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(57) ABSTRACT

An in vitro method for the risk stratification of patients with
stable arteriosclerosis, especially stable coronary artery dis-
ease, is disclosed wherein the concentration of procalcitonin
is determined in the circulation of such patients using a
highly sensitive PCT assay, and wherein within the range of
PCT concentrations in the typical normal range of healthy
individuals cutofl’ values are defined which distinguish
groups of individual patients with stable arteriosclerosis in
accordance with personal cardiac risk, and patients are
allotted to one of said risk groups on the basis of their
individual PCT concentrations.
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1
METHOD FOR RISK STRATIFICATION IN
STABLE CORONARY ARTERY DISEASE

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a continuation of U.S. application Ser.
No. 14/223,517 filed on Mar. 24, 2014, (now issued as U.S.
Pat. No. 9,217,742), which is a continuation application of
U.S. application Ser. No. 12/671,823 filed on Sep. 26, 2011,
(now issued as U.S. Pat. No. 8,735,079) as a 371 filing of
PCT International application no. PCT/EP2008/006378 filed
on Aug. 1, 2008 and published in English as WO 2009/
018979 A1 on Feb. 12, 2009, which claims the priority of
European application no. 07015271.5 filed Aug. 3, 2007.
The disclosures of these applications and all other patents,
published applications and other references cited herein are
hereby incorporated by reference in their entirety.

BACKGROUND OF THE INVENTION

The present invention discloses a new method for patient
stratification in stable coronary disease (coronary disease:
CAD) according to the patients’ individual cardiac risks.
Patients in the condition of a stable CAD are typically
patients with angiographically proven CAD, ie. with
affected coronary arteries, with plaques on the inner walls of
the coronary artery (atherosclerosis) and stenosis in a major
coronary artery. CAD is considered a serious cardiac risk.
CAD patients are considered as “stable” if the CAD does not
manifest itself in the form of acute cardiovascular events.

In view of the imminent risk of future cardiovascular
events it would be highly desirable to be able to distinguish
within the group of patients with stable CAD between
different groups according to their personal cardiac risk such
that an “individual state of alert” can be determined for a
particular patient in accordance with the risk group to which
he has been allotted. Such grouping of patients is usually
called “stratification”.

Distinguishing high risk patients from patients at moder-
ate or low risk would allow a better selection of the most
appropriate therapeutic strategy for a particular patient,
avoiding, for example, underestimation of the cardiac risk
and undermedication of high risk patients on the one hand
and unnecessary therapeutic interventions, and the associ-
ated costs, with low risk patients on the other.

It is, therefore, an object of the present invention to
provide a new method by which patients with stable CAD
can be stratified in accordance with their personal cardiac
risks, i.e. with respect to their individual risks concerning the
future incidence of cardiovascular events.

As is further explained in detail below, the inventors have
conducted a study to evaluate the potential usefulness of a
number of analytes (biomolecules, biomarkers) which can
be determined in the circulation of patients for a stratifica-
tion of patients with stable CAD.

In the course of said study they have surprisingly found
that a highly sensitive measurement of the concentration of
the peptide procalcitonin (PCT) in the circulation of CAD
patients in the range of very low physiological concentra-
tions, which concentrations up to now were considered as
being below diagnostic significance and, therefore, concen-
trations typical for normal healthy individuals, allows a
useful stratification of CAD patients, and that the usefulness
of such highly sensitive PCT determination can even be
increased if the results obtained fro PCT are evaluated in
combination with the results of the measurement of an
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analyte of another type action (a vasoactive analyte), exem-
plified by the so-called B-type (or brain) natriuretic peptide
BNP.

Accordingly, the present inventions discloses a method as
claimed in any of claims 1 to 6, and the use of a highly
sensitive determination of PCT in the context of the prog-
nosis of cardiovascular diseases for the risk stratification of
patients, especially in arteriosclerosis and CAD, according
to claims 7 and 8 respectively.

Procalcitonin (PCT), which is to be measured in accor-
dance with the present invention, has become a well-estab-
lished biomarker for sepsis diagnosis: PCT reflects the
severity of bacterial infection and is in particular used to
monitor progression of infection into sepsis, severe sepsis,
or septic shock. It is possible to use PCT to measure the
activity of the systemic inflammatory response, to control
success of therapy, and to estimate prognosis (1) (2) (3) (4)
(5). The increase of PCT levels in patients with sepsis
correlates with mortality (6).

