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(7) ABSTRACT

The present invention relates to the diagnosis of the risk of
experiencing a cardiovascular complication in the context of
treatment with erythropoiesis stimulating agents (ESA’s)
such as erythropoietin and derivatives thereof particularly in
the context of anemia. More particularly, the invention
provides a method for diagnosing the risk of a patient of
experiencing a cardiovascular complication as a conse-
quence of future medication with an erythropoiesis stimu-
lating agent (ESA), comprising the steps of (a) measuring
the level of a BNP-type peptide in a sample of the patient,
(b) diagnosing said risk by comparing the measured level of
the BNP-type peptide to at least one reference level. The
BNP-type peptide may for example be brain natriuretic
peptide (BNP) or the N-terminal fragment of BNP, NT-
proBNP. The cardiovascular complication may include com-
plications, such as stroke, transient cerebral ischemic attack,
acute-coronary syndrome, myocardial infarction, congestive
heart failure etc. Notably, the present invention also relates

Int. CL to dosages of ESA medication which do not cause hyper-
GOIN 33/53 (2006.01) viscosity.
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USE OF BNP-TYPE PEPTIDES FOR THE
STRATIFICATION OF THERAPY WITH
ERYTHROPOIETIC STIMULATING AGENTS

FIELD OF THE INVENTION

[0001] The present invention relates to diagnosing the risk
of experiencing a cardiovascular complication as a conse-
quence of medication with erythropoietic stimulating agents.
The present invention also relates to optimizing the dosage
of erythropoietic stimulating agents (ESAs) with respect to
the risk of experiencing a cardiovascular complication.

BACKGROUND

[0002] An aim of modern medicine is to provide person-
alized or individualized treatment regimens. Those are treat-
ment regimens which take into account a patient’s individual
needs or risks, e.g. by choosing a particular medication or a
particular dosage of a medication tailored to the need of the
individual patient.

[0003] Erythropoietic stimulating agents (ESA’s) are
administered to treat diverse disorders, particularly to treat
anemia. Anemia is a common disorder, in which the number
of erythrocytes (the oxygen-carrying red blood cells) is
reduced. Notably, anemia is a frequent co-morbidity in
cancer and kidney disease (such as e.g. in diabetes patients).
Anemic patients frequently experience cardiovascular com-
plications. These complications probably occur because the
blood in anemic patients can only carry a reduced amount of
oxygen, which in turn causes the heart to pump the blood
more rapidly in order to satisfy the oxygen demand of the
body. This may lead, to left ventricular growth and left
ventricular hypertrophy. Thus, anemic patients frequently
experience cardiovascular complications.

[0004] It has been realized, that treatment with erythro-
poietin (EPO) can be used to treat anemia in patients with
chronic heart failure and lead to a significant improvement
in cardiac function and symptoms (van der Meer, P., Voors,
A. A, Lipsic, E., et al. (2004). Erythropoietin in cardiovas-
cular diseases, European Heart Journal, vol. 25, pp. 285-
291). The benefit of EPO treatment is likely due to an
increase of the number of erythrocytes, which increases the
concentration of hemoglobin in the blood and thus allows
the blood to carry more oxygen. Consequently, the strain on
the heart is reduced, which may lead to regression of left
ventricular hypertrophy and may even prevent its develop-
ment.

[0005] It is known that an increase of the number of
erythrocytes to abnormal levels, such as in the case of EPO
abuse by athletes, can cause cardiovascular complications
(Dhar, R., Stout, C. W, Link, M. S., Homoud, M. K., et al.
(2005). Cardiovascular toxicities of performance-enhancing
substances in sports, Mayo Clinic Proc, vol. 80. pp. 1307-
1315, erratum in Mayo Clinic Proc, January 2006, vol. 81,
p. 133). In contrast to such abuse of EPO, it has previously
been considered to be safe to administer ESA’s at a dosage
required to correct anemia up to normal or almost normal
levels of hemoglobin. Such dosages or target levels of
hemoglobin are currently considered to be beneficial.
[0006] However, even though medication with EPO has
become an effective routine treatment of anemia, many
anemic patients still die of cardiovascular complications. On
the other hand, many patients with cardiovascular diseases
are anemic.
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[0007] BNP-type peptides (e.g. brain natriuretic peptide
(BNP) and/or its N-terminal pro peptide fragment (NT-
proBNP)) and their use as molecular or biochemical markers
for diagnosis of certain cardiovascular complications are
known as such. In WO 02/089657, it has been suggested to
measure brain natriuretic peptide (BNP) to diagnose myo-
cardial infarction. In WO 02/083913 it has been suggested to
use BNP to predict near-term morbidity or mortality in
patients with congestive heart failure, myocardial, infarc-
tion, ST-elevated myocardial infarction, or non-ST-elevated
acute coronary syndromes. However, such use does not
address the problem of cardiovascular complications in
patients experiencing anemia.

[0008] Therefore, there is still a need to address the
problem of cardiovascular complications in patients expe-
riencing anemia and to improve the treatment of anemia.

SUMMARY OF THE INVENTION

[0009] The object of the invention is attained by a method
for diagnosing the risk of a patient of experiencing a
cardiovascular complication as a consequence of medica-
tion, particularly future medication, with an erythropoiesis-
stimulating agent (ESA), comprising the steps of
[0010] (a) measuring the level of a BNP-type peptide or
a variant thereof in a sample from the patient, and
[0011] (b) diagnosing said risk by comparing the mea-
sured level of the BNP-type peptide or a variant thereof
to at least one reference level.

[0012] The method may also comprise the step of obtain-
ing a body fluid or a tissue sample of the patient. Preferably,
the level is determined in a body fluid or tissue sample of the
patient.

[0013] The invention provides methods and means, par-
ticularly markers, which allow diagnosing the risk of expe-
riencing a cardiovascular complication as a consequence of
medication with ESA’s. More particularly, it has been found
in the context of the invention that the measured level of a
BNP-type peptide is able to indicate the degree of the risk of
experiencing a cardiovascular complication as a conse-
quence of medication with ESA’s. Thus, the invention
provides methods and means to identify risk patients before
they receive ESA medication. Particularly, the invention
allows identifying patients who have an increased cardio-
vascular risk if they receive a dosage of ESA suflicient to
increase the hemoglobin level to normal or near-normal
values. The invention can be used particularly advanta-
geously for patients who have no known history of a
cardiovascular complication. The methods and means are
simple, fast, inexpensive, and suited for the use by general
practitioners and/or non-cardiologists. The invention also
provides corresponding uses of any of the markers, means,
and methods according to the invention.

[0014] The invention also provides methods and means
which allow optimizing the dosage (as defined by the target
level of hemoglobin (Hb), see definition of the dosage
further below) of ESA’s with respect to the cardiovascular
risk. The invention provides methods and means to deter-
mine a target level of hemoglobin (and thus a dosage of
ESA) that is pharmaceutically effective and at the same time
avoids undesired side-effects, in particular cardiovascular
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complications. Thus, for each individual a more beneficial
target level of hemoglobin or dosage of ESA can be deter-
mined.

DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1: Kaplan-Meier graphs and risk ratios (HR,
hazard ratios) for the primary cardiovascular endpoint.

[0016] FIG. 2: Kaplan-Meier graphs and risk ratios (HR,
hazard ratios) for cardiac adverse events (cardiac complica-
tions).

[0017] FIG. 3: Kaplan-Meier graphs and risk ratios (HR,

hazard ratios) for cardiovascular adverse events (AE) (car-
diovascular complications).

[0018] FIG. 4: Graphical display of estimated risk ratios
(HR, hazard ratios) for cardiovascular adverse events
(CVAE) and the primary cardiovascular endpoint (P Endp)
including 95% confidence intervals.

DETAILED DESCRIPTION OF THE
INVENTION

[0019] Inthe course of the invention several findings have
been made: It has been observed that ESA treatment may be
associated with cause cardiovascular complications at dos-
ages or target levels of hemoglobin which were previously
considered to be therapeutically beneficial. Thus, there are
cardiovascular complications which occur as a consequence
of ESA medication. This observation was unexpected, as
treatment with ESA’s in anemic patients has previously been
considered rather to reduce cardiovascular complications by
reducing the strain on the heart.

[0020] Furthermore, it has been observed in the course of
the invention that cardiovascular complications as a conse-
quence of ESA medication do mainly occur in a small subset
of patients. Furthermore, it has also been found that this
subset of patients can be identified according to the level of
a BNP-type peptide in the patient. Such patients can be
considered to be risk patients. Thus, the present invention
does not only draw attention to the risks associated with
particular dosages of ESA’s but it also provides guidance
concerning which patients are at particular risk. Conse-
quently, the present invention enables treatment with higher
dosages of ESA’s (or higher target levels of hemoglobin) in
regular patients while it allows identifying risk patients.
Such risk patients may preferably be treated with lower
dosages of ESA (or lower target levels of hemoglobin) or
with no ESA in order to reduce or avoid their risk of
experiencing a cardiovascular complication. However, such
a decision is at the discretion of the responsible physician
who will also include the risk/benefit ratio for the particular
patient in his consideration.

[0021] As the present invention allows the diagnoses of
the risk before ESA medication commences, or before an
ESA dosage is increased, the dosage of the medication can
be optimized, particularly increased, to maximize the thera-
peutic benefit in each patient while avoiding cardiovascular
complication.

[0022] Thus, the present invention allows a careful and
informed decision about whether to apply ESA medication,
the dosage thereof, and/or to arrange for a suitable accom-
panying treatment or monitoring.

[0023] The present invention is particularly advantageous
to general practitioners, specialized physicians, and special-
ized wards, departments or clinics, which frequently have no
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access to extensive cardiologic examination by cardiolo-
gists. Examples are diabetes specialists, oncologists, neph-
rologists. Other examples are oncological, nephrological or
diabetes outpatient clinics or departments. The present
invention provides means and methods to such non-cardi-
ologists for simple and reliable screening of patients for
those patients who are posed at risk of experiencing a
cardiovascular complication as a consequence of ESA medi-
cation.

[0024] Erythropoiesis stimulating agents are generally
applied in the case disorders treatable by increasing the level
of erythropoiesis, particularly in the case of anemia.
[0025] Erythropoiesis is known to the person skilled in the
art. In particular, the term relates to the development of
erythrocytes (the red blood cells). Due to their relatively
short life-span of 120 days, the erythrocytes are continu-
ously renewed. This renewal or development is done by
proliferation and differentiation of stem cells. At present,
several steps in erythropoiesis are known. Major steps are
proliferation and differentiation from BFC-E cells (erythro-
cyte burst-forming cells, or BFC-Es (or burst-forming units,
BFU-E)) via CFC-E cells (erythrocyte colony-forming cell
(or colony-forming unit, CFU-E)) to the nucleus-containing
erythroblasts, which in turn differentiate into erythrocytes.
Interleukin-3 (IL-3) promotes the survival and proliferation
of the BFC-E cells.

