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(57) Abstract: The invention relates to uses ot a marker set compris-
ing at least three substances chosen from the group consisting of 3-
hydroxy isovalerate, acetyl carnitine, alanine, citrate, dimethylamine,
glucose, glucuronate, hippurate, lactate, malonate, methyl guanidine,
methyl malonate, methyl succinate, p-cresol, phenyl acetate, pheny-
lacetylglycine, phenylacetylglutamine, taurine, trigonelline, and urea,
for determining the risk of kidney rejection of an individual after hav-
ing received a kidney donation, with the provision that the marker set
comprises at least one substance chosen from the group consisting of
alanine, dimethylamine, glucuronate, phenylacetylglutamine, and urea.
The invention also concerns related methods.
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Use of a marker set for determining the risk of kidney rejection

Description

The instant invention relates to the in vitro use of a marker set for determining the risk of kidney
rejection, to the diagnostic use of the same marker set and to a method for analyzing an

isolated body fluid sample in vitro.

Itis of high medical interest to determine the risk of kidney rejection after kidney transplantation
by an easily applicable method. For this purpose, WO 2012/045773 A9 discloses certain

substances that are well suited for determining the according risk of kidney rejection.

Also US 9,541,620 B2 discloses certain substances that might be used for determining the risk
of kidney rejection. Thereby, it focuses on trimethylamine-N-oxide {TMAO) as most potent

biomarker.

WQ 2002/010755 A2 describes that increased levels of creatinine or urea in the blood serum

are an indication for a failure of a kidney transplant.

Malyszko et al. describe in a publication that serum creatinine level — though connected to
significant disadvantages — still remains the “gold standard” in assessment of kidney function
(Malyszko, Jolanta, et al. “Biomarkers of delayed graft function as a form of acute kidney injury
in kidney transplantation.” Scientific Reports 5 (2015): 11684).

It is an object of the instant invention to provide additional marker substances and appropriate
marker combinations suited to determine the risk of kidney rejection and to enhance the overall
performance of an according analysis method.

This object is achieved by the use of a novel marker set, i.e., in an in vitro method for
determining (predicting) the risk of kidney rejection of an individual after having received a
kidney donation. While according to prior art techniques generally individual substances are
used as marker, the inventors found out that a sufficiently high accuracy of an according
analysis method can only be achieved if at least three substances are used as markers. Thus,
the instantly claimed use of a marker set requires the presence of at least three substances to

be included in the marker set. These substances are to be chosen from the group consisting

Date Regue/Date Received 2021-06-23
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of 3-hydroxy isovalerate, acetyl carnitine, alanine, citrate, dimethylamine, glucose,
glucuronate, hippurate, lactate, malonate, methyl guanidine, methyl malonate, methyl
succinate, p-cresol, phenyl acetate, phenylacetylglycine, phenylacetylglutamine, taurine,
trigonelline, and urea.

Some of these substances are already disclosed as suited markers for determining the risk of
kidney rejection after kidney transplantation in WO 2012/045773 A9, namely 3-hydroxy
isovalerate, acetyl carnitine, citrate, glucose, hippurate, lactate, malonate, methyl guanidine,
methyl malonate, methyl succinate, p-cresol, phenyl acetate, phenylacetylglycine, taurine, and
trigonelline. The inventors surprisingly found out that the accuracy of an according analysis
methods can be improved if at least one of certain additional substances is necessarily present
in the marker set. Notably, these substances are alanine, dimethylamine (DMA), glucuronate,
phenylacetylglutamine (PAQ), and urea. Therefore, the marker set, necessarily comprises at
least one substance of the group consisting of alanine, dimethylamine, glucuronate,
phenylacetylglutamine, and urea. These substances will also referred to in the following as
newly identified marker substances. The higher performance and thus better suitability of the
marker set comprising at least one of these newly identified marker substances will be
explained in more detail with respect to the exemplary embodiments.

It is possible that only one of the newly identified marker substances is present in the marker
set. It is likewise possible that two, three, four, five, or six newly identified marker substances
are present in the marker set. It is also possible that the marker set exclusively comprises

newly identified marker substances.

The individual substances being presentin the marker set are used such that the concentration
of these substances in a sample is determined. Then, the substance concentration can be
used to calculate a score. The score is indicative for the risk of kidney rejection of an individual
who previously underwent a kidney transplantation, i.e. who previously received a kidney
donation.