Whereas an increasing number of studies investigates the
potential role of PCT in other infectious diseases like
pheumonia, bacterial meningitis and malaria (7) (8) (9). no
studies reported yet about the potential use of PCT in risk
stratification of patients suffering from stable coronary
artery disease (CAD). In vitro-studies showed, that PCT
plays an important role during monocyte adhesion and
migration and further has an effect on inducible nitric oxide
synthase (iNOS) gene expression (10) (11) (12). The asso-
ciation between PCT levels and low-grade inflammation of
the arterial wall in atherosclerosis and the potential effect on
endothelial dysfunction has not been analyzed. Our prospec-
tive study examined the prognostic impact of PCT in a large
group of consecutively enrolled stable angina patients on
cardiovascular outcome to evaluate the potential clinical
applicability of PCT measurements in CAD.

In the context of sepsis and related conditions, where the
concentrations of PCT reach rather high physiological con-
centrations, PCT has been measured traditionally by means
of an assay of the sandwich type using two monoclonal
antibodies binding to different portions of the PCT molecule
so that essentially only the complete PCT molecule is
detected (see, for example, (1)). The typical functional assay
sensitivity (FAS) of the typical two-sided chemilumines-
cence assay for PCT is 300 ng/L. (0.3 ng/ml or 0.3 pg/L).

More recently new highly sensitive assays for the deter-
mination of PCT have been developed (28). The functional
assay sensitivity (FAS, interassay CV<20%) of this new
assay was <7 ng/l PCT. Using this assay, typical PCT
concentrations in healthy individuals could be determined.
In 500 healthy individuals the range was <7 to 63 ng/L
(<0.007 to 0.063 ng/ml), i.e. a range of concentrations well
below 0.1 ng/ml. The determined median was 13.5 ng/L.
(95% confidence interval for the mean 12.6 to 14.7 ng/L).

In further improved form said sensitive PCT assay is
available as PCT sensitive LIA (B.R.A.H.M.S AG, Hennigs-
dorf, Germany) having an analytical assay sensitivity of 0.01
ng/ml and a functional assay sensitivity (FAS) of at least
0.05 ng/ml. A related assay for the time-resolved amplified
cryptate emission (TRACE) technology (Kryptor PCT,
B.R.AHM.S AG, Hennigsdorf) has a functional assay
sensitivity of 0.06 ug/L (0.06 ng/ml).

The more recent sensitive PCT assays have predomi-
nantly been used in connection with the guidance of anti-
biotic therapy in lower respiratory tract infections (commu-
nity-acquired pneumonia, CAP; exacerbations of chronic
obstructive pulmonary disease, COPD: see (29), (30), (31)).
In the case of CAP antibiotic treatment is recommended on
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the basis of measured PCT concentrations as follows:
strongly encouraged, greater than 0.5 pg/l; encouraged,
greater than 0.25 pg/L; discouraged, less than 0.25 mg/T;
strongly discouraged, less than 0.1 pg/L (29). In other words,
concentrations of 0.1 ug/LL (or 0.1 ng/ml) are considered as
concentrations typical for healthy individuals.

The method of risk stratification of patients with stable
coronary artery disease (stable CAD) is based on a differ-
ential evaluation of measured PCT concentrations which are
below the value of 0.1 ng/ml for healthy individuals and
which so far have not been used for diagnostic of prognostic
purposes.

The invention is discussed in more detail in the following
sections and the FIGS. 1 to 3 and Tables 1 to 7 mentioned
therein. The Tables mentioned are found on separate pages
at the end of the text of the description.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1: shows Kaplan-Meier survival curves showing
cardiovascular events according to quartiles of procalci-
tonin;

FIG. 2: shows Kaplan-Meier survival curves showing
cardiovascular events according to procalcitonin cut-off
value 0.05 ng/ml;

FIG. 3: Kaplan-Meier survival curves showing cardiovas-
cular events according to procalcitonin and B-type natri-
uretic peptide in combined analysis:

DETAILED DESCRIPTION OF THE
INVENTION

Study Population

Between November 1996 and January 2004, 3326
patients with angiographically proven CAD and at least one
stenosis =30% diagnosed in a major coronary artery at the
Department of Medicine II of the Johannes Gutenberg
University in Mainz or the Department of Medicine of the
German Federal Armed Forces Central Hospital in Koblenz
were enrolled in the AtheroGene registry. Further details on
the concept of the AtheroGene study have been described
previously (13).