[0026] The erythroblasts differentiate by extruding the
nucleus to become an immature erythrocyte (a reticulocyte),
which then leaves the bone marrow and passes into the
bloodstream. In the nest day or two, the reticulocyte will lose
its mitochondria and ribosomes to become a mature eryth-
rocyte. An ESA according to the present invention may exert
its influence at any stage of this process, in particular at the
step of differentiation from an erythroid progenitor cell to an
erythroblast. This step is controlled by signalling through the
Epo receptor (EpoR). In particular, an ESA according to the
invention stimulates EpoR, more particularly by binding to
EpoR. An ESA according to the present invention may also
stimulate the endogenous production of erythropoietin, e.g.
by inhibition of hypoxia-inducible factor-prolyl hydroxylase
(HIF-PH).

[0027] The term “anemia” is known to the person skilled
in the art. In particular, anemia is a disorder characterized by
a lack of red blood cells. Anemia can e.g. be defined by the
hemoglobin content of blood. The normal hemoglobin (Hb)
level for males is 14 to 18 g/dl (140 to 180 g/L); the normal
level for females is 12 to 16 g/dl. If the hemoglobin level is
lower than these values, the patient has anemia. Anemia
according to the invention particularly relates to Hb levels of
less than 14 g/dl, more particularly less than 13 g/dl, 11 g/dl,
10 g/dl, 9 ¢/dl, 8 g/dl, 7.5 g/dl, 6.5 g/dl, 6 g/dl, 5.5 g/dl, or
most particularly less than 5 g/dl in a male, and to Hb levels
of less than 12 g/dl, more particularly less than 11 g/dl, 10
g/dl, 9 g/dl, 8 g/dl, 7.5 g/dl, 6.5 g/dl, 6 g/dl, 5.5 g/d]. most
particularly less than 5 g/dl in a female. Moderate anemia
may be considered to correspond to an Hb level of 11.0 to
12.5 g/dl. If the hemoglobin level falls below 75 g/L. (7.5
g/dl), resting cardiac output rises significantly with an
increase in both heart rate and stroke volume. The patient
may complain of palpitation or a pounding pulse. Symptoms
of cardiac failure may develop if the patient’s myocardial
reserve is reduced.

[0028] Anemia may have different causes, e.g. excessive
blood loss (e.g. acute or chronic bleeding anemia), reduced
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or ineffective erythropoiesis, or hemolysis (hemolytic ane-
mia, e.g. anemia due to hyperactivity of the monocyte-
macrophage system, anemia due to hypersplenism or sple-
nomegaly, immune hemolytic anemia (including
autoimmune hemolytic anemia, hemoglobinuria), anemia
due to mechanic destruction of erythrocytes (e.g. microan-
giopathic hemolytic anemia, hemolysis due to infections)).
[0029] The present invention may be applied in the con-
text of any kind of anemia in which treatment with ESA’s is
able to reduce the severity of anemia. In particular, the
invention can be applied in the context of anemia due to
kidney disease (particularly chronic kidney disease), cancer-
related anemia, and anemia due to chronic diseases (e.g.
infectious or inflammatory. Cancer-related anemia may be
caused by internal bleeds and/or as a side-effect of treatment
with cytostatic agents. Anemia also may occur as a side-
effect of cancer therapy, particularly as a side-effect of
cytostatic drug therapy. Anemia is widely known as a
complication in renal insufficiency, particularly diabetic
nephropathy.

[0030] Erythropoiesis stimulating agents (ESA’s) are
known to the person skilled in the art. The term ESA
comprises any kind of agent capable of stimulating eryth-
ropoiesis, particularly in vivo, more particularly in a patient.
The meaning of the term stimulation is known, preferably
the term relates to increasing or inducing erythropoiesis. In
the context of the invention, the term ESA relates to any kind
of erythropoiesis stimulating agent that is capable of increas-
ing the level of total hemoglobin by at least 0.5 g/dl, more
particularly 1 g/dl, more particularly 1.5 g/dl. Preferably, the
ESA is capable of inducing such increases by a dosage
usually considered reasonably safe with respect to non-
cardiovascular side-effects.

[0031] The mechanism of how the ESA stimulates ervth-
ropoiesis is not particularly important in the context of the
invention. For example, an ESA according to the invention
may be capable of stimulating differentiation of a pluripotent
stem cell in the bone marrow to an erythroblast and/or it may
be capable of stimulating the differentiation from an ervth-
roblast to an erythrocyte. However, preferably the ESA acts
by stimulating EpoR or stimulating the pathway through
which EpoR acts.

[0032] Examples for ESA’s according to the present
invention include “small molecules” as well as proteins or
peptides.

[0033] “Small molecules” are understood as molecules
which are not proteins, peptides, antibodies or nucleic acids,
and which exhibit a molecular weight of less than 5000 Da,
preferably less than 2000 Da, more preferably less than 1000
Da, most preferably less than 500 Da. Such small molecules
may be identified in high throughput procedures/screening
assays starting from libraries. Such methods are known in
the art. Suitable small molecules can also be designed or
further modified by methods known as combinatorial chem-
istry. An example for a small molecule is FG-2216, an
inhibitor of hypoxia-inducible factor-prolyl hydroxylase
(HIF-PH) (FibroGen Inc., licensed to Astellas). FG-2216 is
capable of increasing the endogenous level of erythropoietin
and thus to stimulate erythropoiesis. Another example may
be the low-molecular weight EPO analogon PBI-1402
(ProMetic Biosciences).

[0034] Examples for ESA’s according to the invention
may include naturally occurring ESA’s (such as erythropoi-
etin in blood or isolated from urine, see accession no.
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133170 in Online Mendelian Inheritance in Man (OMIM) on
the website of the National Institutes of Health, http://www.
ncbinlm.nih.gov/) as well as recombinantly produced
ESA’s, e.g. in cell culture of human or animal cells, par-
ticularly using recombinant techniques. The term “variants”
is understood by the person skilled in the art and has been
defined elsewhere in this specification.

[0035] Variants of ESA’s are known, e.g. erythropoietin in
differently glycosylated forms, e.g. due to the mode of
production (e.g. the cell type of host cells used for recom-
binant production of a protein or peptide-based ESA).

[0036] Preferred ESA’s according to the invention are
erythropoietin and variants thereof. Erythropoietin is a gly-
coprotein of 30-40 kDa molecular weight (Lee-Huang, S.
(1984) Cloning and expression of human erythropoietin
cDNA in Escherichia coli, Proc. Nat. Acad. Sci. vol. 81, pp.
2708-2712; Romanowski, R. R., Sytkowski, A. 1. (1994).
The molecular structure of human erythropoietin, Hemat.
Oncol. Clin. North Am., vol. 8, pp. 885-894, 1994). Variants
of erythropoietin include differently glycosylated forms of
EPO and/or so-called biosimilars. Examples of variants
include epoetin alpha (Amgen), epoetin beta (e.g. Neo-
Recormon, (Roche)), epoetin delta, epoetin-omega, darbe-
poetin alpha (Amgen), and CERA (Continuous Erythropoie-
sis Receptor Activator, Hoffman-L.aRoche).

[0037] Thelevel of erythropoiesis can be measured by any
method deemed appropriate by the person skilled in the art.
In patients, the level of erythropoiesis can conveniently be
measured e.g. by counting the number of reticulocytes
and/or erythrocytes or by measuring the total level of
hemoglobin. The level can also be determined by measuring
the level of total packed cell volume, because the total
packed cell volume is largely determined by the number of
erythrocytes and can easily be measured. Such methods for
measuring the level of erythropoiesis are well-known to the
person skilled in the art. If the level of erythropoiesis has
been determined, the degree of stimulation can be deter-
mined e.g. by comparing the level of erythropoiesis before
and during medication of the ESA.

[0038] The meaning of the term “medication” is known to
the person skilled in the art. In the context of the invention,
the term should be understood in a broad sense comprising
any kind of administration of an ESA to a patient, for
example by oral administration, intravenous injection, sub-
cutaneous injection, or intramuscular injection. Preferably,
the term medication relates to long-term administration of
the respective drug, e.g. an administration that causes an
increase of the number of erythrocytes for at least 2 months,
preferably at least 3 months, more preferably at least 6
months, more preferably at least 12 months, more preferably
at least 2 years, more preferably at least 3 years. From the
Examples, it can be seen that the relative difference in the
risk may remain similar for an extended period of time, but
that the total number of cardiovascular complications may
continuously increase over time of administration. There-
fore, in light of a particular clinical indication, it may be
acceptable to administer an ESA for a short term (e.g. for up
to 1 week, 4 weeks, 2 months or 4 months) in a risk patient
identified according to the invention, whereas a decision
about long-term administration in such a risk patient pref-
erably should be based on a more careful evaluation of risk
and benefit. Consequently, the invention also relates to



US 2008/0050749 A1

diagnosis of the risk of experiencing a cardiovascular com-
plication as a consequence of short-term and/or long-term
medication with an ESA.

[0039] The invention takes advantage of certain biochemi-
cal or molecular markers. The terms “biochemical marker”
and “molecular marker” are known to the person skilled in
the art. In particular, biochemical or molecular markers are
gene expression products which are differentially expressed
(i-e. upregulated or downregulated) in presence or absence
of a certain condition, disease, or complication. Usually, a
molecular marker is defined as a nucleic acid (such as an
mRNA), whereas a biochemical marker is a protein,
polypeptide or peptide. The level of a suitable biochemical
or molecular marker can indicate the presence or absence of
the condition, disease, or complication, and thus allow
diagnosis.

[0040] The present invention particularly takes advantage
of BNP-type peptides as biochemical markers. Also the use
of any combinations of BNP-type peptides as biochemical
markers is considered in the context of the present invention.
[0041] BNP-type peptides comprise pre-proBNP, proBNP,
NT-proBNP, and BNP.

[0042] The pre-pro peptide (134 amino acids in the case of
pre-proBNP) comprises a short signal peptide, which is
enzymatically cleaved off to release the pro peptide (108
amino acids in the case of proBNP). The pro peptide is
further cleaved into an N-terminal pro peptide (NT-pro
peptide, 76 amino acids in case of NT-proBNP) and the
active hormone (32 amino acids in the case of BNP).
[0043] Preferred BNP-type peptides according to the
present invention are proBNP, NT-proBNP, BNP, and vari-
ants thereof. BNP is the active hormone and has a shorter
half-life in vivo than the inactive NT-proBNP.