In an embodiment, it is possible to define certain groups of risk for rejecting a kidney after
kidney transplantation. Thus, it is possible to define a group of high-risk, a group of
intermediate risk, a group of low risk and a group of very low risk in order to classify the
determined or predicted risk of kidney rejection in an easily accessible way. It is also possible
to use only some of these groups (e.g., high risk, intermediate risk, low risk; or high risk, low
risk, very low risk) or to define additional groups.

Date Regue/Date Received 2021-06-23



10

15

20

25

30

35

CA 03055004 2019-08-23

WO 2018/167157 PCT/EP2018/056414
3

When defining these groups (in particular on the basis of training data set) for a specific model
making use of certain marker substances, it is suited to define the high-risk group such that at
least 40%, in particular at least 45%, in particular at least 50% of the samples assigned 1o this
group are samples from individuals that showed a kidney rejection. In an embodiment, the
group of intermediate risk is defined such that 8 to 20%, in particular 10 to 17%, in particular
11 to 15% of all samples assigned to this group are samples from individuals that encountered
a kidney rejection. In an embodiment, the group of low risk is defined such that 2 to 5%, in
particular 2.5 to 4.5, in particular 3 to 4% of all samples assigned to this group are samples
from individuals that encountered a kidney rejection. In an embodiment, the group of very low
risk is defined such that not more than 1.5%, in particular not more than 1%, in particular not
more than 0.5% of all samples assigned to this group are samples from individuals that
encountered a kidney rejection. By such a grouping, a calculated score can be easily assigned
to one of these groups so that the medical relevance of the calculated score is easily

accessible.

In an embodiment, the marker set comprises 1, 2, 3,4,5,6,7,8,9, 10,11, 12,13, 14, 15, 16,
17,18, 19, 20 or 21 individual substances. As already explained, 1, 2, 3, 4, 5 or 6 substances
of the group consisting of alanine, dimethylamine, glucuronate, phenylacetylglutamine, and
urea can be present in the marker set, wherein at least one of these substances is necessarily
present in the marker set.

In an embodiment, the marker set necessarily comprises at least one substance chosen from
the subgroup of newly identified marker substances consisting of alanine, dimethylamine,
glucuronate, and urea. These newly identified marker substances have been proven to be
especially suited for enhancing the overall performance of the marker set for determining the
risk of kidney rejection.

In another embodiment, the marker set necessarily comprises urea. Urea turned out to be one
of the most suited substances to increase the overall performance of the marker set.

In a further embodiment, the marker set comprises necessarily urea and alanine. In another
embodiment, the marker set comprises necessarily urea and glucuronate. In a further
embodiment, the marker set necessarily comprises urea, alanine and glucuronate. In a further

embodiment, the marker set comprises necessarily urea, alanine, and dimethylamine.
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In an embodiment, the marker set comprises lactate and citrate as already principally known
suited marker substances in coming nation with one marker substances chosen from the group

consisting of alanine, dimethylamine, glucuronate, phenylacetylglutamine, and urea.

In an embodiment, the marker set does not comprise dimethylamine, lactate, acetate and

alanine at the same time.
In an embodiment, the marker set does not comprise only dimethylamine, lactate and acetate.
In an embodiment, the marker set does not comprise only dimethylamine, lactate and alanine.
In an embodiment, the marker set does not comprise only dimethylamine, acetate and alanine.
In an embodiment, the marker set does not comprise only lactate, acetate and alanine.
The following examples of marker sets are particularly suited marker sets:

o | actate, citrate and urea.

o | actate, citrate, urea and alanine.

¢ |actate, citrate, urea and glucuronate.

» Lactate, citrate, urea, alanine and glucuronate.

¢ |Lactate, citrate, urea, alanine and dimethylamine.
The instant invention relates in an aspect also to the use of the same marker set for diagnostics
of the risk of kidney rejection of an individual after having received a transplanted kidney. Thus,
in this aspect, the invention relates to a marker set comprising at least three substances
chosen from the group consisting of 3-hydroxy isovalerate, acetyl carnitine, alanine, citrate,
dimethylamine, glucose, glucuronate, hippurate, lactate, malonate, methyl guanidine, methyl
malonate, methyl succinate, p-cresol, phenyl acetate, phenylacetylglycine,
phenylacetylglutamine, taurine, trigonelline, and urea, for use in diagnostics of the risk of
kidney rejection of an individual after having received a kidney donation, with the provision that

the marker set comprises at least one substance chosen from the group consisting of alanine,

dimethylamine, glucuronate, phenylacetylglutamine, and urea.
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Embodiments of the in vitro use of the marker set explained above are likewise applicable to

an in vivo use or the diagnostic use of the marker set in any desired combination.

