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The most preferred natriuretic peptides according to the present invention are NT-proBNP
35  or variants thercof. As briefly discussed above, the human NT-proBNP, as referred to in
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The term"kit" as used herein refers to a collection of the

af orenenti oned means, preferably, provided in separately or within a
singl e congai, P sz'gpe container, also preferably, compri§8S007/0s8007

i nstructions tor carrying out the nethod of the present i nvention.
The present invention pertains to a kigtyfor carrying out the nethod
of the present invention for predicting the risk of nortality or a
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Patients of NYHA class IV are unable to carry out any physical activity without
35  discomfort. They show symptoms of cardiac insufficiency at rest.
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25Tabl e 1: 2-years' outcone in relation to an invasive versus a
noni nvasi ve strategy in 1045 invasive patients and 1034 non-invasive
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at 5.0%, while in those patients with a marked elevation (>1800 pg/ml), 1-year mortality
was very high at 14.1%. The differences in mortality were observed carly after the index
event and highly significant already after one month. Receiver operating characteristic
(ROC) curve analyses further illustrated that GDF-15 is a strong biochemical marker of 1-
year mortality with an area under the curve of 0.757. By mulitiple regression analysis, the
GDF-15 level on admission was inversely related to the time from symptom onset to
admission (delay time) in NSTE-ACS. This finding might be related to the association
between the GDF-15 level and the severity of discase/symptoms leading to a shorter delay
time in patients with higher GDF-15 levels. Although the median GDF-15 level increased
slightly after admission, it remained remarkably stable within each patient during 72 hours
of observation. GDF-15 levels determined in individual patients at different occasions were
closely correlated, and gave similar prognostic information about mortality, showing that a
single measurement of GDF-15. obtained after admission will provide comparable
prognostic information in patients with NSTE-ACS. The verification of the prognostic
information in the GDF-15 levels at all four time points in patients with NSTE-ACS
supports the reliability of these findings. GDF-15 levels in NSTE-ACS patients were
strongly and independently related to age, current smoking, diabetes, history of hcart
failure, cardiac dysfunction (NT-proBNP), inflammatory activity (CRP), and renal
dysfunction (creatinine clearance), indicating that elevated levels of GDF-15 integrate
several important clinical and biochemical indicators of more severe cardiovascular disease
and poor prognosis in patients with NSTE-ACS. Out of all these interrelated variables,
GDF-15 cmerged as the strongest predictor of raised 1-year mortality. Beyond GDEF-15,
only age, previous myocardial infarction, and the levels of NT-proBNP added independent
prognostic information about mortality. Similarly, it has been found that the GDF-15 levels
provide reliable prognostic information on recurrent MI; sce Figure 1 and Table 1, below.
Thanks to this aspect of the present invention, a risk stratification for patients suffering
already from cardiovascular complications can be more reliably performed. It is to be
understood that according to the method of the present invention described herein above
and below, the amount of GDF-15 and either a natriurctic peptide, a cardiac Troponin or a
combination thercof or means for the determination thereof can be used for the
manufacture of a diagnostic composition for predicting the risk of mortality or a further
acute cardiovascular event for a subject suffering from a cardiovascular complication.

Moreover, it has been found that the method of the present invention comprising the
determination of GDF-15 and a natriuretic peptide can be, preferably, used for the
determination of the risk for mortality while a combination of GDF-15 and a cardiac
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Troponin can be, preferably, used for predicting the risk for a further acute cardiovascular
event. Accordingly, the present invention also encompasses to a method for predicting the
risk of mortality for a subject suffering from a cardiovascular complication comprising
determining the amounts of GDF-15 and a natriuretic peptide in a sample of a subject; and
comparing the amounts of GDF-15 and the natriuretic peptide determined in the previous
step to reference amounts. Furthermore, the present invention relates to a method for
predicting the risk for a further acute cardiovascular event for a subject suffering from a
cardiovascular complication comprising determining the amounts of GDF-15 and a cardiac
Troponin in a sample of a subject; and comparing the amounts of GDF-15 and the cardiac
Troponin determined in the previous step to reference amounts.

In a preferred embodiment of the method of the present invention, the said reference
amount (i.c. the threshold amount) for GDF-15 is 1200 pg/ml. More preferably, an amount
of GDF-15 larger than the reference is indicative for an clevated risk of mortality or a
further acute cardiovascular event.

In a further preferred embodiment of the method of the present invention, the said
reference amount (i.c. the threshold amount) for Troponin T is 0.01 ng/ml.

More preferably, an amount of the cardiac Troponin larger than the reference amount is
indicative for an elevated risk of mortality or a further acute cardiovascular event.

In another preferred embodiment of the method of the present invention, the said reference
amount (i.e. the threshold amount) for NT-proBNP is 1000 pg/ml.

More preferably, an amount for the natriuretic peptide larger than the reference amount is
indicative for an elevated risk of mortality or a further acute cardiovascular event.

The present invention, furthermore, encompasses a method for predicting the risk of an
adverse cardiovascular complication for a subject suffering from heart failure comprising
(a) determining the amounts of GDF-15 in a sample of a subject and (b) comparing the
amounts of GDF- determined in step a) to a reference amount.

It has been found in the studies underlying the present invention that a subject exhibiting
the symptoms of heart failure and, preferably, suffering from chronic heart failure, has an
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increased risk for adverse cardiovascular complication, preferably, a future acute
cardiovascular event or, more preferably, mortalifty. Among various biomarkers which
have been investigated in the said study, GDF-15 turned out to be an independent predictor
for an increased risk of adverse cardiovascular complications and, in particular, mortality

5  as specified above.

The present invention, furthermore, relates to a method for predicting the risk of mortality
or a subsequent pulmonary embolism-related complication for a subject suffering from
10 pulmonary embolism comprising
a) determining the amounts of GDF-15 in a sample of a subject; and
b) comparing the amount of GDF-15 determined in step a) to a reference amount,
whereby the risk of mortality or a subscquent pulmonary embolism-related
complication is to be predicted.
15
The term “pulmonary embolism” as used herein refers to a disorder caused by occlusion or
stenosis of blood vessels of the lung. As a result of the said occlusion or stenosis, gas
exchange and blood supply of the pulmonary tissue will become impaired. Thus, the
physiologicat function of the lung becomes impaired. Pulmonary embolism as used herein
20 may be chronic or acute pulmonary embolism. Preferably, the term, however, refers to
acute pulmonary embolism. Pulmonary embolism can be diagnosed by well known
diagnostic techniques and is accompanied by symptoms as described in standard medical
text books.

25 A “subsequent pulmonary embolism-related complication™ as referred to in accordance
with the present invention is an adverse event and, preferably a cardio-pulmonary event,
including a further pulmonary embolism or any other impairment of the physiological
finction of the lung or the cardiovascular system which requires intervention such as
intubational measures, catecholamine administration or cardiopulmonary reanimation. The

30  subsequent pulmonary embolism-related complication shall occur within the predictive
time window after the primary pulmonary embolism the subject is suifering from.

The expression “predicting the risk of mortality” as used herein means that it the subject to
be analyzed by the method of the present invention is allocated either into the group of
35  subjects of a population having a normal, i.e. non-elevated, risk for mortality following
pulmonary embolism or into a group of subjects having a significantly elevated risk. An
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NMR spectrometers, mass- spectrometers etc.) or evaluation units/devices referred to
above m accordance with the method of the invention.

