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DESCRIPTION

[0001] The present invention relates to a method for detecting at least one artificially
synthesized direct factor Xa inhibitor in a urine sample, comprising the step of mixing a urine
sample containing an artificially synthesized factor Xa inhibitor with a composition containing
factor Xa under conditions which allow the factor Xa to release a detectable substance from a
chromogenic substrate.

[0002] Blood coagulation tests are conducted on plasma samples from humans/animals by
making blood samples incoagulable with sodium citrate (volume ratio blood/anticoagulant 9:1).
To conduct the determination of individual measurement values of the blood coagulation, blood
is centrifuged and the cells (in the sediment) are separated from the liquid blood components
(plasma). To measure the blood coagulation, calcium chloride and an activator of the blood
coagulation are added to the plasma. In special methods for determining individual clotting
factors or exogenous inhibitors, photometric proof is used. In these methods, the colorant
para-nitroaniline is released by an exogenously added coagulation enzyme (e.g. factor Xa)
from a chromogenic substrate (N-benzoyl-L-isoleucyl-L-glutamyl-L-glycyl-L-arginine-para-
nitroaniline hydrochloride and others), the activity/concentration of factor Xa inhibitors or
substances inhibiting factor Xa being measured in a concentration-dependent manner. The
result is a linear or sigmoidal decrease of the release of para-nitroaniline, measured at 405
nanometers in the photometer, depending on the concentration of the factor Xa inhibitor
(Harenberg J, Modified anti-factor Xa chromogenic substrate assay for heparin and low
molecular weight heparins Arzil. Lab. 1987, 33: 39-41).

[0003] For other tests in blood, such as liver enzymes, kidney parameters, electrolytes or
cholesterol, blood is coagulated by the addition of an activator (e.g. kaolin). Here, the
coagulation proteins, antithrombin and fibrinogen are used. These factors are mixed with blood
cells in a blood clot in the coagulum in a coagulation tube, into which blood is withdrawn.
Serum can be found in the supernatant, which does not contain these coagulation proteins.
The measurement of these clinical-chemical parameters is easier in serum. Concentrations of
drugs are measured in serum as well, except for the coagulation drugs for clinical use.

[0004] Heparins, low-molecular-weight heparins, heparinoids, fondaparinux and other
polysaccharides need cofactors in the blood (antithrombin, heparin cofactor II) to activate their
anticoagulative effect or to accelerate it by as much as 1000 times. These cofactors are
present in plasma, so that citrate plasma samples are used for analyzing the activity of the
inhibitors of blood coagulation. Tests in serum are not possible with methods for the clinical
routine (Harenberg J, Neue Antikoagulantien. Zett Verlag, Steinen, 2007).

[0005] Other inhibitors of blood coagulation do not need cofactors in the blood to become
active. These are so-called direct coagulation inhibitors of coagulation enzymes. The most
important ones for the time being are the group of direct factor Xa and thrombin inhibitors.
Their activity/concentration is measured in citrate plasma with different methods/activators.
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Rivaroxaban is the first one of the oral direct factor Xa inhibitors to be clinically used. The
relevant determination methods for detecting the concentration/activity of rivaroxaban are
published. All analyses are made with plasma anticoagulated with citrate (Samama MM,
Martinoli J, Leflem L, et al. Assessment of laboratory assays to measure rivaroxababan - on
oral, direct factor Xa inhibitor. Thromb Haemost 2010; 103: 815-825; Tripodi A, Guinet C,
Samama M. The Internationalized Normalized Ratio (INR) Calibrated for Rivaroxaban
(INRivaroxaban) Normalizes Prothrombin Time Results for Patients Treated with this Drug. J
Thromb Haemost 2010,online available; Harenberg J, Marx S, Kramer R et al. Reduction of
variability between prothrombin time reagents of plasma samples containing rivaroxaban using
the WHO/RBT 90 thromboplastin reagent, submitted for publication).

[0006] So far, there have not been any detection methods in the clinical-chemical routine for
inhibitors of blood coagulation from serum. Serum has different advantages over plasma: In
medicine, serum samples are more often taken from patients than plasma samples. The blood
withdrawal is less susceptible to influences for serum samples than for plasma samples. In the
case of a "bad" blood withdrawal, blood coagulation can be activated. Thereby, the results are
influenced by the clotting factors. This is not possible for serum samples, since a blood
coagulation is performed in the tube after the withdrawal.

[0007] Current solutions have the disadvantage of requiring a separate blood withdrawal for
obtaining plasma samples for the analysis. Antithrombin, factor X/Xa and other coagulation
proteins are contained in the patients' plasma in different quantities. This influences the test
result. A blood withdrawal involves the risk of local side effects, such as hematoma, or
generalized side effects, such as inflammation of the vein or transmission of infection (e.g.
hepatitis, HIV).

[0008] In this context, Berrettini ef al. (Berrettini, M. et al.; Am J Clin Pathol, 103(4); 1995; pp.
391-395) describes a chromogenic substrate assay of tissue factor pathway inhibitor activity in
plasma and serum. Further, Van Dreden et al. (Van Dreden, P. et al.; Blood, 102(11); 2003; pp.
120b-121b) describes chromogenic substrate assays for indirect Fondaparinux anti-factor Xa
activity in plasma. Furthermore, Samama et al. (Samama, M. M. et al.; Thrombosis and
Haemostasis, 104(5); 2010; pp. 1078-1079) describes a chromogenic assay for factor Xa
inhibitors in plasma.