The use of the marker set in diagnostics constitutes another medical indication of this marker
set. Thereby, at least one of the newly identified marker substances, namely one of alanine,
dimethylamine, glucuronate, phenylacetylglutamine, and urea, is always present in the marker

set.

In an aspect, the invention also relates to method of analyzing an isolated body fluid sample
in vitro. This method comprises the steps explained in the following. In a first step, a body fluid
sample from an individual who has received a kidney donation is provided. This body fluid
sample can be taken at any time after kidney transplantation, e.g., 0 days to 400 days after
transplantation, in particular 1 day to 365 days after transplantation, in particular 2 days to 350
days after transplantation, in particular 3 days to 340 days after transplantation, in particular 4
days to 330 days after transplantation, in particular 5 days to 320 days after transplantation, in
particular 6 days to 310 days after transplantation, in particular 7 days to 300 days after
transplantation, in particular 8 days to 290 days after transplantation, in particular 10 days to
280 days after transplantation, in particular 11 days to 270 days after transplantation, in
particular 12 days to 260 days after transplantation, in particular 13 days to 250 days after
transplantation, in particular 14 days to 240 days after transplantation, in particular 15 days to
230 days after transplantation, in particular 16 days to 220 days after transplantation, in
particular 17 days to 210 days after transplantation, in particular 18 days to 200 days after
transplantation, in particular 19 days to 190 days after transplantation, in particular 20 days to
180 days after transplantation, in particular 25 days to 170 days after transplantation, in
particular 30 days to 160 days after transplantation, in particular 40 days to 150 days after
transplantation, in particular 50 days to 140 days after transplantation, in particular 60 days to
130 days after transplantation, in particular 70 days to 120 days after transplantation, in
particular 80 days to 110 days after transplantation, in particular 90 days to 100 days after
transplantation. Thereby, “0 days” means less than 24 hours after kidney transplantation.

Afterwards, the concentration of at least three substances chosen from the group consisting
of 3-hydroxy isovalerate, acetyl carnitine, alanine, citrate, dimethylamine, glucose,
glucuronate, hippurate, lactate, malonate, methyl guanidine, methyl malonate, methyl
succinate, p-cresol, phenyl acetate, phenylacetylglycine, phenylacetylglutamine, taurine,
trigonelline, and urea, is determined with a suited measuring technique. These substances

serve as marker substances. Thereby, the concentration of at least one substance chosen

Date Regue/Date Received 2021-06-23
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from the group consisting of alanine, dimethylamine, glucuronate, phenylacetylglutamine, and
urea is necessarily determined.

A very well suited measuring technique for determining the concentration of the individual
substances is nuclear magnetic resonance spectroscopy (NMR spectroscopy).

The determined concentrations are afterwards used to calculate a score. Thereby, the score
is indicative for the risk of kidney rejection of the individual.

It is generally possible to calculate the score in any desired way. A suited way to calculate the

score is disclosed on pages 25 to 27 of WO 2012/045773 A9. Another suited way to calculate
the score is the following:

1
score = ——,
1+

)
wherein
n
w=a+ z b, -1,
x=1
a = const.

b, = substance specific coef ficient

I = parameter being indicative for the concentration of substance x

Thereby, the individual factors a, b need to be adjusted according to the underlying model and
can vary in dependence on the specific substances considered in the marker set. Parameter
“I” can be, e.g., the signal intensity of an according signal observed in the evaluated measuring
result. To give an example, “I” can be the signal intensity of an NMR signal in an NMR spectrum

if NMR spectroscopy is used as measuring technigue.

In an embodiment, the calculated score is output and presented to the individual and/or to a
third person such as a physician or medical staff. The output can be performed on a display
(i.e., in an electronic way) or in printed form. Thereby, it is also possible to generate a report
indicating the score, optionally in combination with a comparative scale of possible scores and
their meaning with respect to the risk of kidney rejection after kidney transplantation.

In an embodiment, the sample is grouped into one of at least two predefined groups on the
basis of the calculated score. The according grouping can alsc be indicated on an according
report.
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In an embodiment, the body fluid sample is a urine sample or a blood sample. Thereby, the
term “blood” relates to whole blood, to blood serum, to blood plasma or to any other blood
preparation derivable from whole blood or from other blood preparations.

Using a urine sample as body fluid sample is particularly suited for carrying out the method
since urine samples are easily collectable from individuals and do not need any closer
interaction with the body of the individual.

