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Aims The purpose of this study was to characterize the relationship between

the degree of anticoagulation, assessed by APTT, and the plasma concentration of

inogatran in healthy subjects and in patients with coronary artery disease.

Methods Data from ®ve phase I studies in 78 healthy males and two phase II

multicentre studies in 948 patients of both sexes with unstable angina pectoris

or non-Q-wave myocardial infarction were evaluated. A total of 3296 pairs of

concentration-APTT samples were obtained before, during, and after intravenous

infusions of inogatran. Mixed effects modelling was used for population pharmaco-

dynamic analysis of the drug effect and for describing the variability in baseline APTT.

Results The population mean baseline APTT was 29 s, but large variations between

individuals (s.d. 3.6 s) were observed. The variability between studies (1.3 s) and

centres (1.8 s) were of less importance, though statistically signi®cant. APTT increased

in a nonlinear manner with increasing inogatran concentration and the relationship

was well described by a combined linear and Emax model. A signi®cant part of the

overall variability could be ascribed to the APTT reagent and equipment used at the

different study centres. These method-dependent differences were compensated for

by including the lower limit of the normal reference range as a covariate, affecting

both baseline and Emax, in the model. For the typical healthy subject and patient, the

method-corrected population mean parameters were: APTTbaseline 35 and 31 s, slope

8.0 and 5.8 s l mmolx1, Emax 36 and 34 s, and EC50 0.54 and 0.72 mmol lx1,

respectively. The model predicted plasma concentration needed to double the APTT

from the baseline value was 1.25 and 1.45 mmol lx1 in the healthy volunteer and

patient, respectively.

Conclusions The nonlinear relationship between APTT and inogatran concentration

in plasma was well described by a combined linear and Emax model. Pooling of data

was made possible by incorporating a centre-speci®c characteristic of the assay method

in the model. Patients had lower baseline APTT and appeared to have less pronounced

effect of inogatran than young healthy subjects.
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Introduction

Inogatran is a synthetic low-molecular-weight thrombin

inhibitor, developed for the possible treatment and

prophylaxis of arterial and venous thrombotic diseases.

Thrombin is a key enzyme in the coagulation cascade,

catalysing the formation of ®brin from ®brinogen [1].

In vitro studies have shown that the inhibition of thrombin

by inogatran is reversible, competitive and selective [2].

For this class of drugs it is important that an optimal degree

of anticoagulation is attained that gives the desired anti-

thrombotic effect without increasing the risk for adverse
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effects, such as bleeding complications, to an unacceptable

level. One common surrogate marker for the degree of

anticoagulation is the activated partial thromboplastin time

(APTT), which has long been used to monitor treatment

with heparin [3] and more recently in the clinical evalu-

ation of direct thrombin inhibitors, e.g. hirudin, hirulog

and argatroban [4±10]. Therapeutic ranges for APTT

have been established empirically for heparin in various

indications [11], but dif®culties exist due to lack of

standardization of measurement methods between

laboratories. After incubation of citrated plasma with

a reagent containing phospholipids as a substitute for

platelet membranes and a contact activator, calcium

is added and the clotting time (APTT) is registered.

Sources of variation in the APTT result include, e.g. type

and source of reagents, including batch-to-batch vari-

ations, type of instrument used for clot detection, citrate

concentration in the test tube, and type of test tube

[12±18]. In addition, anticoagulants with differing

mechanism of action produce different levels of anti-

thrombotic effect and bleeding at the same level of APTT

[3, 8, 19±22]. Antithrombotic effects have been demon-

strated for inogatran at plasma concentrations of

0.3±3 mmol lx1 in experimental rat models [20, 22, 23].

The predicted therapeutic level is 1 mmol lx1, which

is the concentration that causes a two-fold increase of

APTT from the baseline when inogatran is added to

human plasma [2].

The aim of this investigation was to characterize the

relationship between plasma concentration of inogatran

and APTT, measured in healthy volunteers and in patients

with coronary artery disease, and to identify important

factors in¯uencing this relationship. Pharmacodynamic

data from seven clinical trials involving a total of 1026

individuals were therefore evaluated using the population

approach.