In the present substudy, exclusion criteria were clinical
signs of acute coronary syndrome (unstable Angina Braun-
wald classification class B or C, acute ST-segment elevation,
and non-ST-segment elevation myocardial infarction).
Patients with coronary artery bypass surgery or coronary
revascularization during the last four weeks were also
excluded. Further reasons for exclusion were evidence of
hemodynamically significant valvular heart disease, surgery
or trauma within the previous month, known cardiomyopa-
thy, manifest carcinoma, chronic inflammatory disease,
febrile conditions, or use of oral anticoagulant therapy
within the previous four weeks.

The history of classical risk factors was assessed as
follows. Patients receiving anti-hypertensive treatment or
having already confirmed the diagnosis of hypertension
(blood pressure above 160/90 mmHg) were considered to
have hypertension. Hyperlipoproteinemia was diagnosed in
patients under lipid-lowering medication or with a history of
cholesterol levels 2240 mg per deciliter. Patients were
classified as currently smoking, as having smoked in the past
(if they had stopped more than 4 weeks and less than 40
years earlier), or as having never smoked (if they had never
smoked or had stopped 40 or more years earlier). We
considered patients receiving dietary treatment or medica-
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tion for diabetes or whose current fasting blood glucose
level was above 125 mg per deciliter to suffer from diabetes
mellitus.

1124 patients were followed up during a median period of
3.8 (maximum 6.8) years. Patients either presented them-
selves at our clinic (78.2%) or were interviewed by tele-
phone by trained medical staff. Follow-up information,
including death from cardiovascular causes (n=40), death
from causes not related to coronary artery disease (n=30),
and non-fatal myocardial infarction (n=32), was obtained
from hospital or general-practitioner charts. The primary
endpoint was non-fatal myocardial infarction and cardio-
vascular death.

The AtheroGene study was approved by the local ethics
committee of the University of Mainz. Study participants
had German nationality and, particularly, were inhabitants of
the Rhein-Main-Area. All patients were caucasian. Partici-
pation was voluntary, and patients were enrolled after writ-
ten informed consent was obtained.

Laboratory Methods

Blood samples were drawn under standardized conditions
before performance of coronary angiography. Samples were
taken when patients entered the catheterization lab after a
minimum 12 h-fast. Serum lipid levels were measured
immediately. Lipid levels were measured using routine
methods (total cholesterol and triglycerides, Roche Diag-
nostics GmbH, Mannheim, Germany; high-density lipopro-
tein cholesterol, Rolf Greiner Biochemica, Mannheim,
Flacht bei Limburg, Germany; and low-density lipoprotein
cholesterol calculated according to the Friedewald formula).
The LDL-/HDL-ratio was computed by dividing LDL by
HDL levels.

Plasma and serum samples were centrifuged at 4000 g for
10 minutes, divided into aliquots, and stored at —80° C. until
analysis. PCT was determined by a highly sensitive immu-
noluminometric assay (B.RAAH.MS PCT sensitive;
B.R.A-HM.S AG, Hennigsdorf, Germany; analytical assay
sensitivity: 0.01 ng/ml; functional assay sensitivity (20%
inter-assay variation coefficient): 0.05 ng/ml). Data were
generated using one lot of chemicals. C-reactive protein
(CRP) was analyzed by a latex particle-enhanced immuno-
assay (Roche Diagnostics, Mannheim, Germany; detection
range: 0.1 to 20 mg/l; interassay coefficient of variation, 1.0
percent for values of 15 mg per liter and 6.5 percent for
values below 4 mg per liter). Plasma B-type natriuretic
peptide (BNP) was determined using a fluorescence immu-
noassay (Biosite, San Diego, Calif., USA; detection range:
5 to 5000 pg/ml; interassay coeflicient of variation of near
10%; negligible cross-reactivity with other natriuretic pep-
tides). All laboratory measurements were performed in a
blinded fashion without knowledge of the clinical status of
the patient.

Statistical Considerations

The mean values (+standard deviation) and proportions of
baseline cardiovascular risk factors, clinical variables, and
biomarkers were calculated for study participants according
to quartiles of procalcitonin. Due to the small range of the
procalcitonin levels, the quartiles comprise not the same
number of patients. Variables with a skewed distribution
(Iskewness|>1) were presented as medians with quartiles.
Correlation analysis was done by Spearman rank correla-
tion. In another analysis hazard ratios for the highest versus
other quartiles of PCT were dichotomized according to
classical risk factors or medians of clinical variables and
biomarkers.