[0009] Thus, the problem underlying the present invention is to provide new means for an
efficient detection of factor Xa inhibitors which overcome the shortcomings of the protocols
known in the art.

[0010] The solution to the above technical problem is achieved by the embodiments
characterized in the claims.

[0011] In particular, the present invention relates to a method for detecting at least one
artificially synthesized direct factor Xa inhibitor in a urine sample, comprising the steps of:
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1. (a) providing a urine sample containing at least one artificially synthesized direct factor
Xa inhibitor;

2. (b) providing a composition containing factor Xa;

3. (c) providing a composition containing a chromogenic substrate conjugated to a
detectable substance;

4. (d) mixing the urine sample of step (a) with the composition of step (b) and the
composition of step (¢) under conditions which allow the binding of the at least one
artificially synthesized direct factor Xa inhibitor to factor Xa and which allow the factor Xa
to release the detectable substance from the chromogenic substrate; and

5. (e) measuring the amount of released detectable substance.

[0012] According to the present invention, the term "factor Xa" does not underlie a specific
restriction and may include any activated factor Xa obtained from a natural source or via
recombinant DNA technology, or a biologically active derivative thereof.

[0013] As used herein, the term "biologically active derivative" includes any derivative of a
protein, protein complex or polypeptide having substantially the same functional and/or
biological properties of FXa such as binding properties, and/or the same structural basis, such
as a peptidic backbone. The polypeptide sequences of the functionally active derivatives may
contain deletions, additions and/or substitution of amino acids whose absence, presence
and/or substitution, respectively, do not have any substantial negative impact on the activity of
the polypeptide, e.g. amino acids which are located in a part of the polypeptide sequence that
does not contribute to the biological activity of the protein. Minor deletions, additions and/or
substitutions of amino acids of the respective polypeptide sequences which are not altering the
biological activity of said polypeptide are also included in the present application as biologically
active derivatives.

[0014] A factor Xa obtained from a natural source may be any factor Xa isolated from a blood
product derived from a mammal. In a preferred embodiment of the present application, the
mammal is selected from the group consisting of mouse, human, rat, cat, dog, and monkey. In
a particularly preferred embodiment, the factor Xa is isolated from a blood product of a human.
In a preferred embodiment of the present application, the factor Xa is isolated from a blood
product selected from the group consisting of whole blood, serum, or plasma, including
isolated blood compounds and processed blood products. A factor Xa obtained from a natural
source may be a factor Xa obtained by isolating factor X from a blood product as defined
above and subsequently activating the isolated factor X, to become factor Xa, e.g. by using any
thromboplastin or by using viper venom, such as Russell's viper venom.

[0015] The factor Xa according to the present invention may be produced by any method
known in the art. This may include any method known in the art for the production of
recombinant DNA by genetic engineering, e.g. via reverse transcription of RNA and/or
amplification of DNA. This includes methods which comprise the recombinant production of
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factor X and the subsequent activation of factor X, e.g. by using thromboplastin of by using
Russell's viper venom, in order to obtain factor Xa.

[0016] For example, the recombinant DNA coding for factor X, e.g. a plasmid, may also
contain a DNA sequence encoding a selectable marker for selecting the cells which have been
successfully transfected with the plasmid. In an example of the present invention, the plasmid
may also confer resistance to a selectable marker, e.g. to the antibiotic drug G418, by
delivering a resistance gene, e.g. the neo resistance gene conferring resistance to G418.

[0017] The production of factor Xa may include any method known in the art for the
introduction of recombinant DNA into eukaryotic cells by transfection, e.g. via electroporation or
microinjection. For example, the recombinant expression of human factor X can be achieved
by introducing an expression plasmid containing the human factor X encoding DNA sequence
under the control of one or more regulating sequences such as a strong promoter, into a
suitable host cell line by an appropriate transfection method resulting in cells having the
introduced sequences stably integrated into the genome. The calcium-phosphate
coprecipitation method is an example of a transfection method which may be used according
to the present invention.

[0018] The production of factor Xa may also include any method known in the art for the
cultivation of said transformed cells, e.g. in a continuous or batchwise manner, and the
expression of the factor X, e.g. constitutive or upon induction. In one specific example of the
present invention the nucleic acid coding for factor X contained in the host organism of the
present invention is expressed via an expression mode selected from the group consisting of
induced, transient, and permanent expression. Any expression system known in the art or
commercially available can be employed for the expression of a recombinant nucleic acid
encoding factor X, including the use of regulatory systems such as suitable, e.g. controllable,
promoters, enhancers etc.

[0019] The production of factor Xa may also include any method known in the art for the
isolation of the protein, e.g. from the culture medium or by harvesting the transformed cells.
For example, the factor X-producing cells can be identified by isolating single-cell derived
populations i.e. cell clones, via dilution after transfection and optionally via addition of a
selective drug to the medium. After isolation the identified cell clones may be cultivated until
confluency in order to enable the measurement of the factor X content of the cell culture
supernatant by enzyme-linked immuno-sorbent assay (ELISA) technique.

