9%.

Diagnosis of dialysis regquirement

Patients with renal affection fell into two groups
with respect to the maximal urinary NGAL values observed.
The first group (11 patients) was characterized by
urinary NGAL values of 1337 ng/mL or less, and contained
patients with lesser degrees of renal affection as judged
by other clinical and paraclinical data. In this group 3
patients received some form of hemodialysis. The second
group (21 patients) was characterized by urinary NGAL
values of 2672 ng/mL or more and contained 17 patients
clinically diagnosed as having ATN or ATIN. In this group
20 patients required some form of hemodialysis. The

cutoff value below which the urinary NGAL concentration
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95.2% and the negative predictive value was 72.7%.

Time course of NGAL values

When the time course of daily urinary and plasma
NGAL values was plotted and compared with the clinical
and paraclinical data in individual classified patients,
it was observed that rises of 86 ng/mL, 125 ng/mL and 200
ng/mL in urine NGAL over the preceding level were
associated with a deterioration of renal function as
recorded in the discharge summary or shown by a rising
plasma creatinine level. Rises in urinary NGAL of more
than 200 ng/mL above the preceding level were also
associated with decline in renal function when these
rises brought the urinary NGAL level above the cutoff
level of 329 ng/mL. The number of patients clearly
showing this type of intercurrent rise in urinary NGAL
was not large enough to permit a meaningful analysis of
the diagnostic value with respect to acute renal failure
in relation to the magnitude of the rise.

In some cases there was a parallelism between the

rise in urinary NGAL and the rise in plasma creatinine
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conpared with the clinrcal
was associated with the development of a sepsis that did
not affect renal function, as supported by the fact that
the plasma creatinine level remained well within the
normal range throughout the clinical course in the

20 intensive care unit.
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( cogcentration above the cutoff wvalue is indicative of a

renal disorder.

2. The method of claim 1, wherein the sample is a
urine sample and the cutoff value is 250 ng/mL or a
higher value, such as a value between 250 ng/mL and 525

ng/mL.

3. The method of claim 1, wherein the sample is a
plasma or serum sample and the cutoff value is 250 ng/mL
or a higher value, such as a value between 250 ng/mL and

525 ng/mL.

4. The method of any of the preceding claims,
wherein the other condition is an inflammatory disorder
and the cutoff value is chosen to exclude lower
concentrations of NGAL associated with inflammatory

disorders.
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What is clained is: 1. A nethog of di agnosi ng,
moni toring or deternining t he Pikelihood of a rena

di sorder in a human _bei ng wher ei n sai d _net hod
di scri n? natel Betheench ?@ManStB?sBFééﬁ iRg SAGLRsSY

copditlon {hatndegsaneh-ahbechikheimkhdpey, b%%h@en a renal

nmet hod conprising the steps of 1) determ ning the
co@n@@tderl@mdoanhunﬁacneMErdphorder and the cutoff value

gel atinase- assocj a 0 L of
Dot | SPEREn B8 ekl ey RRRE EPR G b e Bnd RETRIGEL
saags@@me@dr@itnnlm&éhtavepaeget:aéﬁbned cutof f val ue,
said cutoff value being chosen to exclude | ower

concentrations of NGAL associated w th conditions

that dognoty, éf$%9ﬁoﬁh fkgﬂ?e¥F % gk@c@dl g claims,

concentratlon ove the cuto I's 1N |cat|ve of
a widéreemathdi setded. fArthae dEBhndmmhatbalbetween a renal

wherein_the s le is ne the t
VP Deat TR fatfefoutll fhEoPRR, Endlfnk" GutE S, badue is
betueesn 260 8gtMhdantond? célcBatibridnsThe Nehhodsgbciated
claim1, wherein the sanple is a plasnma or serum

sarptle amaceheueudbsprdarae is 250 ng/ ML or a higher

val ue, such as a value between 250 ng/nL and 25 525

ng/ m.. 4. The nethod of any of the preceding clains,

wher ei n7t hehet henitondhyi methedaofi ahlyapfathey preceding

di sorder and the,cutoff value is chosen to exclude
ogk@lms, comprising the further step of repeating steps i)

and 1i) one or more times.

8. The monitoring method of any of the preceding
claims, comprising the further step of repeating steps i)
and ii) within 24 hours, e.g. within 12 hours, such as

within 6 hours, e.g. within 3 hours.

9. The monitoring method of any of the preceding
claims, comprising the further step of repeating steps i)
and ii1) after a treatment of the renal disorder has been

initiated or completed.

10. The method of any of the preceding claims,
wherein the renal disorder is a post-ischemic renal

injury.

11. The method of any of the preceding claims,

wherein the renal disorder is a disorder that may cause
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di sorders. WO 2006/ 066587 PCT/ DK2005/ 000806 29 5. The

woreikhoas8f any of the preceding clainms, whereP@I/DE2005/000806
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nmet hod further discrimnates between a renal disorder
and an infective disorder and %Be cutoff value is
chosen to exclude | ower concentrati ons of NGAL 5
associated with infective disorders. 6. The nmethod of

arfCBEe t Fenpt ebai WEScl BFHES CWRBLBFNNERECREEhGY acute
furtbelodiseet ot pat 85 H@%ﬂ@%ﬁa@h enal disorder and a

cancerous di sorder and the cutoff value is 10 chosen

to exclude | ower concentratlons of NGAL associ at ed

Wi th c us d| er 7. % nitori d of
Ay of T Trechat g of7hg, SEoRBR BF RGoRRRCT GranEe.
Stﬁﬁe@élﬁe@ﬁétr@ﬁaﬁt@ﬂ@orﬁer15saﬂdubeﬁ BRe aOhehi®toxic
times. 8. The nonitoring method of any of the

prég®dtng claims, conprising the further step of
repeati ng steps i) and ii) within 24 hours, e.g.