The association of the biomarkers PCT and BNP with the
primary endpoint according to quartiles was analyzed in
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different models by Cox regression analysis, the first model
adjusting for age and sex and the second adjusting for the
potential confounders and classical risk factors (age, sex,
body-mass index, hypertension, diabetes mellitus, smoking
status, LDL-/HDL-ratio, number of diseased vessels, beta-
blocker and statin therapy). The cumulative event plots
according to quartiles of PCT concentration were estimated
by the Kaplan-Meier method and were compared by use of
the log rank test. All survival analyses were conducted for
the primary end point of non-fatal myocardial infarction or
cardiovascular death. Data of patients who died from causes
not related to cardiovascular disease were censored at the
time of death.

PCT and BNP were log-transformed to enhance model fit.
To compare the predictive power of these biomarkers,
hazard ratios per one standard deviation increment were
calculated in univariate and multivariate analysis (adjusted
for classical risk factors and clinical variables). A backward
stepwise Cox regression approach was taken for the multi-
variate analyses with P=0.10 as the critical value for entering
and excluding ten variables (age, sex, body-mass index,
hypertension, diabetes, smoking, LDL~/HDL-ratio, number
of diseased vessels, statin and beta-blocker therapy) in the
model.

Hazard ratios (HR) and 95% confidence interval (CI) are
reported with 2-tailed probability values. Proportional haz-
ards assumption was checked using standard methods based
on testing for significant slope of the smooth curve through
the scatter of the rescaled Schoenfeld residuals versus time.

To further assess the predictive ability of the models, the
inventors considered the cardiovascular endpoint at two
years as a binary variable and logistic regression was
performed. Associated receiver operating characteristic
(ROC) curves for predicted probabilities were drawn for a
basic model containing classical risk factors and models
additionally containing PCT, CRP and BNP. The corre-
sponding areas under the curve along with 95% CI were
calculated.

The inventors further evaluated the combined role of PCT
and BNP on cardiovascular risk and therefore tested for
interaction followed by a dichotomized analysis of both
variables by using the highest quartile as cut-off point.
Hazard ratios and 95% CI, along with P-values, were
reported. Another cumulative event plot was estimated by
the Kaplan-Meier method for these four subgroups and
compared using the log rank test.

As P-values are not adjusted for multiple testing, they
have to be considered as descriptive. All calculations were
carried out using SPSS 15.0 for Windows, version 15.0.1
(SPSS Inc., Chicago, 111., USA).

Results

The mean age of the study population was 61.3£9.5 years,
and 80.5% of the patients were male. The patients in the
present substudy were divided into four groups according to
quartiles of PCT levels (00Table 1). No significant differ-
ences for the distribution of the classical risk factors were
found. CRP levels were higher in the fourth quartile than in
the others (3.66 mg/l vs. 1.81-2.10 mg/l). A moderate
correlation between PCT and CRP (r=0.27) was found.

The inventors further evaluated the predictive value of
PCT in subgroup analysis (Table 2). Median levels were
used to dichotomize continuous variables. In particular, PCT
levels were strongly predictive in patients with BNP serum
concentration above the median of 37.48 pg/ml with a
2.41-fold increased risk (95% CI 1.32-4.42; P=0.004) for the
highest PCT quartile.

15

20

25

40

45

60

65

6

Table 3 outlines the association between PCT, CRP and
BNP with future cardiovascular events. The percentage of
events increased across quartiles (FIG. 1) such as patients in
the highest quartile of PCT were associated with an 2.27-
fold (95% CT: 1.14-4.51; P=0.02) increase in risk for future
cardiovascular events in age- and sex-adjusted model. This
association remained significant in models adjusting for
most potential confounders. If analyzed as continuos vari-
able, an increment of one standard deviation (SD) of PCT
revealed a 1.33 higher (95% CI: 1.02-1.74; P=0.04) risk for
future cardiovascular events. Levels of BNP have been
related independently to the primary endpoint, whereas no
significant association between CRP and cardiovascular
outcome could be observed in the fully adjusted model.

All classical risk factors and clinical variables were
entered in a backward multiple stepwise regression analysis
as outlined in table 4. Continuos variables were log-trans-
formed and have been treated per increment of one SD. PCT
(HR 1.30, 95% CI: 1.00-1.70; P=0.05) was selected as an
independent predictor of cardiovascular risk. The final
model also revealed LDL-/HDL-ratio, female gender and
insulin-dependent diabetes mellitus (IDDM) as predictors
for the primary endpoint.