[0020] Additionally, the production of factor Xa may include any method known in the art for
the purification of factor X or factor Xa, e.g. via anion exchange chromatography or affinity
chromatography. In one preferred embodiment factor X can be purified from cell culture
supernatants by semi-affinity calcium-dependent anion exchange chromatography, e.g. in an
endotoxin-free system. The purified factor Xa or factor X may be analyzed by methods known
in the art for analyzing recombinant proteins, e.g. the ELISA technique. In addition, the protein
integrity and activity may be assessed. It is within the knowledge of a person skilled in the art to
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choose the optimal parameters, such as buffer system, temperature and pH for the respective
detection system to be used.

[0021] In one specific example of the present invention, the factor X according to the present
invention is expressed in a host cell type with the ability to perform posttranslational
modifications. The ability to perform posttranslational modifications of factor X expressing host
cell lines may be for example analyzed by mass-spectrometric analysis.

[0022] The host cell type used for the recombinant production of factor Xa may be any
mammalian cell, preferably with the ability to perform posttranslational modifications of factor
X. There is no particular limitation to the media, reagents and conditions used for culturing the
cells in the cell culture used for the recombinant production of factor Xa including culturing the
cells in a continuous or batchwise manner. The desired factor X protein which has been
expressed by the cells of the and which, dependent on the transfection/vector-system used, is
contained in the cells or secreted into the medium for culturing cells, can be isolated/recovered
from the cell culture using methods known in the art, as mentioned herein before.

[0023] The term "factor Xa" as used herein comprises any factor Xa which is obtained by
producing and isolating factor X according to any method available in the prior art and
disclosed herein followed by a subsequent activation of factor X, e.g. by using thromboplastin
or Russell's viper venom.

[0024] The term "at least one direct factor Xa inhibitor" as used herein relates to any naturally
occurring or artifically synthesized inhibitor of factor Xa activity. In a preferred embodiment of
the present invention, the factor Xa inhibitor is selected from the group, consisting at present of
apixaban, betrixaban, edoxaban, otamixaban, and rivaroxaban and/or others in development.
In a more preferred embodiment of the present invention, the factor Xa inhibitor is rivaroxaban.

[0025] The urine sample may be derived from a mammal, preferably a mammal selected from
the group consisting of human, mouse, rat, pig, cat, dog, horse, goat, cattle, cow, and monkey
and/or others. In a preferred embodiment of the present invention, the urine sample is derived
from a human.

[0026] In a more preferred embodiment of the present invention, the urine sample is derived
from a patient to which the factor Xa has been administered before step (a) of the method for
detecting at least one direct factor Xa inhibitor in a sample according to the present invention.
The patient can be selected from the group consisting human, mouse, rat, pig, cat, dog, horse,
goat, cattle, cow, and monkey and/or others. Most preferably, the patient is a human being.

[0027] In a preferred embodiment, the urine sample is pre-purified before step (a) of the
method for detecting at least one direct factor Xa inhibitor in a sample according to the present
invention. In a more preferred embodiment of the present invention, the pre-purification
comprises the step of removing impurities that prevent the factor Xa inhibitor from binding to
factor Xa.



DK/EP 2643475 T3

[0028] The composition containing at least one factor Xa provided in step (b) of the method
for detecting at least one direct factor Xa inhibitor in a sample according to the present
invention may be any composition containing at least one factor Xa and may also contain
suitable buffer salts. In a preferred embodiment of the present invention the composition
containing at least one factor Xa is isotonic within the physiological limits of the pH value and
may be of normal or low ionic strength.

[0029] According to the present invention the chromogenic substrate conjugated to a
detectable substance provided in step (c) of the method for detecting at least one direct factor
Xa inhibitor in a sample according to the present invention is covalently linked to at least one
detectable substance. The term "detectable substance" does not exhibit any particular
limitation and may be selected from the group consisting of radioactive labels, fluorescent
dyes, compounds having an enzymatic activity, magnetic labels, antigens, and compounds
having a high binding affinity for a detectable substance. A compound having an enzymatic
reactivity such as the enzyme luciferase which produces a light signal upon contact with the
respective substrate can also be used as a detectable substance which may be linked
covalently to said substrate. Coupling a detectable substance to an antigen allows the
detection of the substance by an antibody/enzyme-complex (the enzyme being e.g.
phosphatase) catalysing a detectable color reaction when using a suitable substrate. A
compound with a high binding affinity for a different detectable substance such as biotin which
binds to a detectable substance covalently linked to e.g. streptavidin, is a further possibility for
making a substance detectable. In a preferred embodiment of the present application, the
detectable substance is para-nitroaniline.

[0030] The chromogenic substrate conjugated to a detectable substance provided in step (c)
of the method for detecting at least one direct factor Xa inhibitor in a sample according to the
present invention is any chromogenic substrate conjugated to a detectable substance which
can be cleaved by factor Xa so that the detectable substance is released from the
chromogenic substrate. In a preferred embodiment of the present invention, the conjugation of
the chromogenic substrate to the detectable substance is via the linker isoleucine-glutamine-
glycine-arginine-X (lle-Glu-Gly-Arg-X) or via the linker isoleucine-aspartic acid-glycine-arginine-
X (lle-Asp-Gly-Arg-X), wherein X is any amino acid except of proline. In a preferred
embodiment of the present application, the chromogenic substrate conjugated to a detectable
substance is an amino acid sequence which contains the sequence lle-Glu-Gly-Arg-X or lle-
Asp-Gly-Arg-X, wherein X is any amino acid except of proline, at the site where the detectable
substance binds, provided that the structure of the chromogenic substrate conjugated to a
detectable substance is such that factor Xa cleaves the sequence lle-Glu-Gly-Arg-X or lle-Asp-
Gly-Arg-X under physiological conditions at room temperature.

