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Essentials

• The EU-PACT trial was used to investigate age on the

interaction between coumarins and genotype.

• The results support the use of genotype-guided dosing

for phenprocoumon in patients < 75 years.

• For patients ≥ 75 years the phenprocoumon algorithm

should be revised and further tested.

• No influence of comorbidities and co-current drug use

was found that could explain the differences.

Summary. Background: Age seemed to affect the interac-

tion between coumarins and genotype in the aceno-

coumarol and phenprocoumon arm of the European

Pharmacogenetics of Anticoagulant Therapy (EU-PACT)

trial. Objectives: To investigate the effect of genotype-

guided dosing stratified by age and the potential factors

causing a difference. Patients/Methods: Data from the

acenocoumarol/phenprocoumon arm of the EU-PACT

trial were used. The percentages of time below the thera-

peutic range, time above the therapeutic range and time

in the therapeutic range (TTR) during the initial

12 weeks of therapy were compared between the

genotype-guided group and the control group among

younger (< 75 years) and older (≥ 75 years) patients by

the use of independent t-tests, and adjusted for sex,

height, weight and co-medications by the use of linear

regression. Results: Among younger phenprocoumon

users, TTR during the first 12 weeks in the genotype-

guided group (n = 55) was 9.5% (95% confidence inter-

val [CI] 1.3 to 17.8) higher than in the control group

(n = 63), with a remarkably lower percentage of time

above this range (difference: � 9.6%, 95% CI � 19.0 to

� 0.2) and a similar time below this range. Older

patients dosed by the genotype-guided algorithm

(n = 24) spent more time above the range (difference:

27.5%, 95% CI 12.9 to 42.0). For acenocoumarol users,

there were no significant differences between the geno-

type-guided and control groups for most outcomes,

except for a lower percentage of time below the range

among older patients. Conclusions: The genotype-guided

algorithm for phenprocoumon in the EU-PACT trial

benefitted younger patients more, but for older patients

the algorithm needs to be revised and tested in further

research.

Keywords: age groups; algorithms; coumarins;

cytochrome P450 2C9; pharmacogenetics; vitamin K

epoxide reductases.

Introduction

Aging is one of the common causes of interindividual

variation in the stable dose of coumarin derivatives [1,2].

With increasing age, the pharmacokinetics and pharmaco-

dynamics of coumarins change [3]. This results in the fact

that elderly patients, on average, require a lower dose

than younger patients to maintain the same
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anticoagulation effect [4]. In addition, elderly patients are

more likely to have comorbidities, and they therefore

receive a higher number of co-medications [5]. Both

comorbidities [6] and co-medications [7] can influence the

anticoagulation effect of coumarins, owing to drug–dis-
ease interactions or drug–drug interactions. Furthermore,

elderly patients usually have a high risk of bleeding even

without taking coumarins [8]. Therefore, it is important

to take into account the patient’s age when assessing the

effect of coumarin therapy.

Previously, three dosing algorithms to optimize cou-

marin dosing including genetic and clinical factors were

investigated in the European Pharmacogenetics of Anti-

coagulant Therapy (EU-PACT) trial and the Clarifica-

tion of Optimal Anticoagulation through Genetics

(COAG) trial [9–11]. Although these dosing algorithms

include age as a parameter, none of them stratified

patients by age in the primary outcomes report. The

mean age of patients in the EU-PACT trial was

~ 68 years in both the acenocoumarol/phenprocoumon

arm [9] and the warfarin arm [10]. In a reply to a com-

mentary, it was shown that, among patients aged

< 75 years, the group that used the genotype-guided

algorithm had a higher percentage of time in the thera-

peutic International Normalized Ratio (INR) range

(TTR) than the group dosed according to the non-geno-

type-guided algorithm during the 12 weeks after the ini-

tiation of therapy. In contrast, patients who were aged

≥ 75 years did not spend more time in range in the

genotyped arm [12]. Therefore, age seemed to affect the

interaction between coumarins and genotype.