[0044] Preanalytics are more robust with NT-proBNP
allowing easy transportation of the sample to a central
laboratory (Mueller T, Gegenhuber A, Dieplinger B, Poelz
W, Haltmayer M, Long-term stability of endogenous B-type
natriuretic peptide (BNP) and amino terminal proBNP (N'T-
proBNP) in frozen plasma samples, Clin Chem Lab Med
2004; 42: 942-4.). Blood samples can be stored at room
temperature for several days or may be mailed or shipped
without recovery loss. In contrast, storage of BNP for 48
hours at room temperature or at 4° Celsius leads to a
concentration loss of at least 20% (Mueller T, Gegenhuber
A, et al., Clin Chem Lab Med 2004; 42: 942-4, supra: Wu
A H, Packer M, Smith A, Bijou R, Fink D, Mair J, Wallentin
L, Johnston N, Feldcamp C S, Haverstick D M, Ahnadi C E,
Grant A, Despres N, Bluestein B, Ghani F. Analytical and
clinical evaluation of the Bayer ADVIA Centaur automated
B-type natriuretic peptide assay in patients with heart fail-
ure: a multisite study, Clin Chem 2004; 50: 867-73.).
[0045] Either measurement of the active or the inactive
form can be advantageous, depending on the time-course of
interest and the analytical equipment or storage conditions
available. The most preferred BNP-type peptides according
to the present invention are NT-proBNP and variants thereof.
[0046] The term “variants” in this context relates to pep-
tides substantially similar to said peptides. The term “sub-
stantially similar” is well understood by the person skilled in
the art. In particular, a variant may be an isoform or allele
which shows amino acid exchanges compared to the amino
acid sequence of the most prevalent peptide isoform in the
human population. Preferably, such a substantially similar
peptide has a sequence similarity to the most prevalent
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isoform of the peptide of at least 80%, preferably at least
85%, more preferably at least 90%, most preferably at least
95%. Substantially similar are also degradation products,
e.g. proteolytic degradation products, which are still recog-
nized by the diagnostic means or by ligands directed against
the respective full-length peptide. The term “variants” is also
meant to relate to splice variants.

[0047] The term “variant” also relates to a post-transla-
tionally modified peptide such as glycosylated peptide. A
“variant” is also a peptide which has been modified after
collection of the sample, for example by covalent or non-
covalent attachment of a label, particularly a radioactive or
fluorescent label, to the peptide.

[0048] Examples of particular variants and methods for
their measurement are known (see e.g. Ala-Kopsala, M.,
Magga, I., Peuhkurinen, K. et al. (2004): Molecular hetero-
geneity has a major impact on the measurement of circulat-
ing N-terminal fragments of A-type and B-type natriuretic
peptides. Clinical Chemistry, vol. 50(9), 1576-1588).
[0049] Other embodiments of the invention include the
measuring of different markers in combination, simulta-
neously or non-simultaneously. An example is measuring of
NT-proBNP in combination with BNP.

[0050] Diagnosing according to the present invention
includes determining, monitoring, confirmation, subclassi-
fication and prediction of the relevant disease, disorder,
complication, or risk. Determining relates to becoming
aware of a disease, disorder complication, or risk. Monitor-
ing relates to keeping track of an already diagnosed disease,
disorder complication, or risk, e.g. to analyze the progres-
sion of the disease or the influence of a particular treatment
on the progression of disease or disorder. Confirmation
relates to the strengthening or substantiating a diagnosis
already performed using other indicators or markers. Sub-
classification relates to further defining a diagnosis accord-
ing to different subclasses of the diagnosed disease disorder,
complication, or risk, e.g. defining according to mild and
severe forms of the disease. Prediction relates to prognosing
a disease disorder or complication before other symptoms or
markers have become evident or have become significantly
altered.

[0051] As will be understood by those skilled in the art,
such diagnosis is usually not intended to be correct for 100%
of the subjects to be diagnosed. The term, however, requires
that a statistically significant portion of subjects can be
diagnosed with respect to relevant disease, disorder, com-
plication, or risk. Whether a portion is statistically signifi-
cant can be determined without further ado by the person
skilled in the art using various well known statistic evalu-
ation tools, e.g., determination of confidence intervals,
p-value determination, Student’s t-test, Mann-Whitney test,
etc. Details are found in Dowdy and Wearden, Statistics for
Research, John Wiley & Sons, New York 1983. Preferred
confidence intervals are at least 90%, at least 95%, at least
97%, at least 98% or at least 99%. The p-values are,
preferably, 0.1, 0.05, 0.01, 0.005, or 0.0001.

[0052] Cardiovascular complications according to the
present invention comprise any dysfunctions affecting the
cardiovascular system, particularly any complications asso-
ciated with plaque or thrombus formation.

[0053] Complications associated with plaque or thrombus
formation the cardiovascular system are widely known. A
plaque or thrombus may cause a narrowing or closure of a
blood vessel and thus reduce blood flow and oxygen supply.
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Frequently, the clinically relevant complication is caused by
a ruptured plaque or by a thrombus which is carded along
with the blood stream until it gets stuck in a blood vessel,
such as a coronary or pulmonary artery.

[0054] The cardiovascular complication can be a cardiac
or a non-cardiac complication.

[0055] Non-cardiac complications may occur in the
periphery (peripheral vascular disease), such as deep vein
thrombosis, and may result e.g. in gangrene, microangiopa-
thy, or pulmonary emboly. An example is peripheral vascu-
lar disease leading to necrosis and possibly amputation.
Other examples for non-cardiac complications associated
with plaque or thrombus formation include such complica-
tions affecting the brain, e.g. transient cerebral ischemic
attack (TIA, a transient ischemic event in the brain) or
stroke. Further examples for non-cardiac, cardiovascular
complications include hypertension, hypotension.

[0056] In the cardiac system (heart and coronary arteries),
complications associated with plaque or thrombus formation
may include stable angina pectoris (SAP) and acute coro-
nary syndromes (ACS). Angina pectoris is characterized by
myocardial ischemia, i.e. insufficient of oxygen supply,
particularly under conditions of increased oxygen demand,
e.g. in the case of physical exercise. ACS patients can show
unstable angina pectoris (UAP), or these individuals have
already experienced a myocardial infarction (MI). Myocar-
dial infarction is characterized by smaller or larger necrotic
events (i.e. tissue destruction due to lack of oxygen supply).
According to the appearance in the electrocardiogram, MI
can be an ST-elevated MI or a non-ST-elevated MI. The
occurring of an MI can be followed by a left ventricular
dysfunction (LVD). LVD patients undergo congestive heart
failure (CHF) with a mortality rate of roughly 13%. How-
ever, the heart failure may also be acute (acute heart failure,
AHF).

[0057] A cardiac complication according to the invention
may also be arrhythmia, bradycardia and tachycardia.
[0058] A cardiac complication can be systolic or diastolic
(i.e. primarily affecting the ejection phase (systole) or the
filling phase (diastole) of the affected ventricle).

[0059] In the context of the present invention, “cardiovas-
cular complication” particularly relates to coronary heart
disease, SAP, ACS, UAP, MI (including ST-elevated MI and
non-ST-elevated MI), LVD, CHF, cardiovascular death,
TIA, or stroke. More particularly, “cardiovascular compli-
cation” relates to ACS, UAP, M1 (including ST-elevated MI
and non-ST-elevated MI), LVD, CHEF, cardiovascular death,
TIA, or stroke.

[0060] Cardiovascular complications can cause symp-
toms, which have been classified into a functional classifi-
cation system according to the New York Heart Association
(NYHA). Patients of Class I have no obvious symptoms of
cardiovascular disease. Physical activity is not limited, and
ordinary physical activity docs not cause undue fatigue,
palpitation, or dyspnea (shortness of breath). Patients of
class II have slight limitation of physical activity. They are
comfortable at rest, but ordinary physical activity results in
fatigue, palpitation, or dyspnea. Patients of class III show a
marked limitation of physical activity. They are comfortable
at rest, but less than ordinary activity causes fatigue, palpi-
tation, or dyspnea. Patients of class IV are unable to carry
out any physical activity without discomfort. They show
symptoms of cardiac insufficiency at rest. If any physical
activity is undertaken, discomfort is increased. Accordingly,
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patients experiencing cardiovascular complications can be
divided into individuals showing no clinical symptoms and
those with symptoms (e.g. dyspnea).

[0061] Another characteristic of cardiovascular diseases
can be the “left ventricular ejection fraction” (LVEF) which
is also known as “ejection fraction”. People with a healthy
heart usually have an unimpaired LVEF, which is generally
described as above 50%. Most people with a systolic heart
disease which is symptomatic generally have an LVEF of
40% or less.

[0062] In the case of a diastolic heart disease, the LVEF
may be normal (reflecting a normal diastole), whereas the
filling is insufficient. Diastolic heart disease may however be
characterized by increased thickness of the ventricular wall.
[0063] A cardiovascular complication according to the
invention may cause symptoms, particularly symptoms
according to NYHA class 1I-IV, more particularly according
to NYHA class II-IV.

[0064] A cardiovascular complication according to the
invention may be associated with an LVEF of 40% or less.
[0065] A cardiovascular complication according to the
invention may either be “compensated” or “decompen-
sated”. Compensated means that the regular oxygen need of
the body can still be satisfied, whereas decompensated
means that the regular oxygen need of the body is not
satisfied anymore.

[0066] “Experiencing a cardiovascular complication”
according to the invention also includes deterioration of a
pre-existing cardiovascular complication.

[0067] The term “patient” according to the present inven-
tion relates to a healthy individual, an apparently healthy
individual, or, particularly, an individual suffering from a
disease. Particularly, the patient is suffering from or treated
for anemia, e.g. due to cancer or kidney disease (particularly
chronic kidney disease, e.g. due to diabetic nephropathy).
Thus, the patient may also be a patient suffering from cancer,
kidney disease, or diabetes. Even more particularly, at the
time of measurement or diagnosis, the patient has no known
history of cardiovascular complication, and/or no or little
(NYHA class 1 or 1I) symptoms of a cardiovascular com-
plication, and/or he is not being treated for a cardiovascular
complication.

[0068] Particularly, the patient is a candidate for receiving
ESA medication. More particularly, at the time of measure-
ment or diagnosis, any previous medication of the patient
with an ESA, more particularly erythropoietin or a variant
thereof, has taken place at least one month, particularly at
least 2 months, more particularly at least 6 months, more
particularly at least 1 year before. Even more particularly, at
the time of measurement or diagnosis the patient has not had
any previous medication with an ESA.