[0031] In a preferred embodiment of the present invention, the chromogenic substrate
conjugated to a detectable substance is a fluorogenic substance. In a more preferred
embodiment of the present invention, the fluorogenic substance is selected from the group
consisting of N-Benzoyl-lle-Glu-Gly-Arg p-nitroanilide acetate salt, N-benzoyl-L-isoleucyl-L-
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glutamyl-L-glycyl-L-arginine-para-nitroaniline hydrochloride, and Boc-lle-Glu-Gly-Arg-7-amido-
4-methylcoumarin hydrochloride. In a particularly preferred embodiment of the present
invention the chromogenic substrate conjugated to a detectable substance is N-benzoyl-L-
isoleucyl-L-glutamyl-L-glycyl-L-arginine-para-nitroaniline hydrochloride.

[0032] The conditions suitable for the binding of the at least one direct factor Xa inhibitor to
factor Xa and which allow the factor Xa to release the detectable substance from the
chromogenic substrate in step (d) of the method for detecting at least one direct factor Xa
inhibitor in a sample according to the present invention may take place in a buffer solution. If a
buffer solution is used in step (d) of the method for detecting at least one direct factor Xa
inhibitor in a sample according to the present invention, it may contain any compound which
does not negatively affect inhibitor-factor Xa-complex forming and the release the detectable
substance from the chromogenic substrate by factor Xa. In a preferred embodiment of the
method for detecting at least one direct factor Xa inhibitor in a sample according to the present
invention, the conditions in step (d) comprise the use of a the buffer solution which is isotonic
and within the physiological limits of the pH value. It may be of normal or low ionic strength.
The buffer salts used in step (d) of the method for detecting at least one direct factor Xa
inhibitor in a sample according to the present invention may be any buffer salt as long as said
buffer salt does not negatively affect the inhibitor-factor Xa-complex forming and the release
the detectable substance from the chromogenic substrate by factor Xa.

[0033] Step (d) of the method for detecting at least one direct factor Xa inhibitor in a sample
according to the present invention may be carried out under any conditions suitable for binding
of the at least one direct factor Xa inhibitor to factor Xa and which allow the factor Xa to release
the detectable substance from the chromogenic substrate without any limitation. This
comprises e.g. any suitable temperature, time period and agitation of the buffer solution. In a
preferred embodiment of the present invention, the incubation is carried out at a temperature
ranging from about 20°C to about 37°C for from about 1 to about 30 minutes. In a more
preferred embodiment of the present invention, the incubation is carried out at about 37°C for
about 20 minutes.

[0034] In a preferred embodiment, the method for detecting at least one direct factor Xa
inhibitor in a sample according to the present invention includes the step of removing the
chromogenic substrate after step (d) and before step (e). The chromogenic substrate can be
removed by methods well known in the art. Examples for the removal of the chromogenic
substrate are, but not limited to, for example the use of antibodies or enzymes specifically
binding the chromogenic substrate. In a preferred embodiment of the present application, the
antibodies or enzymes, preferably coagulation enzymes, specifically binding the chromogenic
substrate are bound to a support as defined herein. Further, the chromogenic substrate may
be covalently linked to a compound with a high binding affinity for a different compound such
as biotin which binds to a compound covalently linked to e.g. streptavidin, or to a magnetic
compound is a further possibility for removing the chromogenic substrate.

[0035] The removal of the chromogenic substrate can be carried out by standard methods.
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For example, if the one or more or all of the antibodies or enzymes, preferably coagulation
enzymes, specifically binding the chromogenic substrate is conjugated to biotin, the
chromogenic substrate can be removed by binding the biotin to streptavidin and the
subsequent removal of the biotin-streptavidin-complex, e.g. by centrifugation or, if the
streptavidin is conjugated to a suitable support, like a resin material, by column
chomatography. As an alternative, if the antibodies or enzymes, preferably coagulation
enzymes, specifically binding the chromogenic substrate are covalently linked to a magnetic
compound, the chromogenic substrate can be removed by binding said chromogenic substrate
via a magnetic compound having the opposite polarity. The reaction conditions to perform the
removal of the chromogenic substrate depend upon the removal method selected. It is within
the knowledge of the person skilled in the art to choose the optimal parameters, such as buffer
system, temperature and pH for the respective removal system to be used.

[0036] The reaction conditions for measuring the amount of released detectable substance in
step (e) of the method for detecting at least one direct factor Xa inhibitor in a sample according
to the present invention depend upon the detection method selected. It is within the knowledge
of the person skilled in the art to choose the optimal parameters, such as buffer system,
temperature and pH for the respective detection system to be used.

[0037] The measuring step (e) of the above-defined method may comprise one or more
detection method(s) selected from the group consisting of immunoblotting,
immunoprecipitation, immunocapture, monoclonal antibody immobilization of platelet antigens
or enzyme linked immuno sorbent assay (ELISA), flow cytometry, protein array technology,
spectroscopy, mass spectrometry, chromatography, surface plasmonic resonance,
fluorescence extinction and/or fluorescence energy transfer. The detection method for
measuring the detectable substance can, for example, be selected from the group consisting
of an enzyme assay, a chromogenic assay, a lumino assay, a fluorogenic assay, and a
radioimmune assay. The reaction conditions to perform detection of the detectable label
depend upon the detection method selected. It is within the knowledge of the person skilled in
the art to choose the optimal parameters, such as buffer system, temperature and pH for the
respective detection system to be used. In a preferred embodiment of the present application,
the detectable substance para-nitroaniline and the released para-nitroaniline is detected via
measuring the absorption of the sample at 405 nm.