Wi thin 12 hours, such as 20 within 6 hours, e.g.

wi t hi n B3 hoThs. m@th@heoﬁnanyoDfngh&ephededﬁnanylaﬁnshe

precedin s r|s n e further step .o

P eFator b afephs BB 212 bAr caMPrazPAoRESSt ¢ he
re@@hc@hﬁ@é@fénh@§tﬁe§nse§5n8nbht@E@dvaﬂuéo”Bb@ﬁﬁ@econd
10. The method of any of the preceding cl ai ms,

whevep Af t ielvenhpingsehaeen §0acp6dudrs AR c CoagaNtrations

i nLur f f _th C

[k ocToenTeL oY, 81 caAY e8! e i aoRdhe, e

naysCGHSEk&[y2666£6@ﬁ58@ EGEEBKéﬁﬁ5b@OﬁB@6pat1ent by
dialysis, wherein a concentration above the cutoff value
is indicative of a severe degree of renal disorder that

is highly likely to require treatment by dialysis.

14. The method of claim 13, wherein said second
cutoff value is between 1000 ng/mL and 3000 ng/mL, such
as 1250 ng/mL, or 1500 ng/mL, or 1750 ng/mL, or 2000
ng/mL, or 2250 ng/mL, or 2500 ng/mL, or 2750 ng/mL.

15. The method of any of the preceding claims,
wherein NGAL is measured by means of a molecule that

binds specifically to NGAL.

16. The method of any of the preceding claims,

wherein the bodily fluid is urine.

17. The method of any of the preceding claims,

wherein the bodily fluid 1is blood or plasma or serum.
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di sorder is caused by a nephrotoxic agent. 13. The
nmet hod of any of the precedingBEIainB, conprising the
further step of conparing said I0 concentration with a
second cutoff value, said second cutoff value being

chosen 19 ekdNeEROE onermeBRERALAG! FBRSONEPENRALS Tenal
asspeoptedl vh!d Buiedreeinl, reaak ﬁ#b%%éeeohia%&sm% the

unlikely to require treatnment of the patient
diatgsssofwherein a concentration above the cutoff

val ue 15 [ |nd|cat|ve of a se %e Ee ree o% r enal hil
di sor det’ t er‘f“snﬁ?%hwel?%é??n b2 éaﬂi P& PHEgPmBRETTOPRL
byggliat yssSe-ddsodhec 8Bt hogoehk1ehaieAdd) WhekekBmpaledof
second cutoff value is between 1000 ng/nL and 3000
ngPedilyguEhuidofaemivine Rgnal, Peing500 ng/nl, or 1750

ng/nL , 2250._ng 500..89L. :
2750 ng angQQ?QQ#ﬁé 5o %§ of? én%u¥eﬁﬁ2 ek @28?%5 Boaily
clalusd fwnbrereha NGAE hsmanabanﬁd bykaaaaftet a given time
nnleculg that 25 binds specifically to NGAL. 16. The

f

met fot® of the preceding clains, wherein the

bodi 'y {14y daésﬁeé&ixgﬁ widScAdr dhenset had Hﬁm_aﬂybeinghﬁas
precedi ng cl ai ns erein the bodily fluid is bloo

ord@vg%ﬁge@ras@¢@®1 s 20d6r 066587 PEPPDK20054600808 2
3 of he .o t
o B DT L8E O n T ObhEA L Ooh " PRRE' cBheBnkRASons
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hi
n?#iéﬁ rlconcentratlon of NGAL in the second sample is
indicative of the human being having developed a renal

disorder, or being about to develop a renal disorder.

19. The method of claim 18, wherein the
significantly higher concentration is a rise in NGAL
concentration of 50 ng/mL or a more, such as 100 ng/mL or
more, e.g. 150 ng/mL or more, such as 200 ng/mL or more,
e.g. 300 ng/mL or more, such as 400 ng/mL or more, e.d.

500 ng/mL or more.

20. The method of claim 18 or 19, comprising the
further step of repeating steps ii) and iii) one or more

times.

21. The method of any of claims 18 to 20, wherein
said given time period is 24 hours or less, e.g. 18 hours
or less, such as 12 hours or less, e.g. 6 hours or less,

such as 3 hours or less.
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of bodily fluid fromthe human being, ii) repeating
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same human being taken after a given tine period, and

10 iii) assessing whether or ngt, t he human bei ng has

devel oped a renal disorder, or~i's about to develop a

renal djsorder, by conparison of the concentrations

obt ai ne ZinTQ?e%egyognafiPFY fheFérAmg dBglRPf Péantiyther

hi ghetngopsenbrahbea gk H%Lfbatw%ss%%Ogﬂf%ffp'cgaiﬁs 10 to

15 indicative of the human bei ng havi ng devel oped a

rehdl disorder, or being about to develop a rena

di sorder. 19. The nethod of claim 18, wherein the

significantly higher concentration is a rise in NGAL

20 concentration of 50 ng/nmL or a nore, such as 100

ng/m. or nore, e.g. 150 ng/nmL or nore, such as 200

ng/ m. or nore, e.g. 300 ng/nmL or nore, such as 400

ng/mL or nore, e.g. 500 ng/nL or nore. 25 20. The

nmet hod of claim 18 or 19, conprising the further step

of repeating steps ii) and iii) one or nore tines.

21. The nmethod of any of clainms 18 to 20, wherein 30

said given tinme period is 24 hours or less, e.g. 18

hours or less, such as 12 hours or less, e.g. 6 hours

or less, such as 3 hours or |less. WO 2006/ 066587

PCT/ DK2005/ 000806 32 22. The nethod of any of clains

18 to 21, further having one or nore of the features

of any of clains 10 to 17.