Moreover, the present invention also relates to a device for predicting the risk of mortality
or a further acute cardiovascular event for a subject adapted to carry out the method of the
present invention comprising means for determining the amount of GDF-15 and a
natriuretic peptide and/or a cardiac Troponin in a sample of a subject and means for
comparing said amounts to reference amounts, whereby it is predicted whether a subject is
at risk of mortality or a further acute cardiovascular event.

Further envisaged is a device for predicting the risk of an adverse cardiovascular
complication for a subject suffering from heart failurc adapted to carry out the method of
the present invention comprising means for determining the amount of GDF-15 in a
sample of the said subject and means for comparing said amount to a reference amount,
whereby it is predicted whether a subject is at risk of an adverse cardiovascular

complication.

The present invention also relates to a device for predicting whether a subject suffering
from pulmonary embolism is a risk of mortality or a subsequent pulmonary embolism-
related complication adapted to carry out the method of the present invention comprising
means for determining the amount of GDEF-15, preferably, in combination with a
natriuretic peptide and/or a cardiac Troponin in a sample of a subject suffering from
pulmonary embolism and means for comparing said amounts to reference amounts,
whereby it is predicted whether a subject is at risk of mortality or a subsequent pulmonary

embolism-related complication.

Furthermore, a kit for carrying out the method of the present invention for identifying a
subject being susceptible to a cardiac intervention or a therapy for heart failure is
envisaged by the present invention. Said kit comprising means for determining the amount
of GDF-15 in a sample of a subject and means for comparing said amounts to reference
amounts, whereby a subject being susceptible to a cardiac intervention or a therapy for

heart failure is identified.
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The term “kit” as used herein refers to a collection of the aforementioned means,
preferably, provided in separately or within a single container. The container, also
preferably, comprises instructions for carrying out the method of the present invention.

The present invention pertains to a kit for carrying out the method of the present invention
for predicting the risk of mortality or a further acute cardiovascular event comprising
means for determining the amount of GDF-15 and a natriurctic peptide and/or a cardiac
Troponin in a sample of a subject and means for comparing said amounts to reference
amounts, whereby it is predicted whether a subject is at risk of mortality or a further acute

cardiovascular event.

Also, the present invention relates to a kit for carrying out the method of the present
invention for predicting the risk of an adverse cardiovascular complication comprising
means for determining the amount of GDF-15 in a sample of a subject suffering from heart
failure and means for comparing said amount to a reference amount, whereby it is

predicted whether a subject is at risk of an adverse cardiovascular complication.

Finally, the present invention relates to a kit for predicting whether a subject suffering
from pulmonary embolism is a risk of mortality or a subsequent pulmonary embolism-
related complication adapted to carry out the method of the present invention comprising
means for determining the amount of GDF-15, preferably, in combination with a
natriuretic peptide and/or a cardiac Troponin in a sample of a subject suffering from
pulmonary embolism and means for comparing said amounts to reference amounts,
whereby it is predicted whether a subject is at risk of mortality or a subsequent pulmonary
embolism-related complication.

All references cited in this specification are herewith incorporated by reference with
respect to their entire disclosure content and the disclosure content specifically mentioned
in this specification.

The figures show:
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Figure 1: (A) Cumulative probability of acute myocardial infarction during 2 years
according to tertiles of GDF-15 levels on admission in 1034 non-invasive NSTE-ACS
patients (<1200 n=400, 1200 - 1800 n=394, >1800 n=240) enrolled in the FRISC Il trial
(P<0.0001 by log-rank test). (B) Cumulative probability of acute myocardial infarction
during 2 years according to tertiles of GDF-15 levels on admission in 1045 invasive
NSTE-ACS patients (<1200 n=416, 1200 - 1800 n=376, >1800 n=253) enrolied in the
ERISC II trial (P=0.6915 by log-rank test).

Figure 2: Cumulative probability of death during 1 year according to tertiles of GDF-15
levels on admission in 2081 patients with NSTE-ACS enrolled in the GUSTO-IV trial
(P<0.001 by log rank test).

Figure 3: Receiver operating characteristic (ROC) curve analyscs rclating biomarker
levels to I-year mortality in 2081 patients with NSTE-ACS enrolled in the GUSTO-IV
trial. The calculated areas under the curves were 0.757 for GDF-15, 0.735 for NT-proBNP,
0.728 for creatinine clearance, 0.629 for CRP, and 0.620 for troponin T.

Figure 4: Mortality at 1-year follow-up among strata of patients with NSTE-ACS enrolled
in the GUSTO-IV trial without (Panel A) and with a history of a previous myocardial
infarction (Panel B), according to tertiles of GDF-15 levels and NT-proBNP levels on
admission. The number of deaths per number of patients is shown for each column.

Figure 5: (A) Cumulative survival in patients with chronic heart failure from the
derivation cohort according to quartiles of GDF-15 (P<0.001 by log-rank test). (B)
Cumulative survival in patients with chronic heart failure from the validation cohort;
patients were stratified according to the cut-off levels defined in the derivation cohort
(P<0.001 by log-rank test). The number of patients at risk is shown at.the bottom.

Figure 6: Univariate predictors of mortality during follow-up in paticnts with chronic heart
failure from the derivation (A) and the validation (B) cohort. Hazard ratios with 95%
confidence intervals, Chi? and P values are shown. Creatinine, uric acid, NT-proBNP, and
GDF-15 were not normally distributed and therefore transformed to their natural
logarithms before analysis; hazard ratios refer to an increase of one unit in the natural
logarithms scale in these variables.
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Figure 7: (A) Survival rate without adverse events of patients within a time window of 30
days. Patients have been classified according to their GDF-15 levels (above or below 4,600
ng/L); (B) Survival rate for a 180 day time window.

The following Examples shall merely illustrate the invention. They shall not be construed,
whatsoever, to limit the scope of the invention.

Example 1: Determination of GDF-15, NT-proBNP and Troponin in serum and plasma
samples

To determine the concentration of GDF-15 in scrum and plasma samples, a
immunoradiometric assay (IRMA) using a polyclonai, GDF-15 affinity chromatography-
purified, goat anti-human GDF-15 IgG antibody from R&D Systems (AF957) was
developed. Maxisorp Startubes (Nunc) were coated overnight at 4°C with 0.5 nug anti-
GDF-15 IgG in 0.1 M Na-carbonate buffer (pH 9.0), and then washed twice with
phosphate-buffered saline with 0.1% Tween 20. Serum or plasma samples (100 ul) were
diluted 1:1 with assay buffer (30 g/l BSA, 10 g/l bovine IgG, 1% goat serum, 0.1% Na-
azide, 1 M NaCl, 40 mM Naphosphate buffer, pH 7.4), added to the tubes, and incubated
for 16 hours at 4°C. After two washing steps, 10 ng of [1251]-iodinated anti-GDF-15 IgG
(specific activity 0.74 MBq/jlg) were diluted in 200 pl assay buffer, added to each tube,
and incubated for 4 hours at room temperature, After three final washing steps, bound
radioactivity was quantified in a gamma counter (LKB Wallac 1261). In each experiment,
a standard curve was generated with recombinant human GDF-15 from R&D Systems
(957-GD/CF). The results with new batches of recombinant GDF-15 protein were tested in
standard plasma samples and any deviation above 10% was coirected by introducing an
adjustment factor for this assay. GDF-15 measurements in serum and plasma samples from
the same patient yielded virtually identical results after correction for eventual dilution
factors. The detection limit of the assay was 20 pg/ml. The intraassay coefficient of
variation determined for mean GDF-135 levels of 744, 1518, and 8618 pg/ml was 5.6, 5.9,
and 6.5%, respectively. The inter-assay coefficient of variation determined for mean GDI-
15 levels of 832, 4739, and 9230 pg/ml was 8.6, 5.7, and 4.4%, respectively.