Methods

Clinical studies

Data from ®ve pharmacokinetic studies in 78 healthy

volunteers and two clinical multicentre studies in 948

patients with coronary artery disease were included in the

analyses. The main design characteristics of the studies are

given in Table 1. All study protocols were approved by

the relevant ethics committees and the studies were

performed according to GCP (Good Clinical Practice)

standards. Written informed consent was obtained prior

to enrolment. The pharmacokinetic and clinical results

from these studies have previously been reported [24±26].

Healthy volunteers

Seventy-eight male volunteers, judged to be healthy by

standard clinical and laboratory investigations, participated

in ®ve phase I pharmacokinetic studies (studies A-E)

conducted at the AstraZeneca drug study unit (GoÈteborg,

Sweden). Demographic information is summarized in

Table 2. A total of 110 administrations of inogatran were

given as i.v. infusions over 10 min (studies A-B, D-E) or

4 h (study C). In addition, placebo was given in study C.

A total of 1096 pairs of blood samples (3±15 per subject)

were drawn for subsequent determination of inogatran

concentration and APTT and were all included in

the analysis.

Patients

In a Swedish four-centre phase IIA study (study F) a total of

49 patients received inogatran as i.v. infusion during four

hours (low, intermediate or high dose level) or three days

(intermediate dose level). In a phase IIB study (study G)

Table 1 Main study characteristics of i.v. inogatran data included in the population pharmacodynamic analysis

Study

Number of

centres

Number of

subjects Study design Dosing regime

Number of

samples

Conc. range

(mmol l ±1)

A 1 22 healthy Open, dose-escalation

2±4 subjects/dose, 1±2 doses/subject

i.v. inf. (10k) 183 0.10±7.06

B 1 16 healthy 1 dose/subject i.v. inf. (10k) 155 0.02±2.41

C 1 16 healthy Open, 2-way cross-over

inogatran or placebo

i.v. inf. (4 h) 477 0.02±2.38

D 1 12 healthy Double-blind, 2-way cross-over

inogatran+placebo or

inogatran+aspirin 150 mg p.o.

i.v. inf. (10k) 249 0.02±0.92

E 1 12 healthy 1 dose/subject i.v. inf. (10k) 32 0.02±2.42

F 4 49 patients Open, 4 parallel dose groups i.v. inf.10k+3 h 50k
or 10k+71 h 50k

286 0.03±1.91

G 61 899 patients Double-blind, 3 parallel dose groups i.v. bolus+inf. 72 h 1913 0.04±9.10

The amount of inogatran is given in Figure 1.
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904 patients from 61 Scandinavian centres obtained

constant infusion with one of three inogatran dose levels

for 3 days. In both studies, the patients should have a

clinical diagnosis of unstable angina pectoris or non-Q-

wave myocardial infarction, with an episode of chest pain

of at least 10 min duration within the preceding 72 h, and

should have been clinically stable in hospital for at least 8 h

before inclusion. Patient characteristics are given in

Table 2. In addition to the study drug, all patients

received standard doses of aspirin throughout the studies.

Standard treatments with nitroglycerin, b-adrenoceptor

blockers and calcium antagonists were given at the dis-

cretion of the responsible physician. In 948 patients at

least one plasma concentration vs APTT observation was

recorded and the total number of data points were 2200

(j4 per patient). All data points, except for one outlying

value (APTT 90 s at 0.026 mmol lx1), were included

in the pharmacodynamic modelling.

Study drug

The drug was administered as i.v. solutions containing

a stable dihydrobromide salt of inogatran (base: MW

438.6, salt: MW 600.4). Dose information is given in

Table 1.