To compensate for differing overall marker concentrations in different samples, the determined
concenirations are, in an embodiment, normalized to the additionally determined concentration
of creatinine. This is especially suited in case of urine samples. If a person, from whom the
analyzed sample has been obtained, has ingested a big volume of liquid, his or her total urine
volume is also big. At the same time, the overall concentration of the marker substances (and
other substances) in the urine is in such a case generally lower than in a sample taken from a
person who has ingested a lower volume of liquid and has a lower total urine volume. If the
determined marker concentrations are divided by the creatinine concentration in the same
urine sample (i.e., normalized to the creatinine concentration), these effects are erased.

The score referred to above can form the basis of a diagnostic test being based on at least
three metabolites.

In an embodiment, an extended score is calculated starting from the score by additionally
considering at least one further value. This can further increase the performance of a
diagnostic test being based on the instantly described method. This further value is chosen
from the group consisting of a value being indicative for the concentration of creatinine in blood
serum of the individual, a value being indicative for the glomerular filfration rate (GFR) of the
individual, and a value being indicative for the estimated glomerular filtration rate (eGFR) of
the individual. Thereby, it is particularly suited to calculate an extended score by considering
a value being indicative for the concentration of creatinine in blood serum if a urine sample of
the individual is analyzed. In doing so, both information relating to the concentration of
individual marker substances in the urine of the individual (patient) as well as information
relating to the concentration of creatinine in the blood serum of the individual are taken into
account. This additionally enhances the reliability of the whole method with respect to the
correctness of the calculated extended score.
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The combination of the score based on metabolites and additional information based on
creatinine concentration in blood serum, GFR and/or eGFR results in a decision support
system. Such a decision support system is particularly suited to group different samples into
different groups (such as different risk groups for a specific disease or indication like the risk
of kidney rejection after kidney transplantation of an individual who has received a kidney
donation). Based on such a grouping, a physician can be assisted in assessing the medical

relevance of the obtained result or in making a diagnosis.

The described in vitro method can also be regarded as a method for providing original data
that can afterwards be used by a physician to make a diagnosis regarding the risk of kidney
rejection after kidney transplantation. Generally, this diagnostic step does not form part of the
method. However, in an embodiment, the method can encompass such a diagnostic step.

In a further aspect, the instant invention relates to a method for assessing or predicting the risk
of kidney rejection after kidney transplantation of an individual who has obtained a kidney

donation. This method comprises the following steps:

In a first step, the concentration of at least three substances chosen from the group consisting
of 3-hydroxy isovalerate, acetyl carnitine, alanine, citrate, dimethylamine, glucose,
glucuronate, hippurate, lactate, malonate, methyl guanidine, methyl malonate, methyl
succinate, p-cresol, phenyl acetate, phenylacetylglycine, phenylacetylglutamine, taurine,
trigonelline, and urea is determined in a body fluid sample of an individual who has obtained a
kidney donation. This is done by analyzing the body fluid sample in the presence or absence
of the individual with a suited measuring technique, with the provision that the concentration
of at least one substance chosen from the group consisting of alanine, dimethylamine,
glucuronate, phenylacetylglutamine, and urea is determined.

In a second step, a score is calculated from the determined concentrations, wherein the score
is indicative for the risk of kidney rejection of the individual.

Afterwards, the specific risk of kidney rejection is derived from the calculated score based on
a predefined allocation of individual scores to specific risks of kidney rejection. Thereby, the
calculated score can be grouped into one of different predefined groups being indicative for

different risks of kidney rejection.

This risk of kidney rejection is then output to the individual or third person like a physician or
medical staff.

Date Regue/Date Received 2021-06-23
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In an embodiment, the risk of kidney rejection is determined on an extended score as explained
above. The method then forms part of a decision support system or makes up such a decision

support system.

In an aspect, the invention relates to a decision support system implementing a method as

explained above.

In an aspect, the instant invention relates fo the use of the creatinine concentration in a urine
sample for normalizing the concentration of at least one other substance determined in the
same urine sample, in particular by dividing the concentration of the other substance by the
concentration of creatinine. This normalization method forms a part of the instant disclosure
that can, in an embodiment, combined with any other method or use described herein.

Thereby, all embodiments explained with respect to the method for analyzing an isolated body
fluid sample can be likewise applied in any desired combination to the described method for
assessing the risk of kidney rejection. This is especially true for the output report explained
above in connection to the in vitro method for analyzing an isolated body fluid sample.