[0038] If the detectable substance is detected via antibodies specifically binding the detectable
substance, the antibodies may be immobilized on a support, preferably a solid support. The
term "support” does not have any specific limitations, and relates, for example, to an insoluble
polymer material, which can be an organic polymer, such as polyamide or a vinyl polymer (e.g.
poly(meth)acrylate, polystyrene and polyvinyl alcohol, or derivatives thereof), a natural polymer
such as cellulose, dextrane, agarose, chitin and polyamino acids, or an inorganic polymer,
such as glass or metallohydroxide. The support can be in the form of a microcarrier, particles,
membranes, strips, paper, film, pearls or plates, such as microtiter plates or microarrays. The
term "microarray” as used herein may mean any arrangement of the antibodies in addressable
locations on a support resulting in a so-called "biochip”. The support may also be used as resin
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material, which can be used in a column chromatography.

[0039] In a preferred embodiment of the present invention, the method for detecting at least
one direct factor Xa inhibitor in a sample according to the present invention is a method for
point-of-care testing using a urine sample. When the method for detecting at least one direct
factor Xa inhibitor in a sample according to the present invention is a method for point-of-care
testing, the composition containing factor Xa provided in step (b) of the method for detecting at
least one direct factor Xa inhibitor in a sample according to the present invention and/or the
composition containing a chromogenic substrate conjugated to a detectable substance
provided in step (c) of the method for detecting at least one direct factor Xa inhibitor in a
sample according to the present invention are immobilized on a test strip. The mixing of the
sample of step (a) with the composition of step (b) and/or the composition of step (c) in step
(d) is obtained by applying a test sample as defined herein on the respective position on the
test strip, on which the composition containing factor Xa and/or the composition containing
composition containing a chromogenic substrate conjugated to a detectable substance is
immobilized. The measuring of the amount of released substance according to step (e) of the
method for detecting at least one direct factor Xa inhibitor in a sample according to the present
invention is accomplished by inserting the test strip into an instrument being suitable for
measuring of the amount of released substance. In a preferred embodiment of the present
invention, the instrument is a transportable, portable or handheld instrument.

[0040] In a preferred embodiment of the present invention, the method for detecting at least
one direct factor Xa inhibitor in a sample according to the present invention is a method for
point-of-care testing and the composition containing factor Xa provided in step (b) of the
method for detecting at least one direct factor Xa inhibitor in a sample according to the present
invention is immobilized on a test strip and the composition containing a chromogenic
substrate conjugated to a detectable substance provided in step (c) of the method for detecting
at least one direct factor Xa inhibitor in a sample according to the present invention is not
immobilized on the test strip. The mixing of the sample of step (a) with the composition of step
(b) in step (d) is obtained by applying a test sample as defined herein on the respective
position on the test strip, on which the composition containing factor Xa is immobilized.

[0041] In one embodiment, the test strip is inserted into an instrument being suitable for
providing the composition of step (c) and for measuring of the amount of released substance.
The mixing of the sample of step (a) and the composition of step (b) with the composition of
step (c) in step (d) is obtained by applying the composition of step (c) on the respective
position on the test strip, on which the composition containing factor Xa is immobilized and
already mixed with the test sample, in the test instrument. The measuring of the amount of
released substance according to step (e) of the method for detecting at least one direct factor
Xa inhibitor in a sample according to the present invention is accomplished by the instrument
into which the test strip has been inserted. In a preferred embodiment of the present invention,
the instrument is a transportable, portable or handheld instrument.

[0042] In another embodiment, the composition of step (c) is applied manually, for example by
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using a pipette. The mixing of the sample of step (a) and the composition of step (b) with the
composition of step (c) in step (d) is obtained by applying the composition of step (c) on the
respective position on the test strip, on which the composition containing factor Xa is
immobilized and already mixed with the test sample. The measuring of the amount of released
substance according to step (e) of the method for detecting at least one direct factor Xa
inhibitor in a sample according to the present invention is accomplished by assessing optical
changes of the mixed sample, for example a change of color. This assessment can be carried
out, for example by comparing the optical appearance of the mixture with the optical
appearance of a negative control and/or a positive control, which can be for example provided
on the test strip or in a manual provided by the manufacturer of the test strip. The optical
changes of the mixed sample can also be carried out, for example by comparing the optical
appearance of the mixture with the optical appearance of positive controls having different
concentrations of the direct factor Xa inhibitor, for example obtained using a standard dilution
series.

[0043] In another preferred embodiment of the present invention, the method for detecting at
least one direct factor Xa inhibitor in a sample according to the present invention is a method
for point-of-care testing and the composition containing a chromogenic substrate conjugated to
a detectable substance provided in step (c) of the method for detecting at least one direct
factor Xa inhibitor in a sample according to the present invention is immobilized on a test strip
and the composition containing factor Xa provided in step (b) of the method for detecting at
least one direct factor Xa inhibitor in a sample according to the present invention is not
immobilized on the test strip. The mixing of the sample of step (a) with the composition of step
(c) in step (d) is obtained by applying a test sample as defined herein on the respective
position on the test strip, on which the composition containing a chromogenic substrate
conjugated to a detectable substance is immobilized.