After this intriguing finding, we wanted to present here

further analyses of the acenocoumarol/phenprocoumon

arm of the EU-PACT trial to assess the effect of geno-

type-guided dosing stratified by age. We also assessed the

influence of potential factors such as comorbidities and

concurrent drug use that may cause the differences in dif-

ferent age categories.

Methods

Patient selection and study design

Data from patients with at least 10 weeks of follow-up in

the acenocoumarol/phenprocoumon arm of the EU-

PACT trial [9] were used for the present study. In brief,

the EU-PACT trial was a single-blind, randomized trial

comparing a genotype-guided dosing algorithm [13] that

included clinical variables and genotyping for CYP2C9

and VKORC1 with a dosing algorithm that included only

clinical variables, for the initiation of acenocoumarol or

phenprocoumon treatment in patients with atrial fibrilla-

tion or venous thromboembolism [9]. Details of the study

design, outcome definitions, patients, and data collection,

and the main results of this trial, are described elsewhere

[9,13,14].

Outcome measures

The primary outcome in the present study was the per-

centage of time in the TTR (2.0–3.0) during the first

12 weeks of acenocoumarol or phenprocoumon treatment

in different age groups. Rosendaal’s method was used to

calculate the TTR [15]. Other outcomes that we assessed

were the percentage of time above and below the TTR,

and the maintenance dose per day in the first stable per-

iod after initiation of anticoagulation therapy as defined

in the EU-PACT trial [9].

Definition of patient groups

To determine the impact of age on the primary outcome

of genotype-guided dosing, the interaction between age

and treatment was examined beforehand (Figs S1 and

S2). There was a trend towards an age interaction for

phenprocoumon. Patients were then categorized into two

age groups: younger (< 75 years) and older (≥ 75 years).

In each age group, the outcomes were compared between

the genotype-guided group and the control group.

We also determined the outcome in three genotype

strata (no variant, one variant in either CYP2C9 or

VKORC1, and more than one variant). To evaluate the

impact of the first maintenance dose, the differences in

the maintenance dose calculated with the genotype-guided

algorithm and the clinical algorithm were compared.

Potential confounding factors

The baseline patient characteristics of sex, height, weight,

CYP2C9 genotype, VKORC1 genotype, comorbidity and

concomitant medication were compared between younger

and older patients. The comorbidities that we tested were

hypertension, heart failure, myocardial infarction, hyper-

lipidemia, and diabetes mellitus, which were the most

common and may have an impact on the anticoagulation

effect [7,16]. The suspected concomitant drugs were

defined as coumarin-potentiating drugs, including statins,

proton-pump inhibitors, antidepressants [17–20], antibi-

otics [21], non-steroidal anti-inflammatory drugs, lactulose

[22], aspirin, and enzyme inducers, which can reduce the

effect of anticoagulation. Detailed information on the

concomitant drugs used is shown in Table S1.

Statistical analysis

Only patients with at least 10 weeks of follow-up were

included in the analyses; however, per-protocol analyses

were also performed. The independent t-test and Pear-

son’s chi-square test were used to compare the baseline

characteristics. The primary and secondary outcomes

were compared by calculating mean differences with 95%

confidence intervals (CIs), by the use of independent-sam-

ples t-tests, and adjusted in a linear regression model for
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height, weight, sex, and the concomitant drugs used (only

enzyme inhibitors or inducers). The interaction of age

and treatment was assessed with ANCOVA. Genotype pro-

portions were tested for deviations from Hardy–Weinberg

equilibrium with a chi-square test. For all calculations, a

P-value of < 0.05 was considered to be statistically signifi-

cant. All analyses were performed with IBM SPSS STATIS-

TICS version 20.0 (IBM Corp., Armonk, NY, USA).