[0069] It is known to the person skilled in the art, under
what circumstances a cardiovascular complication can be
considered to occur “as a consequence” of an ESA medica-
tion. In clinical studies, a comparison of patient collectives
receiving ESA medication with patient collectives not
receiving ESA medication can reveal whether patients under
ESA medication will experience a cardiovascular complica-
tion as a consequence of medication with ESA’s: If patients
receiving ESA experience cardiovascular complications
more frequently, then it indicates that the increased number
of cardiovascular complications occurs as a consequence of
the particular ESA medication. Similarly, it can be compared
whether different dosages of ESA medication cause an
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increased number of cardiovascular complications.
Examples of such analyses are given in the Example section.
[0070] Theterm “as a consequence” of an ESA medication
should not be interpreted as a finding that ESA’s generally
cause cardiovascular complications. In fact, as laid out
earlier, it is usually considered that ESA medication may
reduce the risk of cardiovascular complications due to
reducing the strain on the heart. It is currently unknown
which biological mechanism underlies the observation that
ESA’s (particularly at high dosages or high target levels of
hemoglobin, respectively) may increase the risk of cardio-
vascular complications in certain patients. However, as
already mentioned, it has been found in the context of the
invention that the markers, described in this specification are
suited to detect patients at risk of experiencing cardiovas-
cular complication if an ESA, particularly at high dosage (or
high target level of hemoglobin), is administered to such
patient.

[0071] Diagnosis according to the present invention is
preferably done by use of a diagnostic means. A diagnostic
means is any means that allows measuring the level, amount,
or concentration of a substance of interest, particularly a
peptide or polypeptide of interest, more particularly a BNP-
type peptide.

[0072] Methods and diagnostic means which can be used
to measure the levels of the respective peptides are known
to the person skilled in the art. These methods include
microplate ELISA-based methods, fully-automated or
robotic immunoassays (available for example on ELECSYS
or COBAS analyzers), CBA (an enzymatic cobalt binding
assay, available for example on Roche/Hitachi analyzers),
and latex agglutination assays (available for example on
Roche-Hitachi analyzers). The methods and means for mea-
surement also include Point-of-care devices, such as the
Cardiac Reader (available from Roche Diagnostics).
[0073] Point-of-care devices are generally understood as
devices which enable measuring at the patient bedside. An
example is the Cardiac Reader (available from Roche Diag-
nostics), in combination e.g. with test strips for NT-proBNP
(available as “Cardiac proBNP” from Roche Diagnostics).
Such test may employ two (preferably monoclonal) anti-
bodies directed against the peptide of interest (e.g. a BNP-
type peptide). The antibodies can “be identical o the anti-
bodies used e.g. in the ELECSYS or COBAS assays. E.g.
the first antibody is labeled with biotin while the second
antibody is labelled with gold particles. The test can be
started by adding a small amount (e.g. 150 pul) of blood
sample onto the test strip (e.g. into a sample well of the test
strip). The erythrocytes in the sample may be separated from
the remaining plasma before or after addition to the test
strip, e.g. if the sample flows through a suitable fleece (e.g.
a glass fiber fleece). Said separating means (e.g. fleece) is
preferably part of the test strip. The antibodies (preferably
already present on the test strip) are dissolved in the remain-
ing plasma. The antibodies are capable of binding to the
peptide or polypeptide of interest, forming a three-mem-
bered sandwich complex. The antibodies (bound or
unbound) flow through the strip into a detection zone. The
detection zone comprises means for detecting the bound
complex, e.g. it may comprise streptavidin. This immobi-
lizes the complexes and visualizes the immobilized complex
as a purple line by the gold-labelled antibody. Preferably,
remaining free gold-labelled antibody may then move fur-
ther down the strip where it is captured in a zone comprising
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a synthetic peptide or polypeptide comprising the epitope of
the BNP-type peptide to be detected, visualized as a separate
purple line. The presence of such second line can serve as a
control because it indicates that the sample flow as worked
correctly and the antibody is intact, the test strip may
comprise a label indicating which peptide or polypeptide of
interest can be detected with the strip. It may also comprise
a barcode or other code readable by a device for optical
measurement of the amount of label detectable in the
detection zone. Such barcode may include information indi-
cating which peptide or polypeptide of interest can be
detected with the strip. The barcode may also include
lot-specific information about the test strip.

[0074] The Cardiac Reader itself comprises a camera (e.g.
charge-coupled device, CCD) that optically records the
detection zone of the test strip. Signal and control lines may
be identified by a pattern recognition algorithm. The inten-
sity of the label in the signal line is typically proportional to
the amount of peptide or polypeptide of interest. The optical
signal maybe converted into a concentration via a lot-
specific calibration curve which may be stored in a code
chip. The agreement of calibration code and test lot may be
checked by a barcode on the test strip.

[0075] Furthermore, the person skilled in the art is familiar
with different methods of measuring the level of a peptide or
polypeptide. The term “level” relates to amount or concen-
tration of a peptide or polypeptide in a patient or a sample
taken from a patient.

[0076] The term “measuring” according to the present
invention relates to determining the amount or concentra-
tion, preferably semi-quantitatively or quantitatively, of the
nucleic acid, peptide, polypeptide, or other substance of
interest. Measuring can be done directly or indirectly. Indi-
rect measuring includes measuring of cellular responses,
bound ligands, labels, or enzymatic reaction products. Pref-
erably, measuring is carried out in vitro.

[0077] In the context of the present invention, amount also
relates to concentration. It is evident, that from the total
amount of a substance of interest in a sample of known size,
the concentration of the substance can be calculated, and
vice versa.

[0078] Measuring can be done according to any method
known in the art. Preferred methods are described in the
following.

[0079] In a preferred embodiment, the method for mea-
suring the level of a peptide or polypeptide of interest,
particularly a BNP-type peptide, comprises the steps of (a)
contacting a cell capable of a cellular response to the peptide
or polypeptide with the peptide or polypeptide for an
adequate period of time, (b) measuring the cellular response.
[0080] In another preferred embodiment, the method, for
measuring the level of a peptide or polypeptide of interest,
particularly a BNP-type peptide, comprises the steps of (a)
contacting a peptide or polypeptide with a suitable substrate,
for an adequate period of time, (b) measuring the amount of
product.

[0081] In another preferred embodiment, the method for
measuring the level of a peptide or polypeptide of interest,
particularly a BNP-type peptide, comprises the steps of (a)
contacting a peptide or polypeptide with a specifically
binding ligand, (b) (optionally) removing non-bound ligand,
(¢) measuring the amount of bound ligand.
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[0082] Preferably, the peptide or polypeptide is contained
in a sample, particularly a body fluid or tissue sample, and
the amount of the peptide or polypeptide in the sample is
measured.

[0083] Peptides and polypeptides (proteins) can be mea-
sured in tissue, cell, and body fluid samples, i.e. preferably
in vitro. Preferably, the peptide or polypeptide of interest is
measured in a body fluid sample.

[0084] A tissue sample according to the present invention
refers to any kind of tissue obtained from the dead or living
human or animal body. Tissue samples can be obtained by
any method known to the person skilled in the art, for
example by biopsy or curettage.

[0085] Body fluids according to the present invention may
include blood (including derivatives thereof, e.g. blood
serum or blood plasma), lymph, cerebral liquor, saliva, and
urine. Particularly, body fluids include blood, (including
derivatives thereof, e.g. blood serum or blood plasma) and
urine. Samples of body fluids can be obtained by any method
known in the art.

[0086] For general practitioner, expensive diagnostic tools
are no longer required for making cardiac diagnosis. Advan-
tageously, using urine as sample avoids any invasive step
performed on the subject. Surprisingly, it has been found in
studies underlying the invention that the amount of BNP-
type peptide, particularly NT-proBNP in urine is similarly
valuable and reliable for diagnosis as the amount in the
blood. Usually, one would expect merely minor levels of
BNP-type peptide to be present in urine since it is thought
that major clearance for the BNP-type peptides takes place
in the kidney by glomerular filtration. Accordingly, one
would not expect that (i) sufficient amounts of BNP-type
peptide, particularly NT-proBNP are at all present in urine.
Preferably, measurements in urine are carried out in patients
without major renal complications, more preferably in
patients with normal or near-normal glomerular filtration.

[0087] The term “urine” according to the present invention
comprises total urine or fractions thereof. The fractions are
peptide- or polypeptide-containing fractions of the urine.
Samples of urine can be obtained by any method known in
the art. The samples may be subjected to various known
pre-treatments prior to applying the method of the present
invention (i.e. processed urine samples).

[0088] Methods to obtain cell samples include directly
preparing single cells or small cell groups, dissociating
tissue (e.g. using trypsin), and separating cells from body
fluids, e.g. by filtration or centrifugation. Cells according to
the present invention comprise also platelets and other
non-nuclear cells, e.g. erythrocytes.

[0089] If necessary, the samples may be further processed.
Particularly, nucleic acids, peptides or polypeptides may be
purified from the sample according to methods known in the
art, including filtration, centrifugation, or extraction meth-
ods such as chloroform/phenol extraction.

[0090] For measuring cellular responses, the sample or
processed sample is added to a cell culture and an internal
or external cellular response is measured. The cellular
response may include the expression of a reporter gene or
the secretion of a substance, e.g. a peptide, polypeptide, or
a small molecule.

[0091] Other preferred methods for measurement may
include measuring the amount of a ligand binding specifi-
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cally to the peptide or polypeptide of interest. Binding
according to the present invention includes both covalent
and non-covalent binding.

[0092] A ligand according to the present invention can be
any peptide, polypeptide, nucleic acid, or other substance
binding to the peptide or polypeptide of interest. It is well
known that peptides or polypeptides, if obtained or purified
from human or animal cells, can be modified, e.g. by
glycosylation. A suitable ligand according to the present
invention may bind the peptide or polypeptide also via such
sites.

[0093] Preferably, the ligand should bind specifically to
the peptide or polypeptide to he measured. “Specific bind-
ing” according to the present invention means that the ligand
should not bind substantially to (“cross-react” with) another
peptide, polypeptide or substance present in the sample
investigated. Preferably, the specifically bound protein or
isoform should be bound with at least 3 times higher, more
preferably at least 10 times higher and even more preferably
at least 50 times higher affinity than any other relevant
peptide or polypeptide. In the present context, such other
relevant peptides or polypeptides may be other structurally
related or homologous peptides or polypeptides.

[0094] Non-specific binding may be tolerable, particularly
if the investigated peptide or polypeptide can still be dis-
tinguished and measured unequivocally, e.g. according to its
size on a Western Blot, or by its relatively higher abundance
in the sample.