In one embodiment, there is provided a method for analyzing an isolated urine sample in vitro,
comprising the following steps: a) providing a urine sample from an individual who has received
a kidney donation, b) determining the concentration of at least three substances chosen from
the group consisting of 3-hydroxy isovalerate, acetyl carnitine, alanine, citrate, dimethylamine,
glucose, glucuronate, hippurate, lactate, malonate, methyl guanidine, methyl malonate, methyl
succinate, p-cresol, phenyl acetate, phenylacetylglycine, phenylacetylglutamine, taurine,
trigonelline, and urea in the urine sample by analyzing the urine sample with a suited
measuring technique, with the provision that the concentration of alanine is determined, c)
calculating a score from the determined concentrations, the score being indicative for the risk
of kidney rejection of the individual, wherein calculating the score comprises multiplying each
of the concentrations of the substances by a substance-specific weighting factor to provide a

plurality of weighted values and combining the weighted values into a risk equation.

All explained embodiments of the described uses can be applied in any desired combination

to the described methods, and vice versa.

Date Recue/Date Received 2022-06-09
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Aspects of the invention will now explained in more detail with respect to exemplary
embodiments and accompanying Figures. In the Figures:

Figure 1A shows a receiver operating characteristic (ROC) plot of sensitivity versus
5 specificity of a model for determining the risk of kidney rejection taking into
account lactate, citrate and trigonelline as marker substances (comparative

example);

Figure 1B shows an ROC plot of sensitivity versus specificity of a model for determining

10 the risk of kidney rejection taking into account lactate, citrate and hippurate as

marker substances (comparative example);

Date Recue/Date Received 2022-06-09
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Figure 1C

Figure 2A

Figure 2B

Figure 2C

Figure 2D

Figure 2E

Figure 2F

Figure 2G

Figure 3A

10
shows an ROC plot of sensitivity versus specificity of a model for determining
the risk of kidney rejection taking into account lactate, citrate and urea as marker
substances;

shows an ROC plot of sensitivity versus specificity of a model for determining
the risk of kidney rejection taking into account lactate, citrate, trigonelline and

glucose as marker substances (comparative example);

shows an ROC plot of sensitivity versus specificity of a model for determining
the risk of kidney rejection faking into account lactate, citrate, hippurate and
glucose as marker substances (comparative example);

shows an ROC plot of sensitivity versus specificity of a model for determining
the risk of kidney rejection taking into account lactate, citrate, trigonelline and

hippurate as marker substances (comparative example);

shows an ROC plot of sensitivity versus specificity of a model for determining
the risk of kidney rejection taking into account lactate, citrate, urea and alanine
as marker substances;

shows an ROC plot of sensitivity versus specificity of a model for determining
the risk of kidney rejection taking into account lactate, citrate, urea and
glucuronate as marker substances;

shows an ROC plot of sensitivity versus specificity of a model for determining
the risk of kidney rejection taking into account lactate, citrate, urea and alanine
as marker substances and additionally considering the concentration of

creatinine in blood serum of the individual;

shows an ROC plot of sensitivity versus specificity of a model for determining
the risk of kidney rejection taking into account lactate, citrate, urea and alanine
as marker substances and additionally considering the estimated glomerular
filtration rate of the individual;

shows an ROC plot of sensitivity versus specificity of a model for determining
the risk of kidney rejection taking into account lactate, citrate, trigonelline,

hippurate and glucose as marker substances (comparative example);
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Figure 3B shows an ROC plot of sensitivity versus specificity of a model for determining
the risk of kidney rejection taking into account lactate, citrate, urea, alanine and

glucuronate as marker substances; and

Figure 3C shows an ROC plot of sensitivity versus specificity of a model for determining
the risk of kidney rejection taking into account lactate, citrate, urea, alanine and

dimethylamine as marker substances.

The results depicted in Figures 1A to 3C are based on an analysis of more than 4200 urine
samples from patients having obtained a kidney donation. The urine samples were taken from
these patients in a time window between 14 days after transplantation and 365 days after
transplantation. Thereby, in a first step a training sample set (based on more than 870
samples) has been analyzed to identify suited marker substances. Subsequently, the identified
suited marker substances have been tested on a validation sample set (more than 580
samples) to assess the performance of a determination of the risk of kidney rejection making
use of these marker substances.

Sample handling and preparation

Mid-stream urine samples were collected in standard plastic urine cups and aliquots of 1 ml
were transferred into 1.5 ml sample tubes. The aliquots were frozen at -20°C within 8 hours
after collection. For storage, the tubes were kept at -80°C. For NMR measurements, aliquots
were allowed to thaw at room temperature. Upon compilete thawing, 600 ul of the aliquot were
mixed with 120 pl of Axinon® urine additive solution. The mixture was centrifuged at 20000 g
for 10 min and 600 pl of the supernatant was transferred to 5 mm NMR tubes and kept at 4-

8°C until measurement.