[0044] In one embodiment, the test strip is inserted into an instrument being suitable for
providing the composition of step (b) and for measuring of the amount of released substance.
The mixing of the sample of step (a) and the composition of step (c) with the composition of
step (b) in step (d) is obtained by applying the composition of step (b) on the respective
position on the test strip, on which the composition containing a chromogenic substrate
conjugated to a detectable substance is immobilized and already mixed with the test sample, in
the test instrument. The measuring of the amount of released substance according to step (e)
of the method for detecting at least one direct factor Xa inhibitor in a sample according to the
present invention is accomplished by the instrument into which the test strip has been inserted.
In a preferred embodiment of the present invention, the instrument is a transportable, portable
or handheld instrument.

[0045] In another embodiment, the composition of step (b) is applied manually, for example by
using a pipette. The mixing of the sample of step (a) and the composition of step (b) with the
composition of step (c) in step (d) is obtained by applying the composition of step (b) on the
respective position on the test strip, on which the composition containing a chromogenic
substrate conjugated to a detectable substance is immobilized and already mixed with the test
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sample. The measuring of the amount of released substance according to step (e) of the
method for detecting at least one direct factor Xa inhibitor in a sample according to the present
invention is accomplished by assessing optical changes of the mixed sample, for example a
change of color. This assessment can be carried out, for example by comparing the optical
appearance of the mixture with the optical appearance of a negative control and/or a positive
control, which can be for example provided on the test strip or in a manual provided by the
manufacturer of the test strip. The optical changes of the mixed sample can also be carried
out, for example by comparing the optical appearance of the mixture with the optical
appearance of positive controls having different concentrations of the direct factor Xa inhibitor,
for example obtained using a standard dilution series.

[0046] When the method for detecting at least one direct factor Xa inhibitor in a sample
according to the present invention is a method for point-of-care testing, the direct factor Xa
inhibitor, the sample, the composition containing factor Xa, the factor Xa, the composition
containing a chromogenic substrate conjugated to a detectable substance, the chromogenic
substance, the detectable substance, and/or each of steps (a) to (e) are preferably as defined
herein. In a particularly preferred embodiment of the present invention, the chromogenic
substrate conjugated to a detectable substance provided in step (c) is selected from the group
consisting of radioactive labels, compounds having an enzymatic activity, magnetic labels,
antigens, and compounds having a high binding affinity for a detectable substance.

[0047] In a preferred embodiment of the present invention, the method for detecting at least
one direct factor Xa inhibitor in a sample according to the present invention is a method for
point-of-care testing as defined herein, the sample is urine and the direct factor Xa inhibitor is
rivaroxaban. Preferably, (i) the composition containing factor Xa provided in step (b) or (ii) the
composition containing a chromogenic substrate conjugated to a detectable substance
provided in step (c) are immobilized on a test strip. In a preferred embodiment, the
chromogenic substrate conjugated to a detectable substance is N-benzoyl-L-isoleucyl-L-
glutamyl-L-glycyl-L-arginine-para-nitroaniline hydrochloride. The test strip is inserted into the
urine sample. Then, (i) in case the composition containing factor Xa provided in step (b) is
already immobilized on the test strip, the composition containing a chromogenic substrate
conjugated to a detectable substance provided in step (c) is added, or (ii) in case the
composition containing a chromogenic substrate conjugated to a detectable substance
provided in step (c) is already immobilized on the test strip, the composition containing factor
Xa provided in step (b) is added. The more optical changes of the mixed sample can be
observed, preferably the more yellow the mixed sample turns, the less factor Xa inhibitors are
in the sample.

[0048] The antibodies specifically binding the detectable substance or the antibodies
specifically binding the chromogenic substrate, if the chromogenic substrate is removed, can
be immobilized on the support directly by covalent coupling or via a carrier such as a linker
molecule or an antibody immobilized on the support. Further, the antibodies specifically binding
the detectable substance or the support may be covalently linked to a detectable label which
may be any suitable detectable label known in the art. In a preferred embodiment of the
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present invention, the detectable label is biotin or a magnetic substance.

[0049] In a preferred embodiment of the present invention, the method for detecting at least
one direct factor Xa inhibitor in a sample according to the present invention further contains
after step (e) a step

(f) determining the amount of factor Xa inhibitor in the urine sample by correlating the amount
of released detectable substance with the amount of factor Xa inhibitor in the sample.

[0050] The amount of released detectable substance decreases with an increase of factor Xa
inhibitor in the sample.

[0051] The quantification of the detectable substance, preferably resulting in the
determination of the amount of factor Xa inhibitor in the sample, can be carried out by standard
methods. In a preferred embodiment of the present invention, the amount of factor Xa inhibitor
in the sample is calculated from a calibration curve obtained by a factor Xa inhibitor in defined
amounts.

[0052] The present invention further relates to a use of a composition containing factor Xa for
monitoring the course of treatment with at least one direct factor Xa inhibitor in a patient,
wherein the use comprises the method for detecting at least one direct factor Xa inhibitor in a
sample according to the present invention as defined herein.