Results

Patients

The present study included a total of 484 patients (325

patients treated with acenocoumarol, and 159 patients

treated with phenprocoumon) from the acenocoumarol/

phenprocoumon arm of the EU-PACT trial [9], which

excluded 64 patients who did not have at least 10 weeks

of treatment. Of these, 160 acenocoumarol users were

assigned to the genotype-guided group and 165 to the

control group; 79 phenprocoumon users were included in

the genotype-guided group and 80 in the control group.

An additional number of patients were excluded from the

per-protocol analysis for the reasons outlined in Table S2.

Of these, 111 acenocoumarol users were assigned to the

genotype-guided group and 126 to the control group; 49

phenprocoumon users were included in the genotype-

guided group and 58 in the control group.

Most of the baseline characteristics of patients were

similar between the genotype-guided group and the con-

trol group in both age groups and for both aceno-

coumarol users and phenprocoumon users (Table 1).

Only among younger phenprocoumon-treated patients

was a statistically significant difference shown for weight,

which was 92 kg in the genotype-guided group and 85 kg

in the control group. The characteristics of aceno-

coumarol-treated patients stratified by country of resi-

dence (the Netherlands and Greece) are shown in

Table S3, and were similar between the genotype-guided

group and the control group in both age groups.

Comorbidities and concomitant medication

There were no statistically significant differences in com-

mon comorbidities between the genotype-guided group

and the control group per age group in phenprocoumon-

treated patients (Table 2).

The concomitant medications suspected to interact with

acenocoumarol or phenprocoumon are summarized in

Table 3. No statistically significant difference was shown

in the distribution of concomitant drug use between the

genotype-guided group and the control group in the

young or old age categories of acenocoumarol-treated

and phenprocoumon-treated patients. During the initial

therapy with phenprocoumon, for the younger age group,

33 patients (60.0%) in the genotype-guided group and 31

patients (49.2%) in the control group were taking at least

one potentiating drug during the anticoagulant treatment,

and for the older age group, these numbers were 10

(41.7%) and 10 (58.8%), respectively, in the two groups.

Among younger patients treated with acenocoumarol,

there were 70 patients (61.9%) concurrently using potenti-

ating drugs in the genotype-guided group, and 63

(61.2%) in the control group. Only one patient used

enzyme inducers, which might decrease the INR during

therapy with acenocoumarol.

We also compared the comorbidities and concomitant

drug use between the young and older patients (shown in

Tables S4 and S5). For phenprocoumon users, no statisti-

cally significant difference was found. For acenocoumarol

users, there were no statistically significant differences for

the comorbidities except for hypertension and heart fail-

ure, which were more prevalent in the elderly group than

in the younger group. The concomitant use of potentiat-

ing drugs, enzyme inhibitors or aspirin with aceno-

coumarol was also more prevalent in the older group

than in the younger group.

TTR during the initial 12 weeks

In all phenprocoumon-treated patients, the difference in

the TTR between the genotype-guided group and the con-

trol group was 2.5% [9]. However, the effect of genotype-

guided dosing for patients aged < 75 years and for patients

aged ≥ 75 years was different, as shown in Table 4. Among

patients aged < 75 years, the TTR during the first 12 weeks

was 64.1% in the genotype-guided group, and 55.7% in the

control group, with an adjusted difference of 9.5%

(95% CI 1.3 to 17.8). Younger patients treated with phen-

procoumon also spent 9.6% less time (17.6% versus

27.1%, 95% CI � 19.0 to � 0.2) with an INR above 3.

There was no difference in the percentage of time with an

INR below 2. In contrast, among patients aged ≥ 75 years,

genotype-guided dosing resulted in a lower TTR (adjusted

difference of � 17.9%, 95% CI � 31.8 to � 3.9) and a

higher percentage of time with an INR above 3 (adjusted

difference of 27.5%, 95% CI 12.9 to 42.0) than in the con-

trol group. The older patients with genotype-guided dosing

also spent 9.7% less time with an INR below 2 than those

in the control group; however, this difference was not sta-

tistically significant. A per-protocol analysis yielded similar

results (shown in Table S6), although the difference in the

TTR between the genotype-guided group and the control

group was not statistically significant.