NMR measurements

All measurements were carried out on a Bruker Avance [+ 600MHz NMR spectrometer using
a PATX! 1H/D-13C/15N Z-GRD probe. All samples were kept at 5-7°C in the SampleJet and
brought to the target temperature in the integrated preheating block before measurement. A
standard pulse program with 30 degree excitation pulse and pre-saturation for water
suppression was used (zgpr30).

Samples were measured in batches of up to 93 samples per run. In addition to the analytical

samples, each run included one Axinon® urine calibrator sample and two Axinon® urine control
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samples (before and after the analytical urine samples, respectively) in order to assure ideal
measurement conditions throughout the run.

Signal analysis
NMR spectra underwent automatic referencing, phase correction and baseline correction
before further analysis.

Subsequently, the NMR spectra underwent an automatic standardization and calibration
procedure to minimize between-device, between-day and between-run effects. The quality of
each of these spectra was assessed by a custom spectrum qualification algorithm that
analyzes general spectral properties, e.g., offset and tilt of the baseline in selected spectral
regions, and properties of selected indicator signals, e.g., signal position, shape and width.
Spectra that did not meet the predefined quality criteria were excluded from further analysis.

Successfully qualified spectra were divided into 403 bins of 0.04 ppm width positioned with
50% overlap between consecutive bins covering a spectral range from 0.96 to 9.04 ppm. The
area from 4.5 to 5.0 ppm (water signal) was not considered in the analyses. Thus, a total of
377 bins for subsequent analysis remained.

Quantification of specific signal peaks was done by fitting Pseudo-Voigt functions, which
represent a linear combination of a Gaussian and a Lorentzian function, to each peak of
interest. The resulting signal fits were checked for goodness of fit in order 1o reject resulis of

insufficient fit quality.

Marker substance identification

Suited marker substances were identified with the aid of the obtained NMR spectra in an
iterative way by combining the NMR information with the additional information whether the
underlying sample was taken from an individual that showed kidney rejection or from an
individual that did not show kidney rejection.

An individual who recovered well from kidney transplantation and did not show any significant
abnormality was considered to be an individual that did not show kidney rejection. Individuals
encountering kidney problems after kidney transplantation were subjected to a biopsy being
the gold standard for determining whether or not the donated kidney is rejected. If the outcome
of such a biopsy was that kidney rejection has been taken place or was about to take place,
these individuals were considered to be individuals showing kidney rejection.
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Since a biopsy can cause hematuria and may potentially impact kidney function directly, only
urine samples that have been taken within max. 7 days prior to biopsy were included in the
assessment. Thus, if a urine sample was taken from an individual that subsequently underwent
a biopsy which resulied in the finding that a kidney rejection was about to take place or has
been taken place, the sample was assigned to an individual having a high risk of kidney
rejection. If a biopsy did not provide any result indicative for kidney rejection, the according
individual was considered to be a person having no significant risk of kidney rejection.

Test of identified marker substances

The identified marker substances were tested in different combinations to assess their
suitability for determining the risk of kidney rejection of an individual after kidney
transplantation. In doing so, the result of the determination based on the marker substances
(predicted risk) has been checked against clinical signs of kidney rejection and/or transplant

dysfunction as well as the results of performed biopsies (histologically proven kidney rejection).

The results are summarized in receiver operating characteristic (ROC) plots. In these plots,
the area under the curve (AUC) indicates the fitness of the prediction. If the AUC is 0.5, the
prediction is to be considered random and thus not well suited. The higher the AUC, the better
is the prediction model.

Figure 1A shows an ROC plot of a model for determining the risk of kidney rejection taking into
account lactate, citrate and trigonelline as marker substances (comparative example). These
substances are already known from prior art to be used as substances for determining the risk
of kidney rejection, but have not been described so far in this specific combination. To
compensate for concentration differences, all substance concentrations determined in this and
in the following examples have been normalized to the concentration of creatinine in urine.
Thus, the concentration of creatinine in urine serves as internal standard. The resulting AUC
is 0.714. This AUC is much better than a simply random prediction and also better than an
according AUC of an individual substance used as marker for determining the risk of kidney
rejection. Nonetheless, a further enhancement of the reliability of the prediction model is

desired.

If trigonelline is replaced by hippurate, the AUC is 0.706 and thus even lower (comparative
example) as can be seen from Figure 1B. Hippurate is also already known from prior art to be
used as marker for determining the risk of kidney rejection.
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If, however, trigonelline is replaced by a newly identified marker substance, namely, urea, the
AUC significantly increases to 0.741. This is shown in Figure 1C. Thus, a combination of two
“old” marker substances (lactate and citrate) with a newly identified marker substance (urea)
results in a much higher performance of the respective prediction model.