Troponin T levels were determined by a third-generation assay on an Elecsys 2010
analyzer (Roche Diagnostics) with a detection limit 0.01 ng/ml.
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NT-proBNP levels were determined with an immunoassay on an Elecsys 2010 with a
detection limit of 20 pg/ml.

Example 2: Analysis of patients with NSTE-ACS of the FRISC II study for differences

between invasive and non-invasive treatment regimens

Patients were recruited into the FRISC II study between June 1996, and May 1998 in 58
Scandinavian hospitals, 16 of which were interventional centres. Patients were eligible for
inclusion if they had symptoms of ischaemia that were increasing or occurring at rest, or
that warranted the suspicion of acute myocardial infarction, with the last episode within 48
h before the start of dalteparin or standard heparin treatment. Myocardial ischaemia had to
be verified by electrocardiography (ST depression =20-1 mV or T-wave inversion 20-1 mV)
or by raised biochemical markers (creating kinase [CK]-MB >6 ug/L, troponin-T >0.10
ug/L, qualitative troponin-T test positive, or catalytic activity of CK, CK-B, or CK MB
higher than the local diagnostic limit for myocardial infarction). Exclusion criteria were
raised risk of bleeding episodes, anaemia, or indication for or treatment in the past 24 h
with thrombolysis, angioplasty in the past 6 months, being on a waiting list for coronary
revascularisation, other acute or severe cardiac disease, renal or hepatic insufficiency,
known clinically relevant osteoporosis, other severe illness, hypersensitivity to randomised
drugs, anticipated difficulties with cooperation or participation in this or another clinical
trial. Patients with previous open-heart surgery, advanced age (eg, >75 years), or other
disorders that made randomisation to early revascularisation inappropriate. The FRISC 1II,
study was a prospective, randomised, multicentre trial with parallel groups. We compared
invasive and non-invasive treatments by factorial design. Half of the patients in each group
were randomly assigned long-term treatment with subcutaneous dalteparin or placebo for 3
months. The comparison of the invasive and non-invasive strategies was open and the
comparison of long-term dalteparin treatment with placcbo was double-blind.

In the invasive groups, the target was to perform all invasive procedures within 7 days of
starting open-label dalteparin. The direct invasive treatments were coronary angiography
within a few days of enrolment, aiming for revascularisation within 7 days of the start of
open-label treatment. Revascularisation was rccommended in all patients with an
obstruction of at least 70% of the diameter of any artery supplying a substantial proportion
of the myocardium. Percutaneous coronary intervention was recommended if there were
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On admission, patients were initially treated with open-label subcutaneous dalteparin or
15  standard heparin infusion adjusted for activated partial thromboplastin time. From
randomisation, all patients received dalteparin, 120 IU/kg every 12 h subcutancously
(maximum dose 10 000 1U), for at least 5 days in the non-invasive group and until
procedures were done in the invasive group. Thereafter, paticnts reccived twice-daily
subcutaneous injections of dalteparin or placebo. Women who weighed less than 80 kg and
20 men who weighed less than 70 kg received 5000 IU dalteparin or placebo, and those who
weighed more than these values received 7500 IU. This regimen was continued for 3
months, with patients self-injecting from prefilled single-dose syringes after discharge
from hospital. The last injection of open-label or double-blind dalteparin treatment was
given no later than 12 h before coronary procedures. Afier angioplasty, dalteparin or
25 placebo were restarted 2-6 h after sheath removal. After administration of an infusion of
the glycoprotein IIb/IIla inhibitor abciximab, dalteparin or placebo were not restarted until
24 h after infusion. After coronary-artery bypass surgery, all patients received open-label
dalteparin 5000 TU twice daily until mobilisation, and double-blind treatment was started a
few days before discharge. The compliance was monitored by asking patients to record all
30  injections in diaries and by counting returned or unused syringes at outpatient visits.
Aspirin was administered to all patients on admission at an initial dose of 300-600 mg,
followed by a maintenance dose of 75-320 mg once daily. p-blockade was given unless
contraindicated. Organic nitrates and calcium antagonists could be added as required.
Lowering of cholesterol with statins, angiotensin converting-enzyme inhibitors for lefi-
35  ventricular dysfunction, and aggressive antidiabetic treatment were recommended
according to modern treatment guidelines. The use of abciximab was encouraged during
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percutaneous coronary interventions. Ticlopidine was recommended for 3—4 weeks after
stent placement, On admission, or at the latest at randomisation, blood samples were
locally analysed for haemoglobin concentrations, white-cell count, platelet count,
prothrombin time, creatinine, glucose, haemoglobin A0 if necessary, triglycerides,
cholesterol, HDL cholesterol, and LDL cholesterol. Biochemical markers of myocardial
damage were analysed at entry, after new episodes of severe chest pain, and before and 4-
24 h after revascularisation. The most frequently used marker of myocardial damage was
CK-MB mass, but some centres used catalytic activity of total-CK, CK-B, or both.
Quantitative determination of troponin-T was available in most hospitals. For screening
purposes we provided all centres with a qualitative test for troponin-T, the second-
generation Cardiac-T (Roche-Boehringer Mannheim, Mannheim, Germany). At
randomisation, blood samples from all patients werectaken and stored frozen at —70°C for
central analysis of troponin-T and other markers. Conventional 12-lead
clectrocardiography was done on admission, at randomisation, within 24 h before invasive
procedures, at hospital discharge, at 3-month and 6-month outpatient visits, and on any
suspicion of recurrent unstable angina or myocardial infarction. Patients in the non-
invasive group who had no contraindications did a symptom-limited bicycle exercisc
test16 before discharge. Echocardiography with a standard assessment of left-ventricular
function was done in 1951 patients before discharge and always before invasive
procedures. All exercise-test results and echocardiograms were sent to a central laboratory

for assessment,

The primary objective was to compare the effects of invasive and non-invasive strategy on
the composite endpoint of death and myocardial infarction after 6 months. Other
predefined endpoints were total death, myocardial infarction, symptoms of angina, need for
late coronary angiography and revascularisation, bleeding episodes, and stroke. Myocardial
infarction was defined by the occurrence of two of the three conventional criteria—typical
chest pain, diagnostic electrocardiography recording (mainly new Q-wave), or a raised
biochemical marker of myocardial damage according to the following definitions. For non-
procedure-related myocardial infarction: concentration of CK-MB mass higher than the
local hospital's diagnostic limit for myocardial infarction at one measurement; catalytic
activity of CK, CK-B, or CK-MB higher than the local limit at two subsequent
measurements; catalytic activity of CK, CK-B, or CK-MB higher than the double local
limit at one measurement. For myocardial infarction in relation to percutaneous coronary
intcrventions: CK-MB mass 1.5 times the local hospital's diagnostic limit for myocardial
infarction at one measurement; catalytic activity of CK, CK-B, or CK-MB at one
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Example 3: Analysis of the patients with NSTE-ACS from the GUSTO-TIV study for short
and long term mortality and myocardial reinfarction