Inogatran concentration in plasma

Venous blood samples were collected in 5 ml heparinized

tubes. Plasma was recovered after centrifugation and

stored at x20uC until analysis. Plasma concentrations

of inogatran were determined using reversed-phase liquid

chromatography (LC) and positive electrospray ionization

mass spectrometry. For quanti®cation, an analogue to

inogatran was used as internal standard. Inogatran was

isolated from plasma (500 ml) by solid-phase extraction

on octylsilica. LC separation was made on an ODS column

using an acetonitrile/ammonium acetate/formic acid

mobile phase. Inogatran and the internal standard were

monitored by selected ion monitoring at m/z 439.2 and

453.2, respectively. The method was linear over the range

0.02±13 mmol lx1 (500 ml plasma sample), with a lower

limit of quanti®cation of 0.10 mmol lx1 in study A and

0.02 mmol lx1 in studies B-G. The coef®cient of variation

(n=6) of daily plasma standards in study G, in which

samples were analysed on 41 occasions, was 1.5±14.2%

(mean 6.5%) at 0.02 mmol lx1 and 0.5±5.6% (mean 1.5%)

at 6.8 mmol lx1.

Activated partial thromboplastin time

Blood samples were drawn in citrated tubes and plasma

was separated. Activated partial thromboplastin time

(APTT) was measured according to the standard method

of the local laboratory. All samples from studies A-E

were analysed by the same laboratory using the reagent

PTT-Automate 10TM (Diagnostica Stago). The normal

reference range of this laboratory was 30±42 s. In study F

three additional laboratories were used with reference

ranges of 23±34 s, 24±35 s, and 30±42 s, respectively. In

study G, APTT was determined locally at 61 different

centres. Lower reference values (Ref Low) varied between

18 and 30 s (median 25 s) and upper reference values

(Ref Upp) were between 30 and 46 s (median 36 s) in

these centres. The width of the reference intervals

(Ref Width) varied between 6 and 20 s (median 12 s)

and the midpoint (Ref Mid) between 26 and 38 s (median

31 s) for the different laboratories.

Pharmacodynamic modelling

Methodology and software

The population approach was applied for the pharmaco-

dynamic modelling, using mixed effects models as

implemented in the software package NONMEM

(version V) [27]. The ®rst-order (FO) method was used

for estimation of mean and variability parameters. The

postprocessor Xpose (version 2.0) [28] was used for model

diagnostic purposes and for exploration of covariate

relationships.

Table 2 Subject characteristics. For continuous variables, the median

(range) values are provided. For categorial variables the number

(percentage) of subjects are given

Healthy volunteers Patients

Gender

Male 78 (100%) 652 (69%)

Female 0 296 (31%)

Age (years) 28 (20±39) 66 (32±81)

Weight (kg) 76 (66±86) 79 (50±121)

Smoking habits

Non-smoker ± 414 (44%)

Previous smoker ± 309 (33%)

Smoker 2 (17%)1 223 (24%)

Baseline APTT (s) 34 (28±49) 29 (15±60)

Concomitant aspirin 12 (15%) 948 (100%)

Diagnosis

Unstable angina pectoris 0 716 (76%)

Non Q-wave myocardial infarction 0 232 (24%)

Hypertension 0 333 (35%)

Diabetes 0 153 (16%)

Cardiac failure 0 124 (13%)

Clinical outcome

Death 0 9 (1%)

Myocardial reinfarction 0 41 (4%)

Refractory angina 0 38 (4%)

Recurrect angina 0 343 (36%)

None of the above 78 (100%) 517 (55%)

1 Recorded in study E only

Population modelling of inogatran effect on APTT
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Baseline APTT

Prior to modelling of the drug effect, the observed baseline

APTT values were characterized in order to quantify the

variability between centres, between studies within

centres, between individuals, and within individuals

when no inogatran is present. A linear mixed effects

model with four levels of variability was applied to all

APTT measured immediately before drug administration

for this purpose (studies A-G). In addition, the baseline

values from all healthy volunteers and from patients

(n=138) at the three centres using corresponding APTT

methodology (reference midpoint 36 s) were compared.

APTT after inogatran administration

To describe the effect of inogatran nonlinear mixed effects

models were used. Different pharmacodynamic models

were ®rst ®tted to absolute APTT values and inogatran

plasma concentration data, pooled from the studies in

healthy volunteers (studies A-E). The following structural

models were compared (C=inogatran concentration):

Model 1: APTT=h1+h2elog (C+1)

Model 2: APTT=h1+h2eC
h3

Model 3: APTT=h1+h2eC/(h3+C )

Model 4: APTT=h1+h2eC
h4/(h3

h4+C
h4)

Model 5: APTT=h1+h2eC+h3 C/(h4+C).