In another subanalysis, a PCT level of 0.05 ng/ml (accord-
ing to the functional assay sensitivity) was chosen as cut-off
value for cardiovascular risk prediction. 25% of the 39
patients with PCT levels above 0.05 ng/ml experienced
cardiovascular events and had a significant poorer prognosis
(FIG. 2). When entered in a backward multiple stepwise
regression analysis, a PCT level above 0.05 ng/ml is asso-
ciated with a 4.22 higher (95% CI: 2.07-8.59; P<0.001)
cardiovascular risk (Table 5).

To further explore whether PCT and BNP added infor-
mation beyond that obtained from classical risk factors, the
inventors computed the area under the ROC curve (AUC)
associated with prediction of different logistic regression
models, considering the cardiovascular endpoint at 2 years
as a binary variable (Table 6). As there were patients with a
follow-up of less than 2 years, only 1057 patients were
available for this analysis; 46 of them experienced a car-
diovascular event. The basic model including classical risk
factors such as age, sex, BMI, hypertension, diabetes mel-
litus, smoking status, LDL-HDL-ratio, number of diseased
vessels, beta-blocker and statin therapy revealed an AUC of
0.74 (95% CI: 0.67-0.81). Table 6 presents analyses com-
paring this basic model with models additionally including
either PCT, or BNP, or two, or all of them. Inclusion of one
SD increase of PCT improved the predictive value of the
basic model, reporting an increase from 0.74 to 0.77. One
SD increase of BNP revealed most additional information
beyond application of the basic model. The combination of
BNP and PCT with the basic model resulted in the highest
prognostic accuracy of this model. Results were similar
during a 1-year and 3-year follow-up (data not shown).

Because of the strong predictive value of PCT in patients
with BNP levels above the median (Table 2) and the high
prognostic accuracy for cardiovascular events when BNP
and PCT were combined in a model with classical risk
factors (Table 6), the inventors finally explored to what
extent PCT might add to the prognostic value of BNP (Table
7). With the test for interaction being negative (P=0.78), the
inventors assumed an additive effect for both biomarkers.
Patients with elevated levels of both biomarkers in the upper
quartile were at the highest risk for future cardiovascular
events (HR 7.04; 95% CI: 3.40-14.57; P<0.001). FIG. 3
provides the Kaplan-Meier survival curves according to
levels of PCT and BNP in combined analysis.
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DISCUSSION

In this prospective cohort of patients with angiographi-
cally documented CAD an independent association of PCT
with future cardiovascular events has been demonstrated.
This association did not change appreciably after adjustment
for most potential confounders, indicating that PCT provides
important information about cardiovascular prognosis in
addition of classical risk factors and other clinical variables.
Combined analysis of PCT and BNP improved the prognos-
tic accuracy for future cardiovascular events in the present
study.

Yet, only two studies evaluated the potential use of PCT
in the setting of CAD. Erren et al. (14) found slightly
increased PCT levels only in CAD patients with additional
peripheral arterial disease (PAD) and discussed PCT as a
marker for the atherosclerotic burden in a multi-marker
approach.

IThan et al. (15) found higher PCT levels (0.40+0.04 ng/ml
as opposed to 0.19+0.02 ng/ml in the control group) among
CAD patients experiencing a cardiovascular event. Herein
the inventors demonstrated PCT as an independent predictor
of future cardiovascular events, in particular adding infor-
mation on patients with high BNP levels, indicating a
potential of PCT to better stratify in high risk individuals.

Local or systemic inflammation affecting certain types of
tissue, also a trauma-related host response (16) (17) (18)
(19) (20), and consecutive monocytic activation thus are a
prerequisite for PCT production (4). The expression of PCT
messenger-RNA by peripheral blood mononuclear cells (21)
is stimulated in vitro not only by lipopolysaccharides, but
also by the proinflammatory cytokines interleukin-1f (IL-
1B), interleukin-2 (IL-2), interleukin-6 (IL-6) and tumor
necrosis factor-a (TNF-at), which seem to play a pivotal role
in the atherosclerotic process (22) (23) (24) (25). Thus,
slightly increased PCT levels might be an epiphenomenon of
the inflammatory activity within the vascular wall caused by
atherosclerosis. However, PCT seems to play a causative
role in monocytic activation: as a chemoattractant initially
only produced in adherent monocytes, which recruit later
parenchymal cells of the inflammated tissue for further PCT
production. Thus, PCT could have also an effect on leuko-
cyte migration (4) (10) (11) (14). Further studies have to
investigate, if the in vitro demonstrated stimulating effect of
PCT on nitric oxide synthesis gene expression (12) also has
an influence on endothelial dysfunction caused by athero-
sclerosis.