The investigated samples were from patients of the GUSTO-IV trial in NSTE-ACS
patients performed between 1999 and 2000. The detailed design and main results of the
trial have been published (Simoons 2001, Lancet 98:351-360; Ottervanger 2003,
Circulation, 107: 437-442) Eligible patients were at least 21 years, with one or more

10 episodes of angina lasting at least 5 minutes, within 24 hours of admission, and either a
positive cardiac troponin test or at least 0.5 mm of ST-segment depression. Patients were
randomly assigned to abciximab or placebo infusion for 24 hours or 48 hours in addition to
standard medical treatment. During 30 days of follow-up, all-cause mortality and the rate
of adjudicated myocardial infarctions were recorded. At 1-year follow-up, only all-cause

15 mortality information was collected. In a substudy of 399 consecutive patients recruited at
Swedish sites, serial plasma samples were available on admission (ie. at baseline), and at
24 hours, 48 hours, and 72 hours, which were the first to be analyzed in the present study.
Based on the significant results in this cohort, it was decided to analyze GDF-15 levels in
serum samples taken on admission from another 1682 random paticnts in the trial to obtain

20 at least 2000 patients, and to be able to investigate the interactions with other prognostic
biomarkers, i.e. troponin T, NT-proBNP, CRP, and creatinine clearance.

Plasma samples were also obtained from apparently healthy subjects included in the
SWedish women and men and ISCHemic heart disease (SWISCH) study. This population

25 consisted of 429 elderly individuals that were matched for age and gender with another
contemporary NSTE-ACS population included in the FRagmin and fast revascularization
during InStability in Coronary artery disease (FRISC) II trial. The detailed design and
some biomarker results of the SWISCH trial have been published. Subjects with an
abnormal resting 12-lead ECG, cardiovascular medication, established cardiovascular

30 disease, other chronic disease, or acute illness were excluded from the control population.
All SWISCH participants were required to demonstrate normal levels of creatinine, blood
glucose, and hemoglobin, and normal white blood cell and platelet counts.




<0.001 0.283 <0.001 0.203 <0.001 <0.001 <0.001 <0.001 <0.001
Estimated odds ratio (95% Cl) 1.044 (1. géS t03102;)7) 11.1%24 (()szgot go
764) 0.9 40 1.010) 1.674 (0.930 to . § .71

699§ 1. 33@0% g%sto 2.192) 1.396 (0.883 to 2.207) 1.BFEEPWIBGHN,
664) 1.904 (1.224 to 2.963) 0.583 (Q3311 to 1.093) 1.161 (0.647 to
084) 1.068 (0.603 to 1.889) 1.085 (0.948 to 1.241) 1.296 (1.063 to
.580) 1.045 (0.888 to 1.230) 0.995 (0.982 to 1.009) 2.197 (1.431 to
371) P Value 0.006 0.574 0.185 0.086 0.658 o 163 0.153 0. 746 0.004

2°0.617..0,:-822..0. 236..0. 010 0. 596 0. 494 <O.
20081 015555 ECI e BT 07 Prosited e phmiies ang Fronorie. Gantiaupys e are
nat ural | o&f¥en shsdist ahd 1I‘a<srqumle\xamgeabﬂ?mpa:mommm mnﬁnud\fﬁ-\ﬁh@lﬂ%et@%
fo
and COF- 1%4@/@d bRl WoftPthahirel g ronliatieic AAAARRAD PELOIE, calyare

gzgl %ézhs ! Wﬁ% becf«gg)np% H]IBQ \6:? S E+lS pagd tbé?th? characteristics, and the levels of

troponin T, NT-proBNP, CRP, and creatinine clearance, within tertiles of GDF-15, both
Spearman’s rank-correlation coefficients between GDF-15 level and these factors and the

CwrErNERERE

Cochran-Armitage trend test for relations between proportions in several groups were used.
Spearman’s correlation coefficients and the Wilcoxon signed rank test were used to

10 compare the changes of GDF-15 within the patient group over time. The differences in
proportions in outcome events (myocardial infarction at 30 days, death at 30 days,
myocardial infarction and death at 30 days, death at 1 year) in tertiles of GDF-15 Ievels
were judged by the Cochran-Armitage trend test. The Kaplan-Meier method was used to
illustrate the timing of events during follow-up in relation to tertiles of GDF-15 and

15 statistical assessment was performed using the log-rank test (Figure 2). Simple logistic
regression analyses were used to identify predictors of death at 1 year. All variables were
then tested in a multiple logistic regression analysis. For additional comparison of the
prognostic values of GDF-15, troponin T, NT-proBNP, CRP, and creatinine clearance
concerning death at 1 year, receiver operating characteristic (ROC) curves were generated,

20 and the areas under the curves were calculated (Figure 3). All data analyses were
performed using the SAS 9.0 statistical program.

GDI~-15 Levels in Apparently Healthy Control Subjects

25 The controls consisted of 288 men (67.1%) and 141 women (32.9%) with a median age of
65 years (interquartile range, 59 to 71 years) out of whom 14.5% were current smokers.
The median GDF-15 level in this population was 762 pg/ml, with 460 762 pg/ml and 1191
pg/ml as the 10™ and 90" percentiles, respectively. The upper limit of normal (ULN) was
therefore rounded to 1200 pg/ml. The median (interquartile range) levels of NT-proBNP,

30 CRP, and creatinine clearance were 74 (46 to 113) pg/ml, 1.40 (0.79 to 2.40) ug/ml, and 73
(62 to 86) ml/min, respectively. GDF-15 levels were positively correlated to age
Spearman’s tho=0.21; P<0.001) and inflammatory activity (CRP, tho=0.18; P<0.001), and
inversely correlated to creatinine clearance (tho= -0.14; P=0.002). There were no
significant correlations to gender, cmrent smoking, or NT-proBNP in this group.

35
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GDF-15 Levels on Admission in NSTE-ACS Patients

The NSTE-ACS paticnts consisted of 1315 men (63.2%) and 766 women (36.8%), with a
median age of 66 years (interquartile range 57 to 74 years). Although the patients were

5  slightly older than the healthy controls (P=0.014), the two cohorts were well comparable
concerning age and gender. There was no influence of the randomised abeiximab treatment

on GDF-15 levels measured at any time point, and therefore, the randomised groups were
combined. The time from symptom onset to admission, the prevalence of cardiovascular

risk factors, previous manifestations of and treatments for cardiovascular disease, and ECG

10 signs of ongoing ischemia, and the baseline levels of troponin T, NT-proBNP, CRP, and
creatinine clearance in this patient population are presented in Table 2. The NSTE-ACS
patients displayed significantly (P<0.001) higher GDF-15 levels compared to the healthy
controls ; the median was 1445 pg/ml, and 850 pg/ml, 1187 pg/ml, 1817 pg/ml, and 3314
pg/ml marked the 10th, 33rd, 66th, and 90th percentiles, respectively. Accordingly, about