The ®xed effects (population mean) parameters (h : s)

and the random effects parameters (v2 : s and s2) were

estimated, where v2 is the variance of the individual

deviations (g : s) from the population mean parameters

(interindividual variability) and s2 is the variance of

the deviations from the model predicted APTT values

(residual error, e). Proportional and additive+propor-

tional error models were tested. Interoccasion variability

was modelled by the method proposed by Karlsson &

Sheiner [29]. The models were compared according to

goodness of ®t plots and objective function values (OFV),

which is approximately minus twice the logarithm of the

maximum likelihood of the data [27]. The difference in

objective function value (DOFV) between two hierarch-

ical models is approximately x2-distributed with n degrees

of freedom, where n is the difference in the number

of parameters between the two models. For example,

a DOFV of 3.84 is signi®cant at the 5% level, and 10.83

at the 0.1% level, for one degree of freedom.

The best model was selected for subsequent analysis

of pooled patient data (studies F-G). The in¯uence of

covariates was then evaluated on these data, with the

exception of concomitant aspirin medication that was

studied in healthy volunteers only (study D). The

covariates investigated in the patients were diagnosis,

gender, age, weight, smoking habits, presence of hyper-

tension, diabetes and cardiac failure, clinical outcome

day 30, and centre-speci®c reference values for the APTT

method (Ref Low, Ref Upp, Ref Mid and Ref Width),

see Table 2 for details. Missing covariates were set to the

study median (continuous covariate) or mode (categorial

covariate).

The covariate analysis was performed in three steps.

1. Individual Bayesian estimates of the pharmacody-

namic parameters were generated in NONMEM using the

model without covariates. The individual parameter estim-

ates were plotted against each covariate and potentially

important covariates were identi®ed using a generalized

additive modelling procedure (GAM), proposed by

Mandema et al. [30]. The GAM procedure was incorp-

orated in Xpose and explores linear and nonlinear

relationships [28].

2. All covariates selected by the GAM, and other

covariates that were considered of interest, were then

formally tested in a stepwise covariate analysis by

NONMEM. Each covariate was included in the

model, one at a time, assuming no covariance between

the individual parameters (g : s). The covariate causing

the largest reduction in OFV was kept in the population

model. This procedure was then repeated until all

statistically signi®cant covariates have been included.

The signi®cance level during this model building phase

was set to 0.05. Individual parameters (g : s) were then

allowed to covary in the full model.

3. One covariate at a time was then deleted from the full

model and the covariate causing the least increase in OFV

was removed from the model, provided that the

signi®cance level was not less than 0.001. This procedure

was repeated until the ®nal model was reached, containing

only those covariates that caused an improvement of the

model at the signi®cance level of 0.001.

Results

Baseline APTT

The overall population mean (s.e. mean) of the observed

baseline APTT was 29.2 (0.01) s, but large differences

were observed across individuals. In healthy volunteers

the mean (95% C.I.) baseline value was 35.2 (34.3, 36.1) s,

while in patients from matching study centres it was

31.1 (30.4, 31.7) s. The repeated observations after

placebo infusion demonstrated that the APTT level was

stable over time (Figure 1, study C). The major source

of overall variability was attributed to interindividual

differences (s.d. 3.6 s) and the variability between studies

(within centre) contributed to less than one tenth (on the

variance scale) of the total variability in APTT when no

inogatran is present (Table 3). Intercentre variability was

also signi®cant, but less than the interindividual variability.

M. Cullberg et al.
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APTT after inogatran administration

For each study, the mean APTT values vs time after start of

infusion are presented in Figure 1. The highest observed

APTT was 129 s in the healthy subjects and 108 s in the

patients, obtained after 10 min i.v. infusion of 83 mmol

and a steady state infusion of 11.4 mmol hx1, respectively.

The APTT was close to baseline 6 h after cessation of the

infusion. The response was not affected by concomitant

administration of aspirin (study D).

Theprolongation of APTTincreased in a nonlinear man-

ner with increasing inogatran concentration (Figure 2).