[0095] Binding of the ligand can be measured by any
method known in the art. Preferably, the method is semi-
quantitative or quantitative. Suitable methods are described
in the following;

[0096] First, binding of a ligand may be measured directly,
e.g. by NMR or surface plasmon resonance.

[0097] Second, if the ligand also serves as a substrate of an
enzymatic activity of the peptide or polypeptide of interest,
an enzymatic reaction product may be measured (e.g. the
amount of a protease can be measured by measuring the
amount of cleaved substrate, e.g. on a Western Blot).

[0098] For measurement of enzymatic reaction products,
preferably the amount of substrate is saturating. The sub-
strate may also be labelled with a detectable label prior to the
reaction. Preferably, the sample is contacted with the sub-
strate for an adequate period of time. An adequate period of
time refers to the time necessary for an detectable, prefer-
ably measurable amount of product to be produced. Instead
of measuring the amount of product, the time necessary for
appearance of a given (e.g. detectable) amount of product
can be measured.

[0099] Third, the ligand may be coupled covalently or
non-covalently to a label allowing detection and measure-
ment of the ligand.

[0100] Labelling may be done by direct or indirect meth-
ods. Direct labelling involves coupling of the label directly
(covalently or non-covalently) to the ligand. Indirect label-
ling involves binding (covalently or non-covalently) of a
secondary ligand to the first ligand. The secondary ligand
should specifically bind to the first ligand. Said secondary
ligand may be coupled with a suitable label and/or be the
target (receptor) of tertiary ligand binding to the secondary
ligand. The use of secondary, tertiary or even higher order
ligands is often used to increase the signal. Suitable sec-
ondary and higher order ligands may include antibodies,
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secondary antibodies, and the well-known streptavidin-bi-
otin system (Vector Laboratories, Inc.)

[0101] The ligand or substrate may also be “tagged” with
one or more tags as known in the art. Such tags may then be
targets for higher order ligands. Suitable tags include biotin,
digoxigenin, His-Tag, Glutathion-S-Transferase, FLAG,
GFP, myc-tag, influenza A virus haemagglutinin (HA), mal-
tose binding protein, and the like. In the case of a peptide or
polypeptide, the tag is preferably at the N-terminus and/or
C-terminus. Suitable labels are any labels detectable by an
appropriate detection method. Typical labels include gold
particles, latex beads, acridan-ester, luminol, ruthenium,
enzymatically active labels, radioactive labels, magnetic
labels (“e.g. magnetic beads”, including paramagnetic and
superparamagnetic labels), and fluorescent labels.

[0102] Enzymatically active labels include e.g. horserad-
ish peroxidase, alkaline phosphatase, beta-Galactosidase,
Luciferase, and derivatives thereof. Suitable substrates for
detection include diamino benzidine (DAB), 3,3'~5,5'-tet-
ramethylbenzidine, NBT-BCIP (4-nitro blue tetrazolium
chloride and 5-bromo-4-chloro-3-indolyl-phosphate, avail-
able as ready-made stock solution from Roche Diagnostics),
CDP-Star™ (Amersham Biosciences), ECF™ (Amersham
Biosciences). A suitable enzyme-substrate combination may
result in a colored reaction product fluorescence or chemi-
luminescence, which can be measured according to methods
known in the art (e.g. using a light-sensitive film or a
suitable camera system). As for measuring the enzymatic
reaction, the criteria given above apply analogously.
[0103] Typical fluorescent labels include fluorescent pro-
teins (such as GFP, YFP, RFP and derivatives thereof), Cy3,
Cy5, Texas Red, Fluorescein, the Alexa dyes (e.g. Alexa
568), and quantum dots. Further fluorescent labels are
available e.g. from Molecular Probes (Oregon).

[0104] Typical radioactive labels include *°S, *2°1, 2P, P
and the like. A radioactive label can be detected by any
method known and appropriate, e.g. a light-sensitive film or
a phosphor imager.

[0105] Suitable measurement methods according the
present invention also include precipitation (particularly
immunoprecipitation), electrochemiluminescence (electro-
generated chemiluminescence), RIA (radioimmunoassay),
ELISA (enzyme-linked immunosorbent assay), sandwich
enzyme immune tests, electrochemiluminescence sandwich
immunoassays (ECLIA), dissociation-enhanced lanthanide
fluoro immuno assay (DELFIA), scintillation proximity
assay (SPA), turbidimetry, nephelometry, latex-enhanced
turbidimetry or nephelometry, solid phase immune tests, and
mass spectrometry such as SELDI-TOF, MALDI-TOF, or
capillary electrophoresis-mass spectrometry (CE-MS). Fur-
ther methods known in the art (such as gel electrophoresis,
2D gel electrophoresis, SDS polyacrylamid gel electro-
phoresis (SDS-PAGE), Western Blotting), can be used alone
or in combination with labelling or other detection methods
as described above.

[0106] Preferred ligands include antibodies, nucleic acids,
peptides or polypeptides, and aptamers, e.g. nucleic acid or
peptide aptamers (e.g. spiegelmers or anticalins). Methods
to obtain such ligands are well-known in the art. For
example, identification and production of suitable antibodies
or aptamers is also offered by commercial suppliers. The
person skilled in the art is familiar with methods to develop
derivatives of such ligands with higher affinity or specificity.
For example, random mutations can be introduced into the
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nucleic acids, peptides or polypeptides. These derivatives
can then be tested for binding according to screening pro-
cedures known in the art, e.g. phage display.

[0107] The term “antibody” as used herein includes both
polyclonal and monoclonal antibodies, as well as variants or
fragments thereof, such, as Fv, Fab and F(ab), fragments that
are capable of binding antigen or hapten. The term “anti-
body” also includes single-chain antibodies.

[0108] In another preferred embodiment, the ligand, pref-
erably chosen from the group consisting of nucleic acids,
peptides, polypeptides, or aptamers, is present on an array.

[0109] Said array contains at least one additional ligand,
which may be directed against a peptide, polypeptide or a
nucleic acid of interest. Said additional ligand may also be
directed against a peptide, polypeptide or a nucleic acid of
no particular interest in the context of the present invention.
Preferably, ligands for at least three, preferably at least five,
more preferably at least eight peptides or polypeptides of
interest in the context of the present invention are contained
on the array.

[0110] According to the present invention, the term
“array” refers to a solid-phase or gel-like carrier upon which
at least two compounds are attached or bound in one-, two-
or three-dimensional arrangement. Such arrays (including
“gene chips”, “protein chips”, antibody arrays and the like)
are generally known to the person skilled in the art and
typically generated on glass microscope slides, specially
coated glass slides such as polycation-, nitrocellulose- or
biotin-coated slides, cover slips, and membranes such as, for
example, membranes based on nitrocellulose or nylon.

[0111] The array may include a bound ligand or at least
two cells expressing each at least one ligand.

[0112] In another preferred embodiment, the ligand, pref-
erably chosen from the group consisting of nucleic acids,
peptides, polypeptides, antibodies and aptamers, is present
on a solid support, preferably an array. According to the
present invention, the term “array” (including “gene chips”,
“protein chips”, antibody arrays and the like) refers to a
solid-phase or gel-like carrier upon which at least two
compounds are attached or bound in one-, two- or three-
dimensional arrangement. Solid supports or arrays compris-
ing a ligand or binding agent for a BNP-type peptide are well
known in the art and include, inter alia, commercially
available column materials, polystyrene beads, latex beads,
magnetic beads, colloid metal particles, glass and/or silicon
chips and surfaces, nitrocellulose strips, membranes, sheets,
duracytes, wells and walls of reaction trays, plastic tubes etc.
The ligand or agent may be bound to many different carriers.
Examples of well-known carriers include glass, polystyrene,
polyvinyl chloride, polypropylene, polyethylene, polycar-
bonate, dextran, nylon, amyloses, natural and modified
celluloses, polyacrylamides, agaroses, and magnetite. The
nature of the carrier can be either soluble or insoluble for the
purposes of the invention. Suitable methods for fixing/
immobilizing said ligand or agent are well known and
include, but are not limited to ionic, hydrophobic, covalent
interactions and the like.

[0113] It is also contemplated to use “suspension arrays”
as arrays according to the present invention (Nolan J P, Sklar
L A. (2002). Suspension array technology: evolution of the
flat-array paradigm, Trends Biotechnol. 20(1):9-12). In such
suspension arrays, the carrier, e.g. a microbead or micro-
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sphere, is present in suspension. The array consists of
different microbeads or microspheres, possibly labelled,
carrying different ligands.

[0114] The invention further relates to a method of pro-
ducing arrays as defined above, wherein at least one ligand
1s bound to the carrier material in addition to other ligands.
[0115] Methods of producing such arrays, for example
based on solid-phase chemistry and photo-labile protective
groups, are generally known (U.S. Pat. No. 5,744,305). Such
arrays can also be brought into contact with substances or
substance libraries and tested for interaction, for example for
binding or change of confirmation. Therefore, arrays com-
prising a peptide or polypeptide as defined above may be
used for identifying ligands binding specifically to said
peptides or polypeptides.

[0116] Thus, the invention also relates to the use of a
diagnostic means capable of measuring, preferably in vitro,
a patient’s level of a BNP-type peptide, particularly NT-
proBNP, for diagnosing the patient’s risk of experiencing a
cardiovascular complication as a consequence of future
medication with an ESA.

[0117] The invention also relates to the use of a kit
comprising a means capable of measuring, preferably in
vitro, a patient’s level of a BNP-type peptide, particularly
NT-proBNP, for diagnosing the patient’s risk of experienc-
ing a cardiovascular complication as a consequence of future
medication with an ESA.

[0118] The invention also relates to a kit comprising a
means or an agent for measuring a BNP-type peptide. Such
means or agent may be any suitable means or agent known
to the person skilled in the art. Examples for such means or
agents as well as methods for their use have been given in
this specification. For example, a suitable agent may be any
kind of ligand or antibody capable of specifically binding to
a BNP-type peptide. The kit may also comprise any other
components deemed appropriate in the context of measuring
the level(s) of the respective biomarkers, such as suitable
buffers, filters, etc.

[0119] Optionally, the kit may additionally comprise a
user’s manual for interpreting the results of any measure-
ment(s) with respect to diagnosing the risk of a patient of
experiencing a cardiovascular complication as a conse-
quence of ESA medication, particularly future ESA medi-
cation. Particularly, such manual may include information
about which measured level corresponds to which grade of
risk. This is outlined in detail elsewhere in this specification.
Additionally, such user’s manual may provide instructions
about correctly using the components of the kit for measur-
ing the level(s) of the respective biomarker.