15 two thirds of the NSTE-ACS patients had GDF-15 levels above the ULN (90th percentile)
in healthy controls. As this ULN corresponded to the lower tertile in patients, the patient
material was stratified in tertiles (cut off limits 1200 and 1800 pg/ml) when related to

outcome,

20
Relation between GDF-15 Levels and Clinical and Biochemical Factors in NSTE-ACS

Increasing tertiles of GDF-15 on admission were positively associated with age, female
gender, history of hypertension and diabetes, previous manifestations of cardiac disease,
25 ie. angina pectoris, myocardial infarction, coronary revascularization, and heart failure,
ACE inhibitor therapy, and also with markers of ongoing ischemia and necrosis,
myocardial dysfunction, and inflammation, as indicated by ST-segment depression, and the
levels of troponin T, NT-proBNP, and CRP (Table 2); GDF-15 levels were inverscly
related to current smoking and creatinine clearance (Table 2). In a multiple regression
30 analysis using the natural logarithm of GDF-15 as the dependent variable, the following
factors were significantly associated with GDF-15: age (P<0.001), male gender (P<0.001),
time from symptom onset to admission (P=0.006; inverse relation), current smoking
(P<0.001), diabetes (P<0.001), history of heart failure (P<0.001), ST-segment depression
(P=0.050), NT-proBNP (P<0.001), CRP (P<0.001), and creatinine clearance (P<0.001;
35 inversc relation). There was no independent relation to the level of troponin T (P=0.436).
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GDF-13 Levels and Mortality in NSTE-ACS
10
The risk of death in patients with NSTE-ACS during follow-up increased markedly with
increasing levels of GDF-15 on admission (Figure 2). The Kaplan-Meier mortality curves
for the different tertiles showed an early separation, with 30-day mortality rates of 0.6%,
2.0%, and 4.3%, respectively (P<0.001). Separation of the curves continued throughout the
15 first year after the index event, and after 1 year of follow-up, mortality rates were 1.5%,
5.0%, and 14.1% in the respective tertiles (P<0.001). ROC analyses further illustrated that
GDF-15 is a strong biochemical indicator of mortality with an area under the curve (AUC)
of 0.757, as compared to NT-proBNP (AUC=0.735), creatinine clearance (AUC=0.728),
CRP (AUC=0.629), and troponin T (AUC=0.620) (Figure 3). By simple logistic regression
20  analysis, age, history of hypertension, diabetes, previous angina pectoris or myocardial
infarction, history of congestive heart failure, and the levels of troponin T, NT-proBNP,
CRP, creatinine clearance, and GDF-15 were all related to 1-year mortality (Table 4).
Using a multiple logistic regression approach, age, previous myocardial infarction, and
increased levels of NT-proBNP and GDF-15 emerged as the only independent predictors
25 (Table 4). Among these independent risk indicators, the GDF-15 level emerged as the
strongest predictor of mortality (Table 4). The results were unchanged when using a
backward stepwise approach or stratification of GDF-15 levels and the other biomarkers in
tertiles. Also when added one at a time in stepwise sclection, the only variables left
significant were age, previous myocardial infarction, NT-proBNP and GDF-15. Notably,
30 GDF-15 levels measured on admission or at later time points in the cohort of 399 patients
provided similar prognostic information on 1-ycar mortality although it seemed that the
GDF-15 levels within the initial 24 hours had the highest predictive value (Table 5).
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Table 4: Logistic Regression Analyses for 1-Year Mortality in 2081 Patients with NSTE-
ACS in Relation to Baseline Characteristics, Medical History, and Measurements on

Admission
Univariate model Multivariate model
Estimated odds ratic P Value Estimated odds ratio P Value
(95% CI) (95% CI)
Age (per year) 1.087 (1.066 to 1.108) <0.001 1.044 (1.013 to 1.077)  0.006
Gender (male vs. 0.723 (0.51310 1.018)  0.064 1.134 (0.730 to 1.764)  0.574
female)
Time from symptoms ~ 0.995 (0.971 to 1.020) 0.695 0.980 (095110 1.010) 0.185
(per hour)
Current smoking 0.727(0.466 to 1.135)  0.161 1.674 (0.930 to 3.012) 0.086
History of 1.796 (1.265 to 2.550)  0.001 1.102 (0.715 to 1.699) 0.658
hypertension '
History of 1.016 (0.692 to 1.490) 0.936 1.386 (0.876 to 2.192) 0.163
hypercholesterolemia !
Diabetes mellitus 2.251 (1.564 t0 3.240) <0.001 1.396 (0.883 to 2207y 0.153
Previous angina 1.727 (1.221 to 2.445)  0.002 1.075 (0.694 to 1.664) 0.746
pectoris
Previous myocardial ~ 2.945 (2.087 to 4.156) <0.001 1.904 (1224 10 2.963)  0.004
infarction *
Previous 0.746 (0.437 to 1.273)  0.283 0.583 (0.311 to 1.093) 0.092
Revascularization |
History of heart 3.404 (2.124 to 5.454) <0.001 1.161 (0.647 to 2.084) 0.617
failure !
ST-segment 1.348 (0.851t0 2.134)  0.203 1.068 (0.603 to [.889) 0.822
depression 20.5 mm
Troponin T 2 1.255(1.141 to 1.381)  <0.001 1.085 (0.948 to 1.241) 0.236
NT-proBNP 2 1.902(1.674 to 2.161) <0.001 1.296 (1.063 to 1.580) 0.010
CRP? 1.453 (1278 to 1.654) <0.001 1.045 (0.888 to 1.230) 0.596
Creatinine clearance *  0.962 (0.954 to 0.971 ) <0.001 0.995(0.9821t0 1.009) 0.494
GDF-152 4.817 (3.625 t0 6.402) <0.001 2.197 (1431 to 3.371) <0.001
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" For yes; % for one unit in the natural logarithms scale as the variables troponin T,
NT-proBNP, CRP, and GDF-15 were transformed to their natural logarithms before
analysis; * for 1 mL/min change.

Table 5: GDF-Tertiles at Baseline and Follow-up as Predictors of 1-Year Mortality

1-Year mortality according to GDF-15 levels at

Baseline 24 hours 48 hours 72 hours
GDF-15 <1200 ng/L 1(0.8) 325 327 5(4.5)
GDF-15 1200-1800 ng/L. 3 (2.4) 0 (0) 5(4.3) 2017
GDF-15 > 1800 ng/L 19 (12.7) 20 (12.1) 15 (8.7) 16 (9.5)
P Value* <0.001 <0.001 0.037 0.051

10 Ina cohort of 399 patients, GDF-15 levels were determined on admission (baseline), and
after 24 hours, 48 hours, and after 72 hours. At cach time point, patients were stratified in
tertiles according to their GDF-15 levels. The number (%) of deaths at 1 year according to
GDF-15 tertiles are presented. *Cochran-Armitage trend test.

15
GDF-15 Levels and the Risk of Recurrent Myocardial Infarction in NSTE-ACS

The GDF-15 level on admission was also strongly related to the risk of the composite end-
point of death or recurrent myocardial infarction at 30 days. With rising tertiles of GDF-15,

20 the risk of death or myocardial infarction at 30 days was 5.0, 6.9, and 10.8%, respectively
(P<0.001). This relationship was mainly driven by the association of GDF-15 with
mortality. Although, the risk of a subsequent myocardial infarction within 30 days after the
index event was significantly related to increasing tertiles of GDF-15, with rates of 4.8,
5.6, and 7.2%, respectively (P=0.048), there was no independent relation between GDF-15

25 and the rate of recurrent myocardial infarction at 30 days by multiple logistic regression
analysis.

Combination of GDF-15 with Markers of Prognosis in NSTE-ACS
30




102 99 0.430 (84- 137) (90 - 115) Crea clearance [nl/minja 71.5
68.4 0.638 (45.6 -90.8) (53.8 - 88.8) Hempglobin [g/dLr 13.8 14.0

(12w 200961594 (13.1 - 14.8) NT-proBNP [ ng/L] PCT/EP2007/058007

0. 108

10

15

20

25

35

_472 .