Individual plots of the increasing and decreasing phases

of the APTT vs plasma concentration curves showed

no signs of hysteresis. The pooled data from healthy

volunteers was best described by the combined linear

and Emax model (model 5) with residual error proportional

to the predicted APTT. Interindividual variability com-

ponents (g : s) were signi®cant for APTTbaseline and Emax

only, and these were highly correlated. This implies

that a subject with a high baseline APTT is prone to have

a higher degree of response to inogatran, compared to

a subject with a low baseline value. All mean and

variability parameter estimates are given in Table 4.

The combined linear and Emax model provided a good

®t to the patient data too, although the structural para-

meters differed somewhat from those obtained in the

healthy subjects. Interindividual variability parameters

(v:s) were similar for the two populations, but the residual
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Figure 1 Mean (ts.d. where applicable) APTT vs time curves. The doses are expressed for a 70 kg person when dosed per kg.

Table 3 Variability estimates for baseline APTT

Variability component

Standard

deviation

(s)

Standard

error

(s.e. s)

Signi®cance

level1

(P)

Intercentre 1.8 s 0.27 s <0.0005

Interstudy 1.3 s 0.34 s <0.005

Interindividual 3.6 s 0.16 s <0.0005

Interoccasion+residual 1.4 s 0.01 s N.A.

1 Based on increase in OFV when the variability component was ®xed

to zero.

Concentration (µmol l–1)
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Figure 2 Combined linear and Emax models (solid lines), ®tted

to pooled data from healthy volunteers (circles) and patients with

coronary arterial disease (triangles). Models without covariates.

Population modelling of inogatran effect on APTT
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variability (s) was higher for the patient data compared to

the data from healthy subjects. The forward inclusion of

covariates resulted in a full model in which APTTbaseline

was in¯uenced by age and the APTT method, the lower

reference value (Ref Low) being the most explanatory

covariate. Emax was also correlated to the Ref Low as well

as to the diagnosis. Age and diagnosis were, however, of

borderline statistical signi®cance (P=0.004 and P=0.010,

respectively) according to the backward retention criterion

and were therefore excluded from the ®nal model, see

Table 4.

Patients thus have lower baseline APTT and seem to

have less pronounced effect of inogatran than healthy

subjects when the reference range of the APTT method is

Table 4 Parameter estimates (s.e. estimate) and objective function values for the pharmacodynamic modela

Parameter Healthy volunteers Patients ± no covariates Patients ± full model Patients ± ®nal model

Structural model parameters (h : s)

APTTbaseline (h1) 35.1 (0.5) 29.5 (0.1) 29.2b (0.1) 29.2b (0.1)

RefLow on APTTbaseline (h5) ± ± 0.36b (0.06) 0.36b (0.06)

Age on APTTbaseline (h6) ± ± x0.039b (0.019) ±

SLOPE (h2) 8.0 (0.6) 5.8 (1.4) 5.6 (1.4) 5.8 (1.4)

Emax (h3) 36 (2) 31 (5) 32c (5) 31c (5)

RefLow on Emax (h7) ± ± 0.70c (0.23) 0.67c (0.22)

Diagnosis on Emax (h8) ± ± x2.8c (1.2) ±

EC50 (h4) 0.54 (0.06) 0.72 (0.12) 0.74 (0.11) 0.72 (0.12)

Interindividual variability parameters (v : s)

APTTbaseline (%) 10 (2) 12 (2) 11 (2) 11 (2)

Emax (%) 20 (4) 29 (8) 28 (8) 28 (8)

Correlation between APTTbaseline and Emax (r) 1.00 (17%)d 0.43 (39%)d 0.37 (49%)d 0.37 (49%)d

Interoccasion variability parameter (p)

APTTbaseline (%) 4.5 (1.1) N.A. N.A N.A.