In the present study, patients with combined elevation of
PCT and BNP levels in the upper quartile had a 7.0-fold
increased risk for the primary endpoint compared to a
3.2-fold increased risk when BNP was elevated alone. Thus,
PCT significantly improved the AUC of the basic model
(classical risk factors) for risk prediction and even obtained
additional information on top of the biomarker BNP.

BNP is an established marker for left ventricular dysfunc-
tion. The sepsis marker PCT might also be a marker for
low-grade inflammation, in particular for monocyte activa-
tion or endothelial dysfunction, as shown in several in
vitro-studies. The representation of two different path-
omechanisms by BNP and PCT would explain the improve-
ment of the prognostic accuracy for future cardiovascular
events. Further studies are needed to evaluate the role of
PCT for risk prediction in diseases other than severe bacte-
rial infections and to elucidate more its pathophysiological
role in the inflammatory cascade.
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As the choice of the cutoffs for the analyses in table 7 and
FIG. 3 is data driven, the results can only give hints, but have
to be validated in independent studies.

In conclusion, PCT is independently related to future
cardiovascular events in a population of CAD patients and
might add information for risk stratification, in particular, in
high risk individuals.

SUMMARY

Background:

Procalcitonin (PCT) is a well-established biomarker for
the diagnosis and therapeutic monitoring of sepsis. In vitro-
studies showed that PCT has an effect on monocyte activa-
tion and even on nitric oxide synthesis. The present pro-
spective study examined the prognostic impact of PCT in
patients with established coronary artery disease (CAD) on
cardiovascular outcome.

Methods:

In a substudy of the prospective AtheroGene survey, in
1124 patients with stable CAD, the risk of cardiovascular
death and non-fatal myocardial infarction (N=72) over a
median follow-up of 3.8 (maximum 6.8) vears according to
the baseline concentration of PCT has been assessed.

Results:

The age- and sex-adjusted hazard ratio for patients within
the highest quartile of PCT related a 2.27-fold increase (95%
confidence interval (CI): 1.14-4.51; P=0.02) of the relative
risk for cardiovascular death and non-fatal myocardial
infarction, when compared to the first quartile. Adjustment
for classical risk factors and clinical variables did not
attenuate this relationship. Inclusion of one standard devia-
tion increase of PCT improved the predictive value of a
basic model (classical risk factors) for cardiovascular risk
prediction monitored by the area under the curve (AUC) of
an % CI: 3.40-14.57; P<0.001) higher cardiovascular risk.

CONCLUSIONS

Baseline concentration of PCT is independently related to
future cardiovascular events in patients with stable CAD
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TABLE 1

Baseline characteristics of the study population according to quartiles

Q1 Q2 Q3 Q4
Characteristic (N =254) (N =259) (N =301) (N =310)
Procalcitonin <0.010 0.010-0.013  0.014-0.020  >0.020
(ng/ml)
Age (ys) 60.6 £ 10.0 60.5+100 61395 625+8.6
Male sex (%) 72.0 80.3 86.0 82.3
Traditional
risk factors
Body-mass 27040 27438 27937 28441
index (kg/m?)
Hypertension 80.3 5.7 79.1 83.2
(%)
Diabetes
mellitus
Dietetic 4.3 2.7 37 6.1
treatment (%)
Drug 7.5 8.1 103 11.3
treatment (%)
Insulin 8.7 5.8 6.6 12.9
dependent (%)
Smoking Status
Never 378 37.8 382 323
smoked (%)
Ex-smoker (%) 42.9 44.4 46.2 513
Current 19.3 17.8 15.6 16.5
smoker (%)
Lipid status
LDL cholesterol  128.0 123.0 118.0 119.0
(mg/dl) (98.0-157.8) (94.0-144.0) (92.5-143.0) (95.8-150.0)
HDL cholesterol ~ 53.0 49.0 47.0 45.0
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TABLE 1-continued TABLE 2

Baseline characteristics of the study population according to quartiles

Hazard ratios (95% confidence interval) for highest versus

Q1 Q2 Q3 Q4 other quartiles of procalcitonin according to traditional

Characteristic (N =254) (N = 259) (N =301) (N = 310) 5 risk factors (age-and sex-adjusted)