[0053] Further, described herein is a composition containing factor Xa for use in monitoring
the course of treatment with direct factor Xa inhibitors in a patient for diagnostic purposes.
Furthermore, described herein is a composition containing factor Xa for use in monitoring the
course of treatment with direct factor Xa inhibitors in a patient for diagnostic purposes, wherein
an elevated risk for thrombosis is associated with an increase of factor Xa inhibitors in the
sample. Preferably, the factor Xa, the factor Xa inhibitor, and/or the patient is as defined
herein.

[0054] Moreover, described herein is a diagnostic kit for monitoring the course of treatment
with direct factor Xa inhibitors in a patient comprising a composition containing factor Xa and
composition containing a chromogenic substrate conjugated to a detectable substance. The kit
may further contain any means for carrying out the method for detecting at least one direct
factor Xa inhibitor in a sample according to the present invention as defined herein. In
particular, the kit may contain one or more of the following: a chromogenic substrate
conjugated to a detectable substance as defined herein, antibodies specifically binding the
detectable substance as defined herein, factor Xa and modified factor Xa proteins specifically
binding the chromogenic substrate as defined herein, a support with immobilized antibodies or
factor Xa enzymes specifically binding the detectable substance as defined herein, a support
with immobilized antibodies specifically binding the chromogenic substrate as defined herein,
buffer solutions as defined herein, reaction containers, and/or means for measuring the
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amount of released detectable substance as defined herein, including buffers, when
appropriate. Preferably, the factor Xa, the direct factor Xa inhibitor, and/or the patient is as
defined herein.

[0055] It is one of the aspects underlying the present invention to measure the
concentration/activity of a direct factor Xa inhibitor like rivaroxaban with a chromogenic test
from samples for measuring other blood components (liver parameters, kidney parameters,
cholesterol, etc.) or blood count without an additional blood withdrawal for the blood
coagulation. Using the present invention the concentration of a factor Xa inhibitor like
rivaroxaban in urine without a further blood withdrawal can be determined. Instead of
rivaroxaban, other direct inhibitors of factor Xa in matrices other than plasma can be measured
with a chromogenic test.

[0056] Direct factor Xa inhibitors inhibit exogenous factor Xa also without the presence of
antithrombin or factor X or endogenous factor Xa. Thus, the measurement from serum, urine,
and other matrices becomes possible. The invention solves the problem that the direct factor
Xa inhibitors inhibit the colorant para-nitroaniline from a chromogenic substrate in a dose-
dependent manner only in the presence of exogenous factor Xa. A separate blood withdrawal
for the coagulation measurement is not necessary any more using the method according to the
present invention. For an examination in urine, a blood withdrawal can be omitted. The risk of
side effects of a blood withdrawal is eliminated.

[0057] It is essential for the present invention that rivaroxaban and other direct factor Xa
inhibitors inhibit exogenously added factor Xa without the presence of other coagulation
proteins. Thereby, the concentration/activity of factor Xa inhibitors, like rivaroxaban, in serum
and other biological matrices can be detected.

[0058] The advantages of the invention are that using the method according to the present
invention, the side effects and risks associated with a blood withdrawal are eliminated, and the
special taking of a "coagulation tube" is not necessary.

[0059] The basis for the present invention is the fact that for a photometric determination of
the inhibition of factor Xa no fibrinogen, and for the direct inhibitors of factor Xa no antithrombin
are necessary as cofactors. It is essential for the present invention that the
concentration/activity of medicaments that directly inhibit factor Xa can be quantified via the
inhibition of exogenous factor Xa in and on media/matrices by means of a factor Xa specific
chromogenic substrate, which are not plasma (Figure 1).

[0060] The figures show:

Figure 1: Overview of the reactants in the test system and the reaction process and the
measurement in a preferred embodiment of the present invention.

Figure 2: lllustration of the inhibition of factor Xa by increasing quantity of rivaroxaban (x axis)
in plasma (method so far), in serum and urine (new methods). Small quantities of rivaroxaban
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inhibit little/no factor Xa, so that much colorant is released from the chromogenic substrate
(high absorption, y axis, nm = nanometer of the wavelength for measuring the colorant). The
less rivaroxaban is needed to inhibit the release of the colorant (low values of the absorption),
the more sensitive the detection for rivaroxaban becomes. The influencing factors present in
plasma are not present in serum and urine.

[0061] The present invention will now be further illustrated in the following examples without
being limited thereto.

Examples

Example 1:

a) Measurement of Rivaroxaban in Serum with Factor Xa and S$2222

[0062]

Reagents:

Solution 1: Aqua destillata
Solution 2:

Tris Buffer Tris 6.06 g
NaCl10.23 g

EDTA2.79 g

pH 8.4

ad 1000 ml Aqua destillata
Solution 3:

serial dilution Rivaroxaban with 0 ng/ml, 50 ng/ml, 100 ng/ml, 150 ng/ml, 300 ng/ml, 500 ng/ml,
700 ng/ml, dissolved in serum

Solution 4:

FXa 71 nkat (Chromogenix, Essen Germany)
dissolved in 10 ml A. dest.
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Solution 5:

$-2222 25 mg (Chromogenix, Essen Germany)
dissolved in 33.7 ml A. dest

Solution 6:

acidic acid: 50%

Test description: standard curve

25 ul serum with known concentration of Rivaroxaban,

1:15 diluted in tris buffer
+25 pl FXa

2 min. incubation at 37°C
+ 50 yl S-2222

20 min. incubation at 37°C
+ 25 pl Essigsaure 50%

Measurement at 405 nm
Preparation of a standard curve (OD versus ng/ml)
Test description: determination of serum samples