Residual error parameter (s)

Coef®cient of variation (%) 5.0 (1.0) 8.9 (0.9) 8.8 (0.9) 8.8 (0.9)

Objective function value 3371 9298 9222 9237

a APTT=APTTbaseline+SLOPE C+Emax C/(EC50+C), where C is the concentration in mmol lx1 and APTT is in s.
b APTTbaseline=h1+h5 (Ref Low - 25)xh6(Age-66), where 25 is the median of the lower limit of the reference range for the APTT method and

66 is the median age.
c Emax=h3+h7 (RefLow - 25)+h8Diagnosis, where 0=Angina pectoris and 1=Non-Q-wave myocardial infarction.
d Relative s.e. of COV(APTTbaseline, Emax)
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Figure 3 Model predicted APTT (left panel) and APTT-ratio (right panel) vs inogatran plasma concentration in a typical patient and

healthy subject at varying lower limits of the reference range (Ref Low).
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not taken into account (Figure 2, Table 4). The in¯uence

of the lower reference value of the assay method is

illustrated in Figure 3 (left panel), where the model

predicted APTT values for patients have been calculated at

varying Ref Low values. When comparing the curves at

a Ref Low of 30 s, the value for the phase I centre,

a difference between patients and healthy volunteers is

still indicated. The method-corrected model parameters

were (mean (s.e. mean)): APTTbaseline 35 (0.5) and 31

(0.3) s, slope 8.0 (0.6) and 5.8 (1.4) s l mmolx1, Emax

36 (2.4) and 34 (5.1) s, and EC50 0.54 (0.06) and

0.72 (0.12) mmol lx1 for healthy subjects and patients,

respectively. By taking the ratio between APTT and

APTTbaseline the method-dependency is essentially elim-

inated in the expected therapeutic range and the difference

between patients and healthy subjects is considerably less,

see Figure 3 (right panel). For example, the concentration

that is needed to increase the APTT to twice the baseline

value in a typical patient is 1.55 mmol lx1 at a Ref Low

of 18 s and 1.45 mmol lx1 at a Ref Low of 30 s. In

comparison, the model predicts that the corresponding

concentration is 1.25 mmol lx1 at Ref Low 30 s in the

typical healthy subject.

Discussion

The relationship between the degree of anticoagulation,

APTT, the plasma concentration of the direct thrombin

inhibitor inogatran was investigated in a large number

of healthy volunteers and patients with coronary artery

disease. The pharmacodynamic response after admin-

istration of heparins and other thrombin inhibitors has

previously been described in the literature, mostly by

linear models between APTT (or APTT-ratio) and drug

levels (untransformed or after logarithmic transformations)

[7, 17, 31±34]. Polynomial [35], exponential [36] and

parabolic [37, 38] models have also been applied. We

found that the nonlinear APTT response after inogatran

was best described by a combined linear and Emax model,

allowing predictions in the concentration range from zero

(baseline APTT) to 9 mmol lx1. These ex vivo results are

similar to previously reported in vitro data, which followed

the same curvilinear shape with no maximum attained

when inogatran was added to human plasma [2].

The analysis of the observed baseline APTT demon-

strated that the variability between studies and study

centres were small, compared with the individual

variability, which justi®es pooling of data from different

studies and centres in the population pharmacodynamic

modelling. The reason for the signi®cant variability

between studies performed at the same study centre on

the same population (young healthy subjects) is not

evident, but could be due to batch-to-batch variations

not being fully compensated for. The variability between

centres can be explained by methodological differences

in the APTT method, as re¯ected by the diverse normal

reference ranges reported. Information from the reference

range was therefore included in the model of the

drug effect. Of the characteristics tested, the lower

reference value (Ref Low) was the most signi®cant

covariate, in¯uencing the pharmacodynamic parameters

APTTbaseline and Emax. Ref Upp and Ref Mid also had

some in¯uence on both parameters, while Ref Width

did not affect any of them. It might have been expected

that the RefWidth should re¯ect the sensitivity of

the reagent used and therefore in¯uence the degree

of response to inogatran. However, since the criteria for

de®ning the reference range varies between laboratories,

the Ref Width will be in¯uenced by several factors in

addition to the assay sensitivity, e.g. the number of normal

plasma samples and the variability between individuals

selected for assessment of the APTT reference range.