The multiple logistic regression analyses showed that GDF-15 and NT-proBNP were the
only biomarkers with an independent prognostic importance for mortality. Tertiles of these
markers were therefore combined and used on top of the independent clinical predictor of
mortality, previous myocardial infarction. The results illustrate that a combination of
increasing fertiles of GDF-15 and NT-proBNP levels provided additive prognostic
information, and identified strata of patients with a 1-year mortality rate ranging from 0.3
to 13.7% in patients without a history of a previous myocardial infarction, and from 4.7 to
23.6% in patients with a previous myocardial infarction (Figure 4). These relationships
were further modified only by the age of the patient, with a 4.4% relative change in
mortality risk for every one year of age (Table 4).

Example 3: Prognostic utility of GDF-15 in paticnts with chronic heart failure

The relation of GDF-15 levels to clinical and biochemical baseline parameters and survivai
in a cohort of 235 patients with CHF enrolled at four European centers in Athens (Greece,
n=51), London (United Kingdom, n=89), and Wroclaw / Zabre (Poland, n=95) (derivation
cohort) was initially investigated. In the validation cohort, we prospectively evaluated the
principle hypothesis from the derivation cohort, i.c. that increased circulating levels of
GDF-15 provide independent prognostic information in patients with CHF. The validation
cohort included 220 patients with CHF who were recruited in Verona (Italy). All patients
participated in projects designed to investigate novel neurohormonal and inflammatory
prognostic biomarkers in chronic heart failure and provided written informed consent. In
all patients, the diagnosis of CHF was based on symptoms and clinical signs, and evidence
of left ventricular enlargement or systolic functional impairment by radionuclide or
invasive ventriculography, or echocardiography. All patients had a history of CHF for at
least six months and were stable on medication for at least four weeks prior to the study.
Patients with myocardial infarction within the past 12 weeks, known inflammatory or
malignant disease, or creatinine levels >400 pmol/L, were cxcluded. The institutional ethics
committees of all participating study sites approved the protocol.

Patients were followed by outpatient assessments and telephone contact. Survival status
was censored on May 25, 2005 in the derivation cohort and on May 31, 2006 in the
validation cohort. No patient was lost to follow-up. The primary end point of the study was
all-cause mortality. In the validation cohort, information on the cause of death was also
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available. Nine patients undergoing heart transplantation were censored alive at the time of

the event,

Venous blood samples were drawn after >10 minutes of rest in a semi-recumbent position
for assessment of GDF-15 and other parameters. GDF-15 concentrations were determined
by an immunoradiometric assay (IRMA) using a polyclonal, GDF-15 affinity
chromatography-purified, goat anti-human GDF-15 IgG antibody from R&D Systems
(AF957), as recently described. All GDF-15 measurements were performed at Hannover
Medical School by investigators that were not aware of patients’ characteristics and
outcomes. NT-proBNP levels were determined by a chemiluminescence immunoassay
(ELICIA, Roche Diagnostics). Creatinine, uric acid, and hemoglobin measurements were
performed at the participating study centers, Creatinine clearance was calculated according
to the Cockeroft and Gault equation.

Bascline characteristics are expressed as median (25™ and 75" percentiles), mean +
standard deviation, or absolute numbers and percentages, as appropriate. The Kolmo gorov-
Smirnov test was used to test for a normal distribution of continuous variables. Continuous
variables were compared by Mann-Withney test or unpaired Student’s t-test. Comparisons
between strata of patients were performed by Kruskal-Wallis test or ANOVA. Proportions
were compared by using the chi-square test. Multiple regression analyses were applied to
identify factors that were independently associated with GDF-15 levels. Univariate and
multivariate Cox proportional hazards analyses were employed to assess prognostic
associations. Kaplan-Meier plots were used to illustrate the timing of events during follow-
up in relation to GDF-15 levels and statistical assessment was performed by Cox
regression analysis. For additional comparison of the prognostic values of GDF-15,
creatinine, uric acid, hemoglobin, and NT-proBNP, receiver operating characteristic
(ROC) curves were generated, and the areas under the curves (AUCs) were calculated. All
data analyses were performed using either StatView 5.0.1 or MedCalc 8.2.0.3 (ROC

analyses) statistical programs.

The derivation cohort consisted of 235 patients with a median age of 66 years (25™ and
75" percentiles, 56 — 72). The clinical and biochemical characteristics of the patients are
summarized m Table 6. The median GDF-15 level was 2240 (1232 — 4010} ng/L.
Approximately three quarters of the patients (75.3%) presented with GDF-15 levels above
1200 ng/L, the upper limit of normal (ULN) in apparently healthy elderly subjects. GDF-
15 levels were closely related to NYHA functional class: NYHA I: 850 (646 — 1747) ng/L,




13- Bl ockers 112 (47.7) 146 (66.4) <0.001 Diuretics 167 (71.1) 194
(88.2) <0.001 Spironolactone 58 (24.7) 50 (22.7) 0.703 Uic acid ;
[[trol /L] bwWwie2o88325. 392 (345 - 529) (330 - 450) \Vval }Jpé‘T,gf)ﬁ)?»f}OSgO@é,
medi an (2 Smand 75 percentiles), or neanSD. 'Data available from 216
patients in the derivation cohort and-¥48 patients fromthe
val i dati on cohort; bdata from 207 patients in the validation cohort;
“data from 214 patients in the validation cohort. BML denotes body
mass i ndexXYEVEH: 162k (103&nt2563Lhall, BjY&EA iTBNn 25 Ha@B8HR;3688Eng/L, NYHA IV:
angi ot ensi4865r@TEPL @B0P) AYKP<0.0¥OLZ0RG9 1R IAPCTNERZAN B0 he Tower
quartile boundary in the derivation cohort, patients were stratified in quartiles (cut-off
limits, 1200, 2200, and 4000 ng/L) for further analyses. Out of 235 patients in the
5 derivation cohort, 68 (28.9%) died during follow-up. The 12- and 18-month mortality rates
were 15.0% (95% CI, 10.3 — 19.7) and 22.9% (95% CI, 16.5 — 29.3), respectively. The risk
of death during follow-up increased markedly with increasing quartiles of GDF-15 (Figure
5A). The mortality rates were 2.0, 8.7, 10.5, and 37.5% at 12 months, and 2.0, 23.8, 19.1,
and 45.6% at 18 months in the respective quartiles (P<0.001).
10
The validation cohort consisted of 220 patients with a median age of 63 (58 — 69) years.
Patients in the validation cohort were less symptomatic (NYHA class), presented with
lower NT-proBNP levels, and were treated morc often with ACE inhibitors or angiotensin
receptor blockers, f-blockers, or diuretics, but had similar age, gender distribution, body
15 mass index, heart failure etiology, LVEF, renal function, uric acid and hemoglobin levels
as compared to the derivation cohort (Table 6). The median GDF-15 level was 1465 (1004
— 2194) ng/L, which was significantly lower than in the derivation cohort (Table 6); 60.5%
of the patients in the validation cohort presented with GDF-15 levels above the ULN.
GDF-15 levels were closely related to NYHA functional class in the validation cohort:
20 NYHAI: 1106 (849 — 1682) ng/L, NYHA II: 1294 (1007 — 1945) ng/L, NYHA IiI: 1903
(1122 - 2650) ng/L, NYHA IV: 4147 (1971 — 5905) ng/L (P<0.001 for trend),