[0120] The invention also relates to the use of said kit for
diagnosing the risk of a patient of experiencing a cardio-
vascular complication as a consequence of medication,
particularly future medication, with an ESA. The present
invention also relates to the use of said kit in any of the
methods according to the present invention for diagnosing
the risk of a patient of experiencing a cardiovascular com-
plication as a consequence of ESA medication, particularly
future ESA medication.

[0121] Moreover, the present invention encompasses a
device for diagnosing the risk of a patient of experiencing a
cardiovascular complication as a consequence of future
medication with an ESA, comprising

[0122] means for measuring the amount of a BNP-type
peptide in a sample from the patient; and
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[0123] means for diagnosing said risk by comparing the
measured level to at least one reference level.

[0124] The present invention also relates to the use of such
device for diagnosing the risk of a patient of experiencing a
cardiovascular complication as a consequence of future
medication with an ESA.

[0125] The term, “device” as used herein, relates to a
system of means comprising at least the aforementioned
means operatively linked to each other as to allow diagnosis
of heart failure. Preferred means for measuring the level of
a BNP-type peptide and for diagnosing the risk are disclosed
elsewhere in this specification in connection with the
method of the invention. How to link the means in an
operating manner will depend on the type of means included
into the device. For example, where means for automatically
measuring the level of the BNP-type peptide are applied, the
data obtained by said automatically operating means can be
processed by, e.g., a computer program in order to diagnose
the risk. Preferably, the means are comprised by a single
device in such a case. Said device may accordingly include
an analyzing unit for measuring the level of the BNP-type
peptide in an applied sample and a computer unit for
processing the resulting data for the diagnosis. Alternatively,
where means such as test stripes are used for measuring the
level of the BNP-type peptide, the means for diagnosing
may comprise control stripes or tables allocating the mea-
sured level to a level known to be accompanied with heart
failure or a level known to be indicative for a healthy
subject; as discussed above. The test stripes are, preferably,
coupled to a ligand or agent which specifically binds to the
BNP-type peptide. The strip or device, preferably, comprises
means for detection of the BNP-type peptide binding to the
said ligand or agent. Preferred means for detection are
disclosed in connection with embodiments relating to the
method of the invention above. In such a case, the means are
operatively linked in that the user of the system brings
together the result of the determination of the amount and
the diagnostic value thereof due to the instructions and
interpretations given in a manual. The means may appear as
separate devices in such an embodiment and are, preferably,
packaged together as a kit. The person skilled in the art will
realize how to link the means without farther ado. Preferred
devices are those which can be applied without the particular
knowledge of a specialized clinician, e.g., test stripes or
electronic devices which merely require loading with a
sample. The results may be given as output of a diagnostic
parameter or raw data which need interpretation by the
clinician. Further preferred devices comprise the analyzing
units/devices (e.g., biosensors, arrays, solid supports
coupled to ligands or agents specifically recognizing BNP,
Plasmon surface resonance devices, NMR spectrometers,
mass spectrometers etc.) or evaluation units/devices referred
to above in accordance with the method of the invention.
[0126] The method according to the present invention
comprises the step of diagnosing the risk of the patient by
comparing the measured level of the BNP-type peptide to at
least one reference level, e.g. to known levels associated
with different grades of risk in a patient.

[0127] According to the present invention, the term “risk”
relates to the probability of a particular incident, more
particularly a cardiovascular complication, to take place. For
example, arisk can be that the given incident is going to take
place with a probability of at least 2%, 5%, 10%, 15% or
20% in a given patient within a particular time, e.g. 500, 750,
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1000, or 1250 days. Clinical studies can provide data
indicating such risks. The given risk can be derived e.g. from
a suitable Kaplan-Meier plot for time to a given incident see
e.g. Example 3 and also the particular risks and hazard
rations mentioned therein.

[0128] Although the risk can be expressed in absolute
values, it may frequently be more useful to express the risk
in relative terms, e.g. in terms of a increased or highly
increased risk relative to a particular given risk. The person
skilled in the art is very familiar with such relative terms. For
example, there is an average given risk of experiencing a
cardiovascular complication in the general population. How-
ever, it may be more relevant to know, whether a particular
patient has an additional risk of experiencing a cardiovas-
cular complication, so that the total risk of this patient is
“increased”. Advantageously, the present invention also
allows diagnosing such a relative risk.

[0129] A relative risk can be expressed in terms of hazard
ratios. The term “hazard ratio” is known to the person skilled
in the art. It can express the relation of the risk between two
subgroups e.g. the hazard ratio between a high dosage group
and the low dosage group. Another example is a hazard ratio
between a high dosage group versus a low dosage group for
a low level of BNP-type peptide versus for a high level of
BNP-type peptide. A difference in the hazard ratios is known
as interaction to be extracted from interaction models, e.g. of
dosage groups with certain BNP-levels. The terms interac-
tion and interaction model are known to the person skilled
in the art.

[0130] Particularly, the present invention allows to iden-
tify patients at increased risk of experiencing a cardiovas-
cular complication if treated with a high dosage of an ESA
(i.e. aimed at a high target level of hemoglobin), respec-
tively.

[0131] For example, the risk can be increased, or highly
increased. The risk can also not be increased. The person
skilled in the art is familiar with the meaning of these terms.
For example, if a particular patient has a higher risk than an
average patient, then the person skilled in the art will usually
designate such risk as “increased”. Preferably, the term
“increased risk” is understood as indicating that the patient
should not be treated with a high dosage of an ESA.
Preferably, a patient having an increased risk should be
monitored with additional care concerning the development
of any cardiovascular complications. The person skilled in
the art will understand that the final decision about treatment
will be with the responsible physician who will consider
additional relevant factors, such as the age of the patient,
family history of cardiovascular complication, the availabil-
ity of monitoring possibilities etc.

[0132] In the context of the invention, an increased risk of
experiencing a cardiovascular complication as a conse-
quence of administration of an ESA particularly relates to an
increase of the risk of at least by 1.5 times, 2 times, 3 times,
3.5 times or 4 times as compared to the risk of an average
patient, preferably of an average patient of the same age and
gender, more preferably to a patient of same age, gender and
disorder causing symptoms treatable with ESA medication
(e.g. diabetes or cancer. Further disorders causing symptoms
treatable with ESA medication have already been mentioned
elsewhere in this specification).

[0133] The person skilled in the art is able to determine
known levels of BNP-type peptides which are associated
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with different grades of risk of experiencing a cardiovascular
complication as a consequence of ESA medication.

[0134] According to the invention, the higher the mea-
sured level of the BNP-type peptide, the higher is the risk of
experiencing a cardiovascular complication.

[0135] Preferably, the risk is determined by comparing the
measured level of the BNP-type peptide to a reference level.
The term “reference level” is known to the person skilled in
the art. Particularly, a reference level may be associated with
a particular risk or it may distinguish between different
grades of risk. It will be appreciated that the reference level
may also be chosen according to the desired sensitivity or
specificity of diagnosis. A higher sensitivity means that a
higher fraction of all patients having a particular diagnosis
are identified and/or that less patients having a particular
diagnosis are misdiagnosed as not having the diagnosed
disease, complication, or risk. A higher specificity means
that a higher fraction of the patients identified as having a
particular diagnosis do indeed have the diagnosed disease,
complication, or risk. The higher the desired sensitivity for
a particular diagnosis, the lower is the specificity of this
diagnosis and vice versa. Therefore, the reference level may
be chosen by the person skilled in the art according to the
desired sensitivity and specificity.

[0136] In the context of this discussion, it is evident that
a reference level may not only be a single value, but it may
also include a range of values.

[0137] More particularly, reference levels can be derived
from levels of BNP-type peptides determined e.g. in clinical
studies such as presented in the examples.

[0138] Examples for reference levels are given below,
namely plasma levels of NT-proBNP are given which have
been found in the course of the invention to be associated
with or distinguishing the indicated grades of risk of expe-
riencing a cardiovascular complication as a consequence of
ESA medication.

[0139] It is evident, that the levels given below can serve
only as a first classification of the risk of a patient. For
example, the risk may also be dependent on the spare
pumping capacity of heart of the particular patient.

[0140] According to the invention, e.g. a level correspond-
ing to a plasma level of less than 500 pg/ml, more particu-
larly less than 400 pg/ml, most particularly less than 300
pg/ml of NT-proBNP is associated with no increased risk of
experiencing a cardiovascular complication as a conse-
quence of ESA medication.

[0141] According to the invention, e.g. a level correspond-
ing to a plasma level of equal or more than 300 pg/ml, more
particularly equal or more than 400 pg/ml, most particularly
equal or more than 500 pg/ml of NT-proBNP is associated
with an increased risk of experiencing a cardiovascular
complication as a consequence of ESA medication.

[0142] According to the invention, e.g. a level correspond-
ing to a plasma level of equal or more than 1000 pg/ml of
NT-proBNP may indicate a highly increased risk at which it
may be reconsidered whether the patient should be treated
with ESA at all.

[0143] It is evident that the given levels may overlap,
depending on the chosen sensitivity and specificity. There-
fore, according to the invention, e.g. a level corresponding
to a plasma level of 300 to 500 pg/ml, more particularly 350
to 450 pg/ml, more particularly 380 to 420 pg/ml, particu-
larly of 400 pg/ml of NT-proBNP is able to distinguish
between no increased risk and increased risk of experiencing
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a cardiovascular complication as a consequence of ESA
medication. If the measured level is higher than this distin-
guishing level, then the measured level indicates an
increased risk of experiencing a cardiovascular complication
as a consequence of ESA medication. Such distinguishing
level may also be called “cut-off” or “decision threshold”.
[0144] Once the risk in a patient has been diagnosed, it
may have consequences for the subsequent treatment as
described below. The grades of risk mentioned below par-
ticularly refer to the grades of risk associated with the above
described levels of NT-proBNP.

[0145] If a method according to the present invention
indicates no increased risk, then treatment may be continued
as planned, e.g. a high dosage of ESA may be administered
(or correspondingly it may be aimed at a high target level of
ESA). The ESA treatment my he accompanied by monitor-
ing the NT-proBNP a levels at loosely spaced intervals e.g.
every 4 weeks, 2 months, or 3 months.

[0146] The reference level may be adapted for particular
groups of patients. For example, the reference level for
measurement in blood samples may be increased by
10-30%, more preferably 15-25%, more preferably 20% for
patients suffering from renal disease.

[0147] If a method according to the present invention,
indicates an increased risk, then treatment may be adapted.
Preferably, treatment will be accompanied by further mea-
suring of the level of the BNP-type peptides of the invention
and by further diagnosis, such as electrocardiography,
echocardiography, or any other suitable methods known to
the skilled cardiologist. The dosage of ESA medication may
be reduced or no ESA medication may be administered.
Therefore, the present invention also provides a method of
treating a patient who is receiving or about to receive ESA
medication.