Nevertheless, this range contains some quantitative

information about the sensitivity of the method, which

can be accounted for by the lower reference value when

predicting the APTT response. As long as the APTT

method is not standardized, the normal reference range is

a convenient characteristic since it can easily be obtained

from accredited laboratories. Another means of com-

pensating for the methodological differences could be to

take the ratio between APTT and baseline APTT, where

the latter is either the patient's pretreatment value or an

average value from pooled normal plasma. This approach

is sometimes used in clinical practice when monitoring

heparin treatment. When modelling a pharmacodynamic

response, however, it is generally most appropriate to

include the baseline value as a parameter to be estimated in

the model [39], since the baseline measurement is af¯icted

with random error. This study shows that most of

the disparities in APTT-result obtained from different

laboratories, for a typical inogatran patient, were elim-

inated by taking the APTT-ratio (APTT/APTTbaseline).

Other studies have, however, shown that quite different

ratios are obtained with varying reagents for heparin and

hirudin [11, 13, 17, 40, 41]. More importantly, it has

to our knowledge not been shown whether the

APTT-ratio or the absolute APTT value is the clinically

most relevant marker for anticoagulation, i.e. whether

two patients with different absolute APTT, but the

same ratio (APTT/APTTbaseline), are at comparable anti-

coagulation, or if the patient with the higher absolute

APTT value is at higher risk, for example haemor-

rhage, everything else being equal. Which of the variables

absolute APTT, absolute increase, or relative increase

(APTT/APTTbaseline), is the best predictor for the clinical

outcome after thrombin inhibition remains to be shown.

Differences in baseline APTT and response to inogatran

between healthy volunteers and patients were observed.

Population modelling of inogatran effect on APTT
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A formal test of a true difference could, however, not be

performed due to imbalance in the dataset, where all

data from healthy volunteers originated from one centre,

whose reference interval was in the upper region. To be

able to discern the patient factor from the other variability

sources, by simultaneously ®tting a mixed effects model

to pooled healthy and patient data, ®ve levels of

random effects (study, centre, individual, occasion and

residual variability) would ideally have been required.

Such a model is not possible to implement within

NONMEM. The results from the subanalysis of data

from centres with matching reference values do, how-

ever, support the ®nding of different APTT values

between the two study populations. Furthermore, it

seems plausible that patients with acute thrombosis have

lower APTT values than healthy subjects, since they are in

a hypercoagulable state. Similar results have been reported

where patients with thrombosis responded with lower

APTT prolongation to heparin treatment, compared to

when the drug was added in vitro to plasma from healthy

subjects [14, 18, 42] and in a pure in vitro comparison

between spiked plasma from patients and normal subjects

the patient plasma was less sensitive to heparin [43].

Another contributing factor to the difference in APTT

between patients and healthy subjects, observed in our

study, could be that the patients were older, since a small

age effect on the baseline value was indicated in the patient

material (x2 s in the interval 32±81 years, P=0.004).

Gender, weight, smoking habits, hypertension, cardiac

failure or diabetes had no in¯uence on the baseline APTT

or APTT response after inogatran, and no relationships

between any of the pharmacodynamic parameters and

the clinical outcome were seen.

The population approach is commonly applied to data

collected from clinical trials in the late phases of drug

development, typically large multicentre studies. Method-

dependency can then be a complicating factor, which

could introduce bias in the parameter estimates and

create false covariate±parameter relationships, if over-

looked. Clinical pharmacological observations from differ-

ent sources using different methods can only be compared

if method±effect interaction can be excluded. In a recent

review of more than 200 clinical pharmacological

publications on blood pressure, the authors found that

the data were not reported with adequate methodological

speci®cation, although there are well-known method-

dependencies in that ®eld [44]. In the current study,

methodological differences were accounted for by

including a characteristic of the normal reference range

as a covariate in the model, affecting both the baseline

value and the degree of the response. This approach might

be used in other areas as well when a method-interaction

is present and data from several studies and/or study

centres are to be combined in a population model.

In conclusion, the nonlinear relationship between

APTT and inogatran concentration in plasma could be

well described by a combined linear and Emax model.

Pooling of data was made possible by incorporating

a centre-speci®c characteristic of the assay method in the

model. Patients had lower baseline APTT and appeared

to have less pronounced effect of inogatran on APTT

than healthy subjects. This difference could be due

to the higher age of the patients or to them being in

a hypercoagulable state.
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