For acenocoumarol, among younger patients, the geno-

type-guided group got a TTR of 64.5%, which was a lit-

tle higher (adjusted difference of 3.6%, 95% CI � 2.9 to

10.1) than that in the control group (61.3%), whereas the

opposite was found among older patients (adjusted differ-

ence of � 4.2%, 95% CI � 13.3 to 4.9), as shown in

Table 4. However, none of these differences was statisti-

cally significant. The older patients in the genotype-
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guided group had a higher percentage of time with an

INR below 2 than those in the control group (adjusted

difference of 9.9%, 95% CI 1.0 to 18.8). There was no

statistically significant difference in the percentage of time

with an INR below 2 among younger patients treated

with acenocoumarol. Regarding the percentage of time

with an INR above 3, the genotype-guided group and the

control group did not differ significantly for either the

younger or the older patients. A per-protocol analysis

showed similar results (Table S6).

Effect of algorithms stratified by genotype variants

As shown in Table 5, among younger patients treated

with phenprocoumon, the effect of genotype-guided dos-

ing as compared with the control group was most

remarkable (14.0% difference in TTR, P = 0.04) if there

were two or more variants of CPY2C9 or VKORC1.

There were no statistically significant differences between

the two groups in patients with only one variant of either

CPY2C9 or VKORC1. In patients without variation in

either CPY2C9 or VKORC1, genotype-guided dosing

gave a 9.4% improvement in the TTR as compared with

the control group; however, the difference was not statis-

tically significant. Older patients without variation in

CPY2C9 and VKORC1 dosed according to the genotype-

guided algorithm achieved a similar TTR as the patients

dosed according to the clinical algorithm used in the con-

trol group. However, the percentage of time above the

range in the genotype-guided algorithm group was higher

than in the control group. None of the differences was

statistically significant. For the older patients with only

one variant of either CYP2C9 or VKORC1, genotype-

guided dosing led to a lower TTR and less time below an

INR of 2, whereas 21.3% spent more time above the

TTR (P = 0.04).

For acenocoumarol, both in younger and in older

patients without variation or with one variant of either

CPY2C9 or VKORC1, genotype-guided dosing led to a

higher TTR; however, the difference was not statistically

significant. In contrast, among patients with two or more

variants of either CPY2C9 or VKORC1, genotype-guided

dosing resulted in a higher TTR in younger patients but a

lower TTR in older patients, also without a statistically

significant difference. These data are shown in Table S7.

The initial predicted maintenance dose stratified by

genotype variants is shown in Table 6. The dose calculated

according to the genotype-guided algorithm was compared

with the dose calculated according to the clinical algo-

rithm. Generally, with use of the genotype-guided algo-

rithm, both younger and older patients would be

prescribed a higher dose if they had no variants, a similar

dose if they had one variant allele, and a lower dose if they

had more than one variant allele, as compared with the

dose calculated according to the clinical algorithm, either

for phenprocoumon users or for acenocoumarol users. T
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Discussion

The present study shows that there is an interaction

between age and genotype-guided dosing for phenpro-

coumon during the initial period of use. An age cut-off

point of 75 years was chosen to stratify patients into a

younger age group and an older age group. For younger

patients, genotype-guided dosing increased the TTR by

9.3% and reduced the time above the TTR by 9.5%.

However, for patients who were aged ≥ 75 years, geno-

type-guided dosing did not show an improvement as com-

pared with patients who were treated according to a

clinical algorithm (including the same factors as the

genetic algorithm, except for the genetic variants). For

acenocoumarol users, the point estimates of the effect

were in the same direction. However, there were no statis-

tically significant differences between the age groups.