[0148] As already mentioned, the present invention also
allows determining an optimized dosage of medication with
an ESA, particularly with respect to the cardiovascular risk
of the patient. Therefore, the present invention also relates a
method for determining the dosage of medication, prefer-
ably future medication, of an ESA to be administered to a
patient particularly with respect to the risk of the patient of
experiencing a cardiovascular complication as a conse-
quence of said ESA medication, comprising the steps of (a)
measuring, preferably in vitro, the level of a BNP-type
peptide in the patient, (b) determining the dosage to be
administered to the patient by comparing the measured level
of the BNP-type peptide to at least one reference level
distinguishing between different dosages to be administered.
[0149] If a dosage of medication with an ESA is chosen,
it is generally desirable to choose the highest possible
dosage that does achieve eflicient treatment of anemia but
does not cause undesired side-effects. However, if the
responsible physician is not aware of the risk of a particular
undesired side-effect, such as cardiovascular complication,
then he may accidentally choose a dosage which is too high
and may result in a cardiovascular complication. In contrast,
if the physician can not determine a given risk, then he may
choose a dosage which is too low to reach optimal thera-
peutic benefit, particularly eflicient treatment of anemia.
[0150] Preferably, the dosage should be high enough to
sufficiently treat anemia, in order to reduce the strain on the
heart. Preferably, the dosage should be low enough to avoid
cardiovascular complication resulting from the ESA medi-
cation.
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[0151] Advantageously, the present invention provides (1)
information that there is a risk of experiencing a cardiovas-
cular complication as a consequence of ESA treatment, and
(2) information regarding optimizing the dosage of the ESA
(particularly according to the target hemoglobin level) in
order to minimize the risk of cardiovascular complication.

[0152] The invention (3) also provides information of
whether ESA treatment may be started in cases of relatively
mild anemia, i.e. already at relatively high levels of Hb in a
patient (e.g. at 11.0 to 12.5 g/dl) (“early treatment”) or rather
only in slightly more severe anemia (e.g. less than 10.5 g/dl,
or at 9.5 to 10.5 g/dl Hb) (“late treatment™).

[0153] More particularly, if the level of the BNP-type
peptide indicates an increased risk of experiencing a car-
diovascular complication (such as described elsewhere in
this specification), then it indicates that the patient should
not be treated with a high dosage of an ESA and/or it
indicates that the patient may only be treated with a low
dosage of an ESA and/or it indicates that treatment should
not be initiated early. It may also indicate that the patient
should not be treated with an ESA. It may also indicate that
the patient should additionally be treated as described for the
case of an increased risk, preferably the patient should
additionally be further monitored as described elsewhere.

[0154] In the context of the invention, the terms “low
dosage” and “high dosage” of an ESA are preferably under-
stood as dosages required to increase the hemoglobin level
to a certain target value. Thus, the terms “low dosage” and
“high dosage” may also be understood as relating to a
“partial” versus a “full” correction of anemia. A low dosage
preferably relates to an ESA dosage not higher than required
to reach a Hb level of 13 g/dl, more preferably a dosage not
higher than required to reach a Hb level of 12 g/dl. Examples
for low dosages may include ESA dosages aimed at reaching
a target Hb level of 9, 9.5, 10, 10.5, 11, 11.5, 12, 12.5, or 13
g/dl. A high dosage preferably relates to an ESA dosage
sufficient to reach a Hb level of at least 14 g/dl, more
preferably a dosage sufficient to reach a Hb level of 14.5
g/dl. Examples for high dosages may include ESA dosages
aimed at reaching a target Hb level of 14, 14.5, 15 g/dl.

[0155] Alternatively, the term “low dosage” and “high
dosage” may be understood as dosages capable of increasing
the Hb level by less than 2 g/dl particularly by less than 1,5
g/dl, 1 g/dl, or 0,5 g/dl (low dosages) or by at least 2 g/dl,
2,5 g/dl, or 3 g/dl (high dosages).

[0156] For example, a high dosage may correspond to a
dosage sufficient to maintain a target level of 13 to 15 g/dl
hemoglobin in a patient with a level of 11.0 to 12.5 g/dl
hemoglobin before onset of ESA medication. In another
example, a low dosage may correspond to a dosage sufficient
to maintain a target of 10.5 to 11.5 g/dl hemoglobin in a
patient with a level of less than 10.5 g/dl hemoglobin,
preferably with a level between 9.5 and 10.5 g/dl, before
onset of ESA medication.

[0157] The invention provides means and methods regard-
ing diagnosis of the risk of experiencing a cardiovascular
complication as a consequence of ESA treatment. In par-
ticular, the teaching of the invention relates to ESA dosages
previously considered not to be associated with the risk of
experiencing a cardiovascular complication, e.g. a dosage
which is not higher than required to reach a hemoglobin
concentration in blood of at least 17, 18, 19, or 20 g/dl. Thus
the teaching of the present invention relates already to
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dosages which do not cause hyperviscosity of the blood or
any other adverse events known in the context of blood
doping in athletes.

[0158] It will be appreciated that the above given values
for “low” or “high” dosage do not relate to dosages required
in healthy individuals (in which no ESA may be required at
all to reach said levels), but to dosages administered to
patients suffering torn anemia. In particular, the levels relate
to patients having an Hb level (before ESA treatment
commences) of less than 12 g/dl, particularly less than 10
g/dl, more particularly less than 9 g/dl, most particularly less
than 8 g/dl in a male patient, or to an Hb level (before ESA
treatment commences) of less than 11 g/dl, particularly less
than 10 g/dl, more particularly less than 9 g/dl, most
particularly less than 8 g/dl in a female patient.

[0159] The person skilled in the art is familiar with
methods to determine ESA dosages in order to reach a
certain level or target value of Hb. For example, in an
anemic patient (e.g. having an Hb level of 9.5 to 12.5 g/dl)
treatment may be initiated with a dosage corresponding to
2000 international units of NeoRecormon, administered
subcutaneously once a week. The Hb level in such patient
would be measured e.g. after a week or after a month and the
dosage would be further adapted until a treatment regimen
is found that meets a given target value. There may be
further adapting and monitoring of the dosage, e.g. depend-
ing on disease progression. It will be appreciated that the
actually reached Hb levels may fluctuate to a certain degree,
e.g. depending on the frequency of administration of the
ESA or the progression of the disease.

[0160] Any preferred embodiments or features mentioned
in this description do of course apply correspondingly to the
aspect of determining of the dosage of ESA medication.

[0161] The invention also relates to monitoring the risk of
experiencing a cardiovascular complication as a conse-
quence of medication, particularly future medication, with,
an ESA. Furthermore, the invention also relates to further
monitoring the risk once the risk it has been diagnosed.
More particularly, the monitoring relates to monitoring in a
patient in whom at the time of such first measurement or
diagnosis any previous medication with an ESA, more
particularly erythropoietin or a variant thereof, has taken
place at least one month, particularly at least 2 months, more
particularly at least 6 months, more particularly at least 1
year before the time of measurement or diagnosis. Even
more particularly, at the time of first measurement or diag-
nosis the patient has not had any previous medication with
an ESA. The invention also relates to monitoring the current
cardiovascular status in any such patient.

[0162] The term “monitoring” is known to the person
skilled in the art and has been defined elsewhere in this
specification. More particularly, monitoring may be carried
out by diagnosing the risk of the patient in regular intervals,
for examiples at intervals of approximately 2 hours, 10 hours,
1 day, 2 days, 3 days, 4 days, 1 week, 2 weeks, 3 weeks, 4
weeks, 1 month, 2 months, 4 months, 6 months, or 1 year.
The term “approximately” in this context is understood by
the person skilled in the art. Therefore, the actual interval
may also deviate from an intended regular interval depend-
ing on practical circumstances such as arranging for suitable
appointments etc. Particularly the interval may e.g. deviate
by up to 100%, preferably up to 50%, more preferably up to
25%, more preferably up to 10%.
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[0163] The monitoring may be carried out accompanying
medication with an ESA nor not accompanying treatment
with an ESA. The monitoring also allows to further adapt
and optimize the dosage of an ESA medication.

[0164] Any preferred embodiments or features mentioned
in this description do of course apply correspondingly to the
aspect of monitoring.

[0165] In another embodiment, the present invention
relates to a method for deciding on treatment of a patient
with ESA medication and/or for deciding about the dosage
of a planned ESA medication, comprising the steps of (a)
measuring, preferably in vitro, the level of a BNP-type
peptide, (b) diagnosing the risk of the patient of experienc-
ing a cardiovascular complication as a consequence of ESA
medication by comparing the measured level of the BNP-
type peptide to known levels associated with different grades
of risk in a patient, (c) optionally initiating an examination
of the patient by a cardiologist, (d) recommending the
initiation of the treatment or refraining from the treatment,
optionally in consideration of the result of the patient’s
examination by the cardiologist. Preferably, initiating an
examination by a cardiologist and/or refraining from treat-
ment is recommended if the method indicates the presence
of a an increased risk of experiencing a cardiovascular
complication as a consequence of medication with an ESA.
It is evident that the method may be adapted according to all
embodiments or preferred aspects of the invention men-
tioned in this specification.

[0166] The following examples illustrate the invention
and are not intended to limit its scope in any way.

[0167] Finally, the present invention also encompasses the
use of the devices described herein above or BNP-type
peptide or variant thereof for diagnosing the risk of a patient
of experiencing a cardiovascular complication as a conse-
quence of future medication with an ESA.

[0168] All references cited in this specification are here-
with incorporated by reference, with respect to their entire
disclosure content and the disclosure content specifically
mentioned in this specification.

Specific Embodiments
EXAMPLE 1
Measurement of NT-proBNP

[0169] NT-proBNP is determined by an electrochemolu-
minescence immunoassay (ELECSYS proBNP sandwich
immunoassay; Roche Diagnostics, Mannheim, Germany) on
ELECSYS 2010. The assay works according to the electro-
chemoluminescence sandwich immunoassay principle. In a
first step, the biotin-labelled IgG (1-21) capture antibody, the
ruthenium-labelled F(ab'), (39-50) signal antibody and 20
microliters of sample are incubated at 37° C. for 9 minutes.
Afterwards, streptavidin-coated magnetic microparticles are
added and the mixture is incubated for additional 9 minutes.
After the second incubation, the reaction mixture is trans-
ferred to the measuring cell of the system where the beads
are magnetically captured onto the surface of an electrode.
Unbound label is removed by washing the measuring cell
with buffer.