Generally, the quality of the prediction model can be increased by increasing the total number
of marker substances included in the prediction model. Figure 2A shows an ROC plot of the
model for determining the risk of kidney rejection taking into account lactate, citrate, trigonelline
and glucose (comparative example). Using these four already known substances as marker
substances, an AUC of 0.732 results.

By using hippurate instead of trigonelline, the AUC drops to 0.717, as shown in Figure 2B
(comparative example).

When using a combination of lactate, citrate, trigonelline and hippurate as marker substances
in a model for determining the risk of kidney rejection, an AUC of 0.716 results, as shown in
Figure 2C (comparative example).

Thus, a model making use of four already known marker substances results in an AUC ranging
from 0.716 to 0.732.

The performance of an according model for predicting the risk of kidney rejection can be
significantly increased by including two newly identified marker substances into the model. If
the model is based on lactate, citrate, urea and alanine, an AUC of 0.752 results, as shown in
Figure 2D.

A similar high AUC can be observed for a model taking into account lactate, citrate, urea and
glucuronate. This is shown in Figure 2E, indicating an AUC of 0.748.

The prediction quality of an according model for determining the risk of kidney rejection after
kidney transplantation can be even more increased if additional patient information is included
in the model. Figure 2F shows an ROC plot of a model taking into account lactate, citrate, urea
and alanine as marker substances (like the model underlying Figure 2D). By additionally
considering the creatinine concentration in the blood serum of the same individual, the AUC
can be increased from 0.752 (cf. Figure 2D) to 0.830, as shown in Figure 2F. Thereby, the
calculated score for the predicted risk of kidney rejection has been multiplied by the
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conceniration of creatinine in the blood serum of the same individual, a urine sample of whom
has been analyzed.

A likewise high performance increase can be observed when combining a prediction model
with additional information based on the estimated glomerular filtration rate (eGFR). Figure 2G
shows the performance of a model taking into account lactate, citrate, urea and alanine as
marker substances (cf. Figure 2D) and additionally considering the estimated glomerular
filtration rate as further parameter. In doing so, the AUC increases from 0.752 (cf. Figure 2D)
0 0.836, as indicated in Figure 2G. Thereby, the score for predicting the risk of kidney rejection
calculated on the basis of lactate, citrate, urea and alanine has been divided by the determined
estimated glomerular filtration rate of the same individual, a urine sample of whom has been

analyzed.

If five instead of four already known marker substances are used in a marker set of a model
for predicting the risk of kidney rejection after kidney transplantation, the AUC can only hardly
be increased. This is shown in Figure 3A depicting an ROC plot of a model taking into account
lactate, citrate, trigonelline, hippurate and glucose as marker substances (comparative
example). The resulting AUC is 0.733 and thus only slightly higher than the AUC of a model
taking into account lactate, citrate, trigonelline and glucose as marker substances (cf. Figure
2A).

If, however, two already known marker substances (lactate and citrate) are combined with
three newly identified substances, the prediction quality of the model can be significantly
increased, as indicated by a significantly increased AUC. Specifically, if a model is used for
predicting the risk of kidney rejection after kidney transplantation that takes into account
lactate, citrate, urea, alanine and glucuronate as marker substances, an AUC of 0.756 results,
as indicated in Figure 3B.

If glucuronate is replaced by dimethylamineg, the resulting AUC is 0.749 and thus slightly lower,
but still much higher than without these newly identified marker substances. An according ROC

piot is shown in Figure 3C.

Summarizing, the newly identified marker substances alanine, dimethylamine, glucuronate,
phenylacetylglutamine, and urea strongly increase the reliability and performance of prediction
models for assessing the risk of kidney rejection after kidney fransplantation if used alone or
in combination with already known marker substances for this purpose. Thus, by the
(additional) use of these marker substances, methods for determining or predicting the risk of
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kidney rejection after kidney transplantation can be performed with a much higher accuracy
and reliability. This is likewise true for methods providing original data that can subsequently
be used by a physician to make a diagnosis regarding the kidney rejection risk.