Previously, the EU-PACT trial [9] reported that geno-

type-guided dosing of acenocoumarol or phenprocoumon

did not statistically significantly improve the TTR during

the 12 weeks after the initiation of therapy. However, this

outcome was the mean value based on subjects of all

ages. When patients were stratified by age groups, in the

younger age group genotype-guided dosing resulted in a

higher TTR (difference of 5.1%, P = 0.05) than dosing

according to the clinical algorithm [12]. However, that

was a combined result for acenocoumarol and phenpro-

coumon. In the present study, by stratifying the patients

by age, we provided evidence that, among patients aged

< 75 years, genotype-guided dosing for phenprocoumon

could lead to a statistically significant improvement in the

TTR. However, patients aged ≥ 75 years did not benefit

from the current pharmacogenetic algorithm for phenpro-

coumon [23]. The pharmacogenetic algorithm may be

considered to perform worse than the clinical algorithm

in this age group, because the percentage of time spent

above the target range was higher than in the clinical

algorithm group, which may cause harm to these patients.

However, we should also consider the limitation of the

dosing algorithm. Age might not be correctly captured.

Previously, it has been shown that the clinical algorithm

for phenprocoumon has a tendency to result in underdos-

ing relative to the genotype-guided algorithm [13]. Our

present study also shows that, in patients without variant

alleles of CYP2C9 and VKORC1, the dose predicted by

the clinical algorithm would be significantly lower than

that predicted by the genotype-guided algorithm in both

the younger group and the older group. Elderly patients

in the ≥ 75-year group are likely to require an age-related

lower dose of anticoagulant, so the lower percentage of

time above the TTR in the control group of phenpro-

coumon users might be partly explained by the lower

dose predictions of the clinical algorithm than of the

genotype-guided algorithm. Therefore, the increased time

above the TTR might not represent an interaction with

genotype, but an insufficient age-related dose correction

in the genotype-guided algorithm.

Our data were obtained from a randomized control

trial, so the baseline characteristics were similar between

the genotype algorithm-guided and the clinical algorithm-

guided groups. After stratification by age, most of the

baseline characteristics of the trial population were still

balanced between the genotype-guided group and the

control group, except for the mean weight among

Table 6 The mean difference between the doses calculated for phenprocoumon users with the genotype-guided algorithm and the clinical

algorithm

Stratified by

genotype

Genotype-guided group Control group

N

Dose calculated

with the

genotype-guided

algorithm,

mean � SD

Dose calculated

with the clinical

algorithm,

mean � SD Difference P-value N

Dose calculated

with the clinical

algorithm,

mean � SD

Dose

calculated

with the

genotype-

guided

algorithm,

mean � SD Difference P-value

Age < 75 years

Pooled 55 2.2 � 0.6 2.3 � 0.3 � 0.20 0.05 62 2.2 � 0.3 2.2 � 0.6 0.0 0.79

No variation 12 3.0 � 0.3 2.4 � 0.4 0.60 0.00 18 2.2 � 0.2 2.9 � 0.3 � 0.7 0.00

One variant 21 2.2 � 0.2 2.2 � 0.2 0.00 0.40 18 2.2 � 0.3 2.3 � 0.2 � 0.1 0.11

Two or more

variants

22 1.6 � 0.4 2.3 � 0.3 � 0.70 0.00 26 2.2 � 0.4 1.6 � 0.4 0.6 0.00

Age ≥ 75 years

Pooled 24 1.8 � 0.5 1.8 � 0.2 0.00 0.96 17 1.7 � 0.2 1.9 � 0.4 � 0.2 0.10

No variation 5 2.4 � 0.2 1.8 � 0.2 0.60 0.00 5 1.7 � 0.3 2.2 � 0.3 � 0.6 0.00

One variant 12 1.9 � 0.3 1.9 � 0.3 0.00 0.65 11 1.8 � 0.2 1.8 � 0.2 0 0.35

Two or more

variants

7 1.3 � 0.4 1.7 � 0.1 � 0.40 0.02

SD, standard deviation.
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younger phenprocoumon-treated patients. However, it is

unlikely that the younger patients dosed according to the

genotype-guided algorithm got a higher TTR was because

of their higher mean weight.