[0170] In the last step, voltage is applied to the electrode
in the presence of a tri-propylamine containing buffer and
the resulting electrochemoluminescent signal is recorded by
a photomultiplier. All reagents and samples are handled fully
automatically by the ELECSYS® instrument. Results are
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determined via a calibration curve which is instrument-
specifically generated by 2-point calibration and a master
curve provided via the reagent barcode. The test is per-
formed according to the instructions of the manufacturer.

EXAMPLE 2
Obtaining Samples

[0171] Blood for BNP-type peptide analysis is sampled in
EDTA-tubes containing 5000 U aprotinine (Trasylol, Beyer,
Germany) and Lithium-Heparin-tubes (for clinical chemis-
try), as appropriate. Blood and urine samples are immedi-
ately spun for 16 min. at 3400 rpm at 4° C. Supernatants are
stored at -80° C. until analysis.

EXAMPLE 3

Objective

[0172] The CREATE, study was an open, randomized,
parallel group, multi-center study to investigate the effect of
early anemia correction with epoetin beta on the reduction of
cardiovascular risk in patients with chronic renal anemia
who are not on renal replacement therapy. The primary
objective of the study was to investigate the effect of early
epoetin beta treatment to a target hemoglobin (Hb) level of
13-15 g/dL, on cardiovascular morbidity and compare these
effects with those attained with epoetin beta treatment to
maintain a target Hb level of 10.5-11.5 g/dL..

Method

[0173] The primary endpoint was the combined endpoint
of all protocol-specified cardiovascular events (time to first
event): angina pectoris leading to hospitalization for at least
24 hrs or prolongation of hospitalization, acute heart failure,
fatal or non-fatal myocardial infarction, fatal or non-fatal
stroke, sudden death, transient cerebral ischemic attack
(TTA), peripheral vascular disease (amputation, necrosis),
cardiac arrhythmias leading to hospitalization for at least 24
hrs or prolongation of hospitalization.

Secondary Variables

[0174] Cardiovascular mortality, all cause mortality,
chronic heart failure (NYHA classification), cardiovas-
cular interventions: time to event and frequency of
episodes

[0175] Hospital admissions and duration of hospitaliza-
tions for cardiovascular reasons

[0176] Left ventricular mass index, left ventricular vol-
ume, left ventricular ejection fraction, fractional myo-
cardial shortening

[0177] Quality of Life (SF-36 questionnaire)

[0178] In the NT-proBNP sub study additional lab mea-
surements were taken at baseline, at 6, 12, 24, 36 and 48
month for a subset of patients in the CREATE study.
Measurements taken are NT-proBNP and some other lab
measurements.

[0179] The entire study cohort was followed for the occur-
rence of adverse events including cardiac and cardiovascular
(CV) adverse events. All CV events were classified by
professional Roche drug safety staff into MedDRA (Medical
Dictionary of Regulatory Activities) categories. Cardiac
Events comprised specific events like angina pectoris,
arrhythmias, acute or chronic heart failure, myocardial inf-
arction, bradycardia and tachycardia. Cardiovascular events
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contain in addition events related to the vascular system
such as hypertension, hypotension, peripheral vascular dis-
ease or deep vein thrombosis. It is typical for adverse events
recordings that also non-specific disorders were noted under
cardiovascular events such as palpitations or flush.

Analysis

[0180] In a first preliminary analysis baseline NT-proBNP
levels of 266 patients of the CREATE study population were
stratified into the 2 treatment groups. (“Hb high”=Hb target
value 13-15 g/dL and “Hb low”=Hb target value 10.5-11.5
pg/dL). Furthermore the groups were divided by the pre-
liminary median NT-proBNP level of the entire cohort (>
and <400 pg/ml ). The time to first cardiac event as defined
by the primary endpoint of the study was plotted in a Kaplan
Meier graph (e.g. fraction of the population who have not
experienced this particular event.) FIG. 1. Hazard ratios (i.e.
factor by which the respective risk is increased or decreased)
were calculated and p values<0.05 were considered signifi-
cant. Equally Kaplan-Meier plots for time to first cardiac
adverse event and cardiovascular event were generated
(F1G.2-3).

Preliminary Results

[0181] An overview of the incidence rates (ignoring the
timing of the events) of the 2 treatment groups is provided
by the following table:

CV AE primary CV-endpoint
NT-proBNP  NT-proBNP  NT-proBNP  NT-proBNP
<400 =400 <400 =400
Hb low 47% 49% 11% 21%
Hb high 40% 68% 11% 35%

[0182] In the patients group with NT-proBNP baseline
levels below 400 pg/ml no difference in incidence with
respect to the primary CV endpoint or cardiovascular
adverse events is apparent for the 2 treatment groups,
whereas those with baseline values above 400 pg/ml show
higher incidences in particular for the ‘Hb high’ group. A
closer analysis by ‘time-to-event” methods showed that a
statistically significant higher risk of experiencing the pri-
mary cardiovascular midpoint was observed in the “Hb
high” treatment group (>3,7 fold) and a strong trend for the
“Hb low” group, just not reaching statistical significance
(FIG. 1).

[0183] Patients with values above 400 pg/ml compared to
those with values below 400 pg/ml experienced statistically
significantly more cardiac events in both treatment strategy
groups with a higher risk ratio for the “Hb high” group (FIG.
2). For cardiovascular adverse events the risk was statisti-
cally significant higher in the group that was treated with the
high target value strategy than in the low target value
strategy (patient group with baseline values “>400 pg/ml)
(FIG. 3). The results of the risk analysis for the primary
endpoint and cardiovascular adverse events are summarized
in the forest plot (FIG. 4), which shows the estimated risk
ratios together with confidence intervals.
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Conclusion

[0184] Preliminary results indicate that NT-proBNP could
identify a patient population (baseline levels below 400
pg/ml) within the CREATE population that can be treated
safely with epoetin beta with the low and high target Hb
strategy. In patients with NT-proBNP levels above 400
pg/ml at baseline the marker identifies a group of patients at
a higher risk for cardiac and cardiovascular events. The
cut-off 400 pg/ml is a preliminary choice and there is the
possibility of other choices depending on clinical decision
situation. A careful risk benefit analysis in particular for the
high target Hb strategy is indicated, including a close
monitoring of the CV-status for this treatment strategy.

What is claimed is:

1. A method for diagnosing the risk of a patient of
experiencing a cardiovascular complication as a conse-
quence of future medication with an erythropoiesis stimu-
lating agent (ESA), the method comprising the steps of:

(a) measuring the level of a brain natriuretic peptide

(BNP)-type peptide or a variant thereof in a sample
from the patient, and

(b) diagnosing said risk by comparing the measured level

of the BNP-type peptide or variant thereof to at least
one reference level.

2. The method according to claim 1, wherein step (a) is
carried out before the patient has received medication with
an ESA.

3. The method according to claim 1, wherein steps (a) and
step (b) are carried out before the patient has received
medication with an ESA.

4. The method according to claim 1, wherein the BNP-
type peptide is BNP, N-terminal (NT)-proBNP or a variant
thereof.

5. The method according to claim 1, wherein the BNP-
type peptide is NT-proBNP or a variant thereof.

6. The method according to claim 1, wherein the reference
level corresponds to a plasma level of NT-proBNP of 300 to
500 pg/ml.

7. The method according to claim 1, wherein the reference
level corresponds to a plasma level of NT-proBNP of 350 to
450 pg/ml.

8. The method according to claim 1, wherein a measured
level above the reference level indicates that the risk is
increased.

9. The method according to claim 1, wherein the reference
level corresponds to a plasma level of NT-proBNP of 300 to
500 pg/ml and wherein a measured level above said refer-
ence level indicates that the risk is increased.

10. The method according to claim 1, wherein a measured
level above the reference level indicates that the risk is
increased by at least 1.5 times compared to the risk of an
average patient.

11. The method according to claim 1, wherein a measured
level above the reference level indicates that the risk is
increased by at least 2 times compared to the risk of an
average patient.

12. The method according to claim 1, wherein a measured
level above the reference level indicates that the patient
should not be treated with a high dosage of an ESA.

13. The method according to claim 1, wherein a measured
level above the reference level indicates that the patient
should not be treated with a high dosage of an ESA and
wherein said high dosage of the ESA corresponds to a
dosage sufficient to reach a hemoglobin concentration in
blood of at least 14 pg/dl.
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14. The method according to claim 1, wherein a measured
level above the reference level indicates that the patient
should not be treated with a high dosage of an ESA and
wherein said high dosage of the ESA corresponds to a
dosage sufficient to reach a hemoglobin concentration in
blood of at least 14.5 g/dl.

15. The method according to claim 1, wherein steps (a)
and (b) are carried out before the patient has received
medication with an ESA, and wherein a measured level
above the reference level indicates that the risk is increased
by at least 1.5 times as compared to the risk of an average
patient.

16. The method according to claim 1, wherein steps (a)
and (b) are carried out before the patient has received
medication with an ESA, and wherein a measured level
above the reference level indicates that the patient should
not be treated with a high dosage of an ESA.

17. The method according to claim 1, wherein the ESA is
selected from the group consisting of erythropoietin isolated
from urine, epoetin beta, epoetin delta, epoetin omega,
darbepoetin alpha, and CERA continuous erythropoiesis
receptor activator.

18. The method according to claim 1, wherein the car-
diovascular complication is selected from the group con-
sisting of coronary heart disease, acute coronary syndrome,
myocardial infarction, left ventricular dysfunction, conges-
tive heart failure, and thrombosis.

19. The method according to claim 1, wherein the level of
the BNP-type peptide is measured using a specifically
binding ligand.

20. The method according to claim 1, wherein the level of
the BNP-type peptide is measured using a specifically
binding antibody or aptamer.

21. A kit comprising a means capable of measuring in
vitro a patient’s level of a BNP-type peptide and a user’s
manual for interpreting the results of any measurement(s)
with respect to diagnosing the risk of a patient of experi-
encing a cardiovascular complication as a consequence of
ESA medication.

22. A device for diagnosing the risk of a patient of
experiencing a cardiovascular complication as a conse-
quence of future medication with an ESA, the device com-
prising:

a means for measuring the amount of a BNP-type peptide

or a variant thereof in a sample from the patient; and

a means for diagnosing said risk by comparing the mea-

sured level to at least one reference level.

23. A method for deciding on future medication of a
patient with an ESA comprising the steps of:

measuring in vitro the level of a BNP-type peptide or a

variant thereof,

diagnosing the risk of the patient experiencing a cardio-

vascular complication as a consequence of the planned
medication by comparing the measured level of the
BNP-type peptide or variant thereof to at least one
reference level, and

recommending to refrain from the ESA medication or

recommending only medication with a low dosage of
the ESA if the method indicates the presence of an
increased risk of experiencing a cardiovascular com-
plication as a consequence of the ESA medication.
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