Table 6: Patients’ Characteristics
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(84 - 137) (90 115)
Crea clearance [mI/min]* 71.5 68.4 0.638
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(345 - 529) (330 - 450)

Values are n (%), median (25 and 75" percentiles), or meantSD. ‘Data available from
216 patients in thts derivation cohort and 198 patients from the validation cohort; "data
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Out of 220 patients in the validation cohort, 49 (22.3%) died during follow-up. The 12-,
18-, and 60-month mortality rates were 4.6% (95% CI, 1.9 — 7.3), 6.9% (95% CI, 3.6 —
10.2), and 18.6% (95% CI, 13.3 — 23.9), respectively. Using the cut-off limits established
in the derivation cohort, increasing levels of GDF-15 were closely related to all-cause
5 mortality (Figure 5B). The mortality rates were 3.5, 3.8, 8.0, and 6.3% at 12 months, 5.9,
3.8, 10.7, and 26.3% at 18 months, and 10.7, 16.2, 27.2, and 53.1% at 60 months in
patients with GDF-15 levels <1200 ng/L, between 1201 and 2200 ng/L, between 2201 and
4000 ng/L, and >4000 ng/L, respectively (P<0.001). Both, patients who died from
progressive heart failure, and patients who died suddenly had significantly higher GDF-15
10 levels as compared to the survivors (Table 7).

Table 7: Multivariate Cox Regression Analysis for All-Cause Mortality

Derivation Cohort Validation Cohort
Characteristics HR (95% CI) P Value HR (95% CI) P Value
Age (per 10 years) 1.158 (0.906-1.479)  0.241 1.190 (0.776-1.826)  0.425
Male gender 3.491(0.787-15.49)  0.100 1.018(0.369-2.811)  0.973
Ischemic etiology 1.101 (0.627-1.931)  0.738 1.009 (0.525-1.939)  0.979

LVEF (per 10% decrease) 1609 (1.241-2.086) <0.001 1.843 (1.177-2.885)  0.008
NYHA class (per class) 1296 (0.889-1.891)  0.177 1.039 (0.640-1.688)  0.877

Ln Creatinine 2.329 (0.939-5.781)  0.068 0.523 (0.102-2.684)  0.437
Ln Uric Acid 0.903 (0.398-2.047)  0.806 0.817 (0.239-2.787)  0.747
Hb (per 1 g/dL decrease} 1094 (0.939-1273) 0248 0.952 (0.758-1.197)  0.676
Ln NT-proBNP 1.076 (0.836-1.386)  0.569 1.153 (0.824-1.613)  0.407
Ln GDF-15 2.156 (1.307-3.566) ~ 0.003 2.888 (1.345-6.200)  0.007

Hazard ratios (HR) with 95% confidence intervals (CI) and P values are shown. Creatinine,

15 uric acid, NT-proBNP, and GDF-15 were not normally distributed and therefore
transformed to their natural logarithms before analysis; hazard ratios refer to an increase of
one unit in the natural logarithms scale in these variables. Hb denotes hemoglobin.

Several clinical characteristics and biochemical parameters are indicative of a poor
20 prognosis in paticnts with CHF, and univariate Cox regression analyses confirmed the
utility of a number of these established markers in both patient cohorts (Figure 6, A and B).
Advanced age, higher NYHA class, reduced LVEF, lower creatinine clearance, and
increased levels of creatinine and NT-proBNP were associated with an increased risk of
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death in both cohorts. Increased levels of uric acid, reduced body mass index, and reduced
hemoglobin concentrations predicted all cause mortality in the derivation cohort only.
Consistent with the data shown in Figure 5, higher levels of GDF-15 were associated with
a significant increase in mortality in both cohorts. By multivariate Cox regression analysis,
GDF-15 and LVEF emerged as the only independent predictors of all-cause mortality, both
in the derivation and the validation cohort (Table 7). The results were unchanged with
GDF-15 as a continuous variable. In the combined material, GDF-15 (P<0.001), together
with LVEF (P<0.001) and age (P=0.003) emerged as independent predictors. When body
mass index and creatinine clearance (data available from 408 patients) were included in the
model, GDF-15 (P<0.001), together with LVEF (P<0.001) and creatinine clearance
(P=0.045) independently predicted all-cause mortality. ROC curve analyses further
illustrated that GDF-15 is a strong biochemical indicator of mortality with an area under
the curve (AUC) of 0.830 (95% CI, 0.783 — 0.870), which was not significantly different
(P=0.523) from the AUC of NT-proBNP (0.852; 95% CI, 0.806 ~ 0.890), but significantly
(P<0.001) greater than the AUCs for creatinine (0.646; 95% CI, 0.589 — 0.700), uric acid
(0.657; 95% CI, 0.598 — 0.708), and hemoglobin (0.655; 95% CI, 0.598 — 0.708). The best
GDF-15 level for predicting mortality after 18 months in the combined patient population
was 2729 ng/L (sensitivity, 81.1%; specificity, 71.2%; positive likclihood ratio, 2.81)
Additional ROC curve analyses indicated that 2729 ng/L was also the best cut-off value to
predict mortality after 12 months (data not shown).

Example 4: Prognostic utility of GDF-15 in patients with pulmonary embolism

The amount of GDF-15 has been determined in scrum samples of a cohort of 123 patients
suffering from acute pulmonary embolism as described in the Examples before. Patients
suffering from pulmonary embolism showed significantly increased median levels for
GDF-15 (2,196 pg/ml; percentiles 25.-75.: 1,333 to 3,457 pg/ml) in comparison to healthy
individuals (p<0.001). Specifically, 82% (n=101) had GDF-15 Icvels higher than the upper
limit of normal of 1,200 pg/ml. Patients which developed severe complications (intubation,
catecholamine administration or cardiopulmonary reanimation required) or which died
within 30 days upon sampling (n=17) exhibited serum levels of up to 6,039 pg/ml in the
median and percentiles 25.-75. of 2,778 to 19,722 pg/ml while patients which showed no
complications had serum levels of 2,036 pg/ml in the median and percentiles 25.-75. of
1,279 pg/ml to 3,176 pg/ml (p<0.001). Evaluation of the data showed that a GDF-15 level
of more than 4,600 pg/ml indicates a 10-times increase risk of developing complications or




1.076 (0.836-1.386) 0.569 1.153 (0.824-1.613) 0.407 Ln GDF-15 2.156
(1.307-3.566) 0.003 2.888 (1.345-6.200) 0.007 Hazard ratios (HR) with
95% conf i devzzoog/msessval s (Cl) and P val ues are shown. C@@ﬂ&bﬂhﬂ@w%ﬁS
uric acid, NT-proBNP, and GDF-15 were not normally distributed an
therefore transformed to their natural-48cgarithns before anal ysis;
hazard ratios refer to an increase of one unit in the natural

| ogarithnms_scale in these variables. Hbo denotes henogl obin. Several
clinical clathbeehr sisk ingreaprd e SHBMite 52.2%apshed oy sediimire AdAYaWitlia sbi
a poor 20 mémEnaetis ichapdll ikfdaSedMpt tB 7GHmeABAILR BsIRLE Kie 7 (B).
regression anal yses confirmed the utility of a nuhber” of these
establi shed markers in both patient cohorts (Figure 6, A and B)
Advanced age, hi gher NYHA cl ass, reduced LVEF, | ower creatinine

cl earance, and increased |evels of creatinine and NT-proBNP were
associated with an increased risk of WD 2008/ 015254PCT/ EP2007/ 058007
- 47 - death in both cohorts. Increased levels of uric acid, reduced
body nmass index, and reduced henogl obin concentrations predicted al
cause nortality in the derivation cohort only. Consistent with the
data shown in Figure 5, higher levels of GDF-15 were associated with
a significant increase in nortality in both cohorts. By nultivariate
Cox regression anal ysis,