We tested whether there was a difference in existing

comorbidities that might influence the dose response for

coumarins [7]. However, they were equally distributed

between the genotype-guided group and the control

group. Furthermore, our outcomes were adjusted for the

co-medications; however, these did not differ between age

groups, and so also cannot not explain our findings.

One suggested explanation for our findings is related

to the different physical conditions and drug metabolism

between young and old populations [3]. Although cou-

marin doses were inversely related to age [1,2], the rate

of decline of dose requirement was not necessarily simi-

lar between the young and old groups. For instance,

among younger patients, the dose requirement decreased

strongly with increase in age, whereas, among elderly

patients, the decrease in dose requirement with age was

less pronounced [1]. Previously, another study reported a

pharmacogenetic-based dosing algorithm that failed to

identify older patients who needed a lower daily dose

(with two variants of VKORC1) of warfarin [23]. In the

present study, we compared the first prescribed mainte-

nance dose and the TTR in three genetically defined

strata. The outcome in patients aged < 75 years was in

accordance with the predicted first prescribed dose in

patients without, with one and with two or more

CYP2C9 and VKORC1 variants. However, the dose

response was not necessarily as expected among patients

aged ≥ 75 years. For instance, doses predicted by the

genotype-guided algorithm and the clinical dosing algo-

rithm were similar for the older patients with only one

variant of either CYP2C9 or VKORC1; however,

patients in the genotype-guided group had a higher per-

centage of time above the TTR. Without stratification

by age, the genotype-guided algorithm was not able to

accurately predict dosage for either younger or older

patients.

Another possible limitation of the dosing algorithm

could be that we only included CYP2C9 and VKORC1

genotypes that are common in Caucasian populations.

Besides the genetic variants and clinical factors used in

the present algorithm, there might be some undetected

variants that accounted for the differences in the effect

of pharmacogenetic dosing in older patients. For

instance, if patients have variants other than CYP2C9*2

and CYP2C9*3 that can reduce enzyme activity, they

will be misclassified as having the CYP2C9*1/*1 geno-

type. For those patients, the dose predicted by the algo-

rithm will be inaccurate and higher than the actual

required dose. This could partly explain why, in the pre-

sent study, the doses in the patients with no variants are

not accurately predicted by the genotype-guided algo-

rithm. However, it is important to note that these

variants are only expected to be present in a small per-

centage of the patients. It would be important to con-

sider the inclusion of rare genetic variants as well as

making a better age adjustment for older patients when

applying the dosing algorithm.

In the present study, unlike in patients treated with

phenprocoumon, the TTRs of the patients treated with

the genotype-guided dose for acenocoumarol were not

statistically significant different from those of the patients

who received the clinical algorithm dose, among either

the younger patients or the older patients. A possible

explanation for this finding is that the half-life of aceno-

coumarol [24] is considerably shorter than the half-life

of phenprocoumon [25]. Therefore, we used a different

dose adjustment strategy after the loading period in

the EU-PACT trial [9]. This might account for the

different stratified outcomes between acenocoumarol and

phenprocoumon.

Several limitations of our study should be considered.

First, this study is a subgroup analysis of a prospective

randomized trial, leading to small sample sizes in different

strata, especially in the older subset of the phenpro-

coumon patients. This reduced the power and caused a

large CI. Second, the stratified analysis was not part of

the original study design of the EU-PACT trial, so this

post hoc analysis with multiple testing might cause chance

findings. It is important to conduct further studies to test

a separate dose algorithm for older patients. Third, our

study used the TTR and the percentage of time spent

below and above the TTR as outcomes, which are surro-

gate outcomes for evaluating the quality of anticoagula-

tion, whereas clinical events are more important in

clinical practice.

In conclusion, we found, in the EU-PACT trial, that

VKORC1 and CYP2C9 genotype together with clinical

factors could improve the accuracy in predicting the ini-

tial dose of phenprocoumon in patients aged < 75 years

during the initial 12 weeks of treatment. For patients

aged ≥ 75 years, the algorithm should be revised and

tested in further research.
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