* k k k% %
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Claims

1. Method for analyzing an isolated urine sample in vitro, comprising the following steps:

a) providing a urine sample from an individual who has received a kidney donation,

b) determining the concentration of at least three substances chosen from the group
consisting of 3-hydroxy isovalerate, acetyl carnitine, alanine, citrate, dimethylamine,
glucose, glucuronate, hippurate, lactate, malonate, methyl guanidine, methyl malonate,
methyl succinate, p-cresol, phenyl acetate, phenylacetylglycine, phenylacetylglutamine,
taurine, trigonelline, and urea in the urine sample by analyzing the urine sample with a
suited measuring technique, with the provision that the concentration of alanine is

determined,

¢) calculating a score from the determined concentrations, the score being indicative for the
risk of kidney rejection of the individual, wherein calculating the score comprises
multiplying each of the concentrations of the substances by a substance-specific
weighting factor to provide a plurality of weighted values and combining the weighted

values into a risk equation.

2. Method according to claim 1, wherein the determined concentrations are normalized to the

concentration of creatinine in the same urine sample.

3. Method according to claim 1 or 2, wherein the urine sample is grouped into one of at least
two predefined groups on the basis of the calculated score.

4. Method according to claim 1 or 2, wherein an extended score is calculated from the score by
additionally considering at least one value of the group consisting of a value being indicative
for the concentration of creatinine in blood serum of the individual, a value being indicative
for the glomerular filtration rate of the individual, and a value being indicative for the estimated

glomerular filtration rate of the individual.

Date Regue/Date Received 2022-06-09



18

5. Method according to claim 4, wherein the sample is grouped into one of at least two
predefined groups on the basis of the calculated extended score, thus providing a decision
support system.

6. Method according to any one of claims 1 to 5, wherein the marker set comprises at least one
substance chosen from the group consisting of dimethylamine, glucuronate, and urea.

7. Method according to any one of claims 1 to 5, wherein the marker set comprises urea.

8. Method according to any one of claims 1 to 7, wherein the marker set comprises lactate and

citrate.

Date Rec¢ue/Date Received 2023-01-30



CA 03055004 2019-08-29

WO 2018/167157 PCT/EP2018/056414
1/7

1.0 0B iR 0.4 0.2 R
Specificity

FIG 1A

I I ] I I I
1.0 0.8 06 04 02 0.0

Specificity

FIG 1B



CA 03055004 2019-08-29

WO 2018/167157 PCT/EP2018/056414
2/7

.
.

L

i I I I I I
1.0 0.8 08 04 2 0.0

Specificity

FIG1C

0.732 {0.655-0 806}

I I I I ] ]
1.0 a8 06 04 0.2 0.0

Specificity

FIG 2A



CA 03055004 2019-08-29

WO 2018/167157 PCT/EP2018/056414
3/7

o 0T (D.841-0.793)

L
[
o
o
] I I I I ]
10 0.8 0.8 04 0.2 0.0
Specificity
FIG 2B

] I I I I I
1.0 08 06 g4

Specificity

FIG 2C




CA 03055004 2019-08-29

WO 2018/167157 PCT/EP2018/056414
4/7

SAUC: 0.752 (D.677-0.827)

=
= 1
] ] I I I I
1.0 08 ER 0.4 0.2 0.0
Specificity
FIG 2D
e
o
Lo’

AUC 0.748 {0.673-0.822)

] I I I I I
1.0 0.8 06 0.4

Specificity

FIG 2E




CA 03055004 2019-08-29

WO 2018/167157 PCT/EP2018/056414
5/7
o |
0o _|
[
© |
> o
=
@ UC: 0.830 (0.763-0.897)
B« _
(]
o |
<
o
s
I I I I I I
1.0 0.8 06 0.4 0.2 0.0
Specificity
o |
[eo]
@
© _|
> ©
=
@ AUC: 0.836 (0.771-0.901)
B <«
<
o
o
o
2
I [ [ I I [
1.0 08 06 0.4 0.2 0.0
Specificity

FIG 2G



CA 03055004 2019-08-29

WO 2018/167157 PCT/EP2018/056414
6/7

1.0

0B

ity
08
|

&
5
oy

=
=]

=
o
I I ] I ] I
10 0s 0.8 04 0.0
Specificity
(=
=
e
e
£
AL 0,756 (0.682-0.830)
“
=
=
o3
] I I ! I I
10 0.8 0.6 04 02 4.0
Specificity

FIG 3B



CA 03055004 2019-08-29

WO 2018/167157 PCT/EP2018/056414
717

AUQ 0,745 (0.676-D.822)

I I I I ] I
1.0 0g 06 0.4 0.2 0.0

Specificity

FIG 3C



	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - CLAIMS
	Page 21 - CLAIMS
	Page 22 - DRAWINGS
	Page 23 - DRAWINGS
	Page 24 - DRAWINGS
	Page 25 - DRAWINGS
	Page 26 - DRAWINGS
	Page 27 - DRAWINGS
	Page 28 - DRAWINGS