25 yl serum, containing Rivaroxaban, 1:15diluted in tris buffer
+25 pl FXa

2 min. incubation at 37°C
+ 50 yl S-2222

20 min. incubation at 37°C
+ 25 pl acidic acid 50%

Measurement at 405 nm

[0063] Calculation of the concentration of Rivaroxaban was carried out using the standard
curve. The concentration of Rivaroxaban was determined by the optical density (OD) of the
sample.

b) Measurement of Rivaroxaban in Urine with Factor Xa and S2222

[0064] Reagents are the same as in the measurement of Rivaroxaban in serum.
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Test description: standard curve
25 pl Rivaroxaban in urine

+25 pl FXa
2 min. incubation at 37°C

+ 50 yl S-2222
20 min. incubation at 37°C

+ 25 pl acidic acid 50%

Measurement at 405 nm

Preparation of a standard curve (OD versus ng/ml)
Test description: determination of urine samples
25 plurine

+25 pl FXa
2 min. incubation at 37°C

+ 50 yl S-2222
20 min. incubation at 37°C

+ 25 pl acidic acid 50%

Measurement at 405 nm

[0065] Calculation of the concentration of Rivaroxaban was carried out using the standard
curve. The concentration of Rivaroxaban was determined by the optical density (OD) of the
sample.

[0066] The direct factor Xa inhibitor rivaroxaban was added to samples of plasma, serum, and
urine in different concentrations. The reagents factor Xa (from Chromogenix and Coachrom)
and chromogenic substrate (S2222 from Chromogenix and CS1156 from Coachrom) were
added to the samples, incubated and measured in a photometer at a wavelength of 405
nanometers (nm). Rivaroxaban inhibits the activity of factor Xa and thus the release of para-
nitroaniline from the chromogenic substrate $2222 in a dose-dependent manner (Figure 2).

[0067] Due to missing antithrombin and other cofactors for heparins and missing factor X,
factor Xa and other coagulation proteins in the assay run, the detection of rivaroxaban and

other factor Xa inhibitors is less sensitive and susceptible to influences (Figure 2).

[0068] Our studies have shown that rivaroxaban in serum and urine can be measured with a
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chromogenic test without the addition of plasma.
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PATENTKRAV

1. Fremgangsmade til detektion af mindst én kunstigt syntetiseret direkte faktor Xa-

inhibitor i en urinprave, hvilken fremgangsmade omfatter fglgende trin:

(a) tilvejebringelse af en urinpragve indeholdende mindst én kunstigt syntetiseret
direkte faktor Xa-inhibitor;

(b) tilvejebringelse af en sammensaetning indeholdende faktor Xa;

(c) tilvejebringelse af en sammenseaetning indeholdende et kromogent substrat,

som er konjugeret til et detekterbart stof;

(d) blanding af urinprgven fra trin (a) med sammensaetningen fra trin (b) og
sammensaetningen fra trin (¢) under betingelser, der tillader binding af den
mindst ene kunstigt syntetiserede direkte faktor Xa-inhibitor til faktor Xa, og som

tillader faktor Xa at frigive det detekterbare stof fra det kromogene substrat; og
(e) maling af meengden af frigivet detekterbart stof.

2. Fremgangsmade ifglge krav 1, hvor det kromogene substrat, der er konjugeret il et
detekterbart stof, er valgt fra gruppen bestdende af N-benzoyl-lle-Glu-Gly-Arg-p-nitro-
anilidacetatsalt, N-benzoyl-L-isoleucyl-L-glutamyl-L-glycyl-L-arginin-para-nitroanilin-
hydrochlorid, Boc-lle-Glu-Gly-Arg-7-amido-4-methylcoumarinhydrochlorid, 4-nitro-
phenyl-4-guanidino-benzoathydrochlorid.

3. Fremgangsmade ifalge krav 1 eller krav 2, hvor det kromogene substrat, der er kon-
jugeret til et detekterbart stof, er N-benzoyl-L-isoleucyl-L-glutamyl-L-glycyl-L-arginin-

para-nitroanilinhydrochlorid.

4. Fremgangsmade ifglge et hvilket som helst af de foregaende krav, hvor faktor Xa-
inhibitoren er valgt fra gruppen bestdende af apixaban, edoxaban, otamixaban og

rivaroxaban.

5. Fremgangsmade ifalge et hvilket som helst af de foregaende krav, hvor faktor Xa-

inhibitoren er rivaroxaban.
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6. Fremgangsmade ifalge et hvilket som helst af de foregaende krav, som er en point-

of-care-test.

7. Fremgangsmade ifglge krav 6, hvor den sammenseetning indeholdende faktor Xa,
der er tilvejebragt i trin (b), eller den sammenseaetning indeholdende et kromogent sub-
strat konjugeret til et detekterbart stof, der er tilvejebragt i trin (c), er immobiliseret pa

en teststrimmel.

8. Anvendelse af en sammenseetning indeholdende faktor Xa til overvagning af be-
handlingsforlgbet med faktor Xa-inhibitorer i en patient, hvor anvendelsen omfatter

fremgangsmaden ifalge et hvilket som helst af kravene 1 til 7.
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DRAWINGS
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Figure 1
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