(mg/dl) (43.0-64.0)  (43.0-38.0) (40.5-56.0)  (39.0-35.0)
Triglycerides 122.0 117.0 1290 148.0 Variable HR (95% CI) P-value
(mg/dl) (93.8-168.0) (88.0-156.0) (97.0-188.0) (103.0-
201.5) " ; 2 -3.78)
Clinical 10 Age’ =63 yrs 1.92 (0.98-3.78)  0.06
variables >63 yrs 1.56 (0.77-3.13) 0.21
Sex** Female 1.81 (0.73-451) 0.20
Multl—vessel 744 67.2 724 72.9 Male 172 (0.97-3.06)  0.07
disease (%) ) 5 ’
History of 425 44.4 475 38.1 Body-mass index =264 kg/m-  2.22 (0.98-5.01) 0.06
myocardial 5 >26.4 kg/m?®  1.54 (0.83-2.83) 0.17
infarction (%) Hypertension No 1.16 (0.38-3.53)  0.80
Left ventricular 65.0 69.5 66.0 70.0 ’
ejection (53.5-73.0)  (60.0-77.0)  (55.0-74.0)  (58.0-78.0) Yes 1.98 (1.14-343)  0.02
fraction (%) Diabetes mellitus No 1.64 (0.88-3.09) 0.12
Medication Yes 1.93 (0.86-431) 0.1
Beta-blocker 58.7 622 70.8 62.3 20 Smoking No L7L(0.74397)  0.21
(%) Active 1.78 (0.98-3.25) 0.06
Statin (%) 531 518 614 36.8 LDL-/HDL-rztio <3 151 (0.79-2.89) 0.1
ACE-inhibitor 62.2 35.6 58.8 59.0 ’
(%) >3 2.18 (1.01-4.72)  0.05
Biomarkers Multi vessel disease No 2.73 (0.99-7.57)  0.05
25 \
C-reactive 1.85 181 2.10 3.66 Yes 158 090-277) 0.1
protein (097-3.79)  (0.98-4.18)  (1.17-4.02)  (1.76-8.15) C-reactive protein s2.34mg/l 148 (0.55-3.97) 0.44
(mg/l) >234mgl  1.58 (0.88-2.83) 0.13
B-type 38.97 40.94 37.64 33.97 L . \
natriuretic (13.79-98.87) (11.86-92.80) (12.02- (9.88- B-type natriuretic peptide  =37.48 pg/ml  1.19 (0.50-2.86)  0.70
peptide (pg/ml) 102.15) 101.11) 30 >37.48 pg/ml  2.41 (1.32-4.42) 0.004
Data presented are percentage of patients, mean + standard deviation, or median and
25%/75% interquartile range for skewed (lskewness| > 1) variables. Left-ventricular Median levels were used to dichotomize continous variables.
cjection fraction was available for 818 patients and B-type natriuretic peptide for 1032 .
patients. LDL denotes low-density lipoprotein, HDL high-density lipoprotein. To convert *adjusted for sex only

values for cholesterol to millimoles per liter, multiply by 0.02586; to convert values for

triglycerides to millimoles per liter, multiply by 0.01129. **adjusted for age only

TABLE 3

Hazard ratios for future cardiovascular events according to quartiles of
baseline procalcitonin, C-reactive protein and B-type natriuretic peptide

Events HR (95% CI) HR (95% CI)
N (%) age-/sex-adjusted  P-value fully adjusted* P-value

Procalcitonin (ng/ml)

Q1 <0.010 254 12 (5%
Q2 0.010-0.013 259 16 (6%

1 1
1.51 (0.71-3.19) 0.29 1.58 (0.74-3.35) 0.24
Q3 0.014-0.020 301 17 (6% 1.47 (0.70-3.10) 0.31 1.54 (0.73-3.26) 0.26
Q4 >0.020 310 27 (9% 2.27 (1.14-4.51) 0.02 2.08 (1.04-4.18) 0.04
Per SD increment 1.41 (1.07-1.86) 0.01 1.33 (1.02-1.74) 0.04
C-reactive protein (mg/l)

)
)
)
)

Q1 <122 282 11 (4%) 1 1

Q2 1.22-2.34 282 14 (5%) 127 (057-2.80) 056  1.08 (0.48-242)  0.86

Q3 2.35-4.95 279 19 (T%) 1.65 (0.78-3.47) 019 133 (0.62-2.87)  0.46

Q4 >4.95 281 28 (10%) 248 (1.23-5.02) 001 187 (0.89-3.92)  0.10
Per SD increment 142 (1.14-1.76) 0002 133 (1.05-1.67)  0.02