5 GDF-15 and LVEF energed as the only independent predictors of
all-cause nortality, both in the derivation and the validation cohort
(Table 7). The results were unchanged with GDF-15 as a continuous
variable. In the conbined material, Go-15 (P<0.001), together with
LVEF (P<0.001) and age (P=0.003) energed as independent predictors.
When body mass index and creatinine clearance (data available from
408 patients) were included in the 10 nodel, GDF-15 (P<0.001),:
together wi'th LVEF (P<0.001) and creatinine clearance (P=0.045)

i ndependent|y predicted all-cause mortality. ROC curve anal yses
further illustrated that GDF-15 is ac—lgl%ng bi ochem cal indicator of
nortality with an area under the curve (AUC) of 0.830 (95% Cl, 0.783
- 0.870), which was not significantly. different (P=0.523) fromthe
AUC of NT-proBNP (0.852; 95% Cl, 0.806 - 0.890), but significantly 15
(P<0.001) greater than the AUCs for creatinine (0.646; 95% Cl, 0.589
- 0.700), urjc gcid (0.657, 95%Cl, 0.398 - 0,7Q08), and henogl obin
(0. 655: )-95%“&",3 F‘é’ég‘??"“gf'“ﬁo%ﬁ‘%gef’h@ F@gtﬂéaﬁﬁfﬂﬁ "Pfévameﬁlcﬂ*htwgw % 4CHte
nortality afd)ﬁj‘naé&yﬁmah[&%minﬂriﬂ% conbi ned patient popul ati on was 2729
ng/ L (sensi t'Bvi ty, 81.1% specificity, 71, 2% positive |ikelihood
ratio, 2.81)) AddEEEEHAMEREE pupk of e ydediliegatiatian dactondf @DIB1Hgin a
was al so the bestloel! sedlch o¥ a k8n ' r [ A . one
nont hs (data not shown). Exgir?gﬁe%ma%%gﬁ%g fgaur{elall :0% odgagﬁﬂee%’gnlh?ln’
patients with puP‘Pﬁ)nary enbol i sm 25 The anmount of GDF-15 has been
determ ned b SCEMRSHIIMEASne 8 EBI1S AObrkES NSNS 2 JWLLSES Mlount
from acute pul nonary enbolism as described 1 n the npl es before.
Patients sufferi %I%P&H’HUWW%@ azyet PEEPEHS Wrrdersthan] 00 ey iy indica-

i ncreased nedi ang : z : 1 ; - 7h. .
1,333 to 3,457 pé#ﬁé)ﬁ_ b?ﬁ%ﬁfﬁ#‘%ﬁﬁg‘a‘?ﬁﬂ??%%%E%Hsﬁfdpég‘.’%‘b’fy.
Specifical ly, 82Wventami)selgiad Gom 8 greve kensistigh of pervetandoks coppay B0
limt of normal OQ:r B4, } I 0 r
conplications (i%%ﬁ%ség’i gerf , catljescﬁgl?%@nﬂ%gj g@’lr)n&% g)t% ir{(gﬂnl gr? %@%Yf fiser an-
car di opul nonary gieglastyrend eeronasy) stentaigiplantatighi wibypkise topledtition. 30 days
upon sanpling (n=17) exhibited serumlevels of up to 6,039 pg/nm in
the nmedi an and percentiles 25.-75. of 2,778 to 19,722 pg/m while
pati enfs whiksmsthedeficlaim borhsteirsaid oethod fortlve comprisey détermdfing f1@36nount

pg/m in th k5 T%’tg_, td - (o, of 35 79 na/m t L 76
pg/ nml (p<0.€foglt§£8%€al_ua?iih§%%%? ﬁ@%ﬁfﬁgegﬁ%\?\%f?%éﬁ]g%mé%% Tgoﬁlrgelvogflt&%f
mor e t han 4cagbier pgpesinithelreienss amowk- t i mes i ncrease ri sk of

devel opi ng conplications or - 48 - death (i.e. the risk increased
from5 0%to 52. 2% p<0.001); see Figure 7 (A). Wthin six nonth, the
ri sk r&nmai nBg TPﬁb‘Ffbﬂafg(édm@preﬁmﬁiddanﬁsc Topode & TropaER?) ; see Figure
7 (B). -49- Cains 1. A method of identifying a subject in need of a
cardiac intervention exhibiting an acute coronary syndrome conprising
a) det®r m nihegnethed efanyrrne of clgimmnt o 3| Wieeeie nsid atetlod fialdr@pmpBses deter-
(CGDF-15) i . r . pl.-asmy. sanmpl.e of .a subject in.need of a
cardiac i n%@v@n@?%ﬁ?‘ﬁgﬁg%%g%kggﬁ n%]?ﬁaéﬁgmﬁﬁg#sﬁ%ﬁglagd comparing
det er mi ned theargouwnp ofithe metrigretie peptelet@a asfarende. of 1200 pg/ nl, wherein an
anount of GDF-15 |l arger than 1200 pg/m is indicative for a subject
bei ng susceptible to a cardiac therapy, wherein said cardiac

i nt er vent i Oiheinsetisel| afctaird 4f whereih Reid ngthn@icGRpedest NTgpreBNpEer cut aneous
coronary angi opl asty, percutaneous translum nal coronary ball oon

angi opl asty, |aser angioplasty, and coronary stent inplantation, or
bypasss.i nplTasgdthodrof a3y bheof@dihed 1fs, Ghdicin dhid WheLRE Bmdditdo N Bk RYMiac
further conprises gz)herm ning .the ampunt of a cardiac Troponin in
sai d sanpl &reRenie 04} searland sd eydissTrerpnithis TegpeotT-of t he car di ac
Troponin to a reference anount. 3. The nethod of claim?2, wherein said



5. The nmethod of claim4, wherein said natriuretic peptide is

NT- proBNP. 6. The net hod of any one of clains 2 to 5, wherein said
reference anount for the cardiac Troponin is 0.01 ng/rnl and said
cardiac Troponin is Troponin T. - -50- The net hod of claimé6,
wherein an anount of the cardiac Tropg in larger than the ref- erence
anount is indicative for a subject susceptible to a cardiac
intervention. 8. The nethod of any one of clains 4 to 7, wherein said
ref erence anount for the nati- uretic peptide is 1000 pg/ M and said
natriuretic peptide is NT-proBNP. 9. The method of claim@8, wherein
an amount of the natriuretic peptide larger than the reference anount
is indicative for a subject being susceptible for a cardiac

i ntervention. ] )
7. The method of claim 6, wherein an amount of the cardiac Troponin larger than the ref-

erence amount is indicative for a subject susceptible to a cardiac intervention.

8. The method of any one of claims 4 to 7, wherein said reference amount for the natri-

uretic peptide is 1000 pg/m] and said natriuretic peptide is NT-proBNP.

9. The method of claim 8, wherein an amount of the natriuretic peptide larger than the

reference amount is mndicative for a subject being susceptible for a cardiac intervention.