B-type natriuretic peptide (pg/ml)

Q1 <1197 258 9 (4%) 1 1
Q2 11973748 258 8 (3%) 1.04 (040-271) 094  1.08 (0.41-2.83)  0.88
Q3 37499940 258 15 (6%) 203 (0.87471) 010 211 (0.89-499)  0.09
Q4 >99.40 258 32 (12%)  5.06 (2341139) <0001 574 (251-13.11)  <0.001

Per SD increment 1.84 (142-238) <0001  1.93 (147-234)  <0.001

*Multivariate risk factor adjustment included age, sex, body-mass index, hypertension, diabetes, smoking status, LDL-/HDL-ratio,
number of diseased vessels, statin and beta-blocker therapy.
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TABLE 7

Final model of a backward multiple stepwise cox
regression analysis for cardiovascular risk predictors

Vatiable

Hazard ratio (95% Cl)

P-value

Procalcitonin (1 SD increase)
LDL~/HDL-ratio (1 SD increase)
Sex

Diabetes mellitus (IDDM)

1.30 (1.00-1.70)
132 (1.03-1.70)
0.57 (0.34-0.96)
275 (1.53-4.92)

0.05
0.03
0.03
0.001

TABLE 5

Final model of a backward multiple stepwise cox
regression analysis for cardiovascular risk predictors

Variable Hazard ratio (95% Cl)  P-value
Procalcitonin = 0.05 ng/ml 4.22 (2.07-8.59) <0.001
LDL-/HDL-ratio (1 SD increase)  1.34 (1.04-1.73) 0.03
Sex 0.60 (0.36-1.00) 0.05
Diabetes mellitus (IDDM) 2.74 (1.54-4.87) 0.001

TABLE 6

Incremental effects of procalcitonin, C-reactive protein
and B-type natriuretic peptide (all log-transformed)
on the area under the ROC-curve in addition to
classical risk factors (basic model) for the prediction of

the primary endpoint after 2 years

Model AUC 95% Cl

Basic model 0.74 0.67-0.81
Basic model + PCT 0.77 0.70-0.84
Basic model + CRP 0.75 0.67-0.82
Basic model + BNP 0.79 0.72-0.87
Basic model + PCT + CRP 0.77 0.70-0.84
Basic model + PCT + BNP 0.81 0.74-0.88
Basic model + CRP + BNP 0.80 0.73-0.87
Basic model + PCT + CRP + BNP 0.81 0.74-0.88
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Hazard ratios and 95% confidence interval for future
cardiovascular events according to baseline levels of
procalcitonin and B-type natriuretic peptide in
combined analysis (fully adjusted*)

Procalcitonin =~ B-type natriuretic Hazard ratio

(highest peptide 95%

quartile (highest quartile  confidence
N >0.021 ng/ml} >99.40 pg/ml)  interval P-value
654 - - 1
212 + - 1.13 (0.56-2.29)  0.74
190 - + 2.44 (1.30-4.56)  0.005

68 + + 7.04 (3.40-14.57) <0.001

*Multivariate risk factor adjustment included age, sex, body-mass index, hypertension,
diabetes, smoking status, LDL-/HDL-ratio, number of diseased vessels, statin and beta-
blocker therapy.

The invention claimed is:

1. A method for assessing the risk of future cardiovascular
events in an individual with stable coronary artery disease
(CAD), the method comprising:

(a) contacting a blood, plasma, or serum sample from the
individual having stable coronary disease (CAD) with
antibodies of a dual antibody assay for the determina-
tion of procalcitonin (PCT) with a functional assay
sensitivity of <0.007 ng/ml PCT to determine the level
of procalcitonin (PCT) in said plasma or serum sample
from the individual; and

(b) identifying the individual as being at highest risk of
experiencing future adverse cardiovascular events
when the PCT level is equal to or greater than 0.05
ng/ml.

2. The method of claim 1, wherein in conjunction with the
determination of PCT at least one further analyte useful for
cardiovascular prognosis is determined, said at least one
analyte being selected from the group consisting of natri-
uretic peptides, adrenomedullin, endothelins, vasopressin,
CRP, neopterin, myeloperoxidase, troponin, GDF-15, cys-
tatin-C and their precursors, their prohormones and associ-
ated prohormone fragments.

* ok %k
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