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thromboembolism (Hokusai VTE) trial, allowing for a compar-
ison of clinical outcomes by genotype. The Hokusai VTE trial
was a randomised, multinational, double-blind, non-inferiority
study to evaluate the safety and efficacy of edoxaban versus
warfarin (dosed to an international normalised ratio (INR) of
2.0 to 3.0) in patients with VTE initially treated with heparin.
The trial demonstrated that, following initial parenteral anti-
coagulant therapy, edoxaban was non-inferior to warfarin for
the treatment of VTE and the prevention of recurrent VTE and
was also associated with significantly fewer bleeding events in
patients with VTE."* The present analysis was designed to repli-
cate the ENGAGE AF-TIMI 48 findings and examine whether
the previous results could be extended to patients with VTE.

METHODS

Study design and patient population

A detailed description of the study design and patient population
of Hokusai VTE (ClinicalTrials.gov: NCT00986154) has been
previously published.'* Briefly, Hokusai VTE was a randomised,
double-blind trial comparing edoxaban with warfarin in patients
with acute, symptomatic VTE (DVT, PE or both). All patients
received open-label heparin treatment for at least 5 days. Patients
were randomised 1:1 to receive either edoxaban 60mg once
daily or warfarin. The edoxaban dose was halved to 30 mg once
daily in patients with a creatinine clearance of 30 to 50 mL/min,
a body weight of 60kg or less or who were receiving concurrent
treatment with the P-glycoprotein (inhibitors verapamil or quini-
dine. Warfarin was started concurrently with heparin and the
warfarin dose was adjusted to maintain an INR between 2.0 and
3.0. To maintain blinding, sham INR measures were provided to
patients randomised to edoxaban. The institutional review board
at each participating centre approved the protocol. All patients
provided written informed consent.

The Hokusai VTE trial enrolled 8292 patients from 439
centres worldwide. Eligible patients were =18 years of age with
diagnosed acute, symptomatic DVT that involved the popliteal,
femoral or iliac veins or with acute, symptomatic PE with or
without DVT. Patients were excluded from the study if they

Figure 1

presented contraindications to heparin or warfarin, had been
treated for more than 48hours with heparin at therapeutic
doses, had taken more than 1 dose of a VKA, had cancer for
which long-term treatment with low-molecular-weight heparin
was anticipated, had another indication for warfarin therapy,
had received treatment with aspirin (at more than 100 mg daily)
or dual antiplatelet therapy or had a creatinine clearance of less
than 30 mL/min.

Major bleeding was defined as overt bleeding that was asso-
ciated with a reduction in haemoglobin of 2g/dL or greater,
required a transfusion of two or more units of blood, occurred
at a critical site or contributed to death. Clinically relevant
non-major (CRNM) bleeding was defined as overt bleeding not
meeting the criteria for major bleeding but that required medical
intervention, unscheduled contact with a clinician, interruption
of study drug or discomfort or impairment of daily activities.
Total bleeding was the composite of major bleeding, CRNM
bleeding and nuisance bleeding (ie, all bleeding events not clas-
sified as major or CRNM). All bleeding events were adjudicated
by an independent, central, blinded committee.

Genotypes
Genotypes were determined for CYP2C9 *2 and CYP2C9 *3
(rs1799853 and rs1057910, respectively) and VKORC1 --1639
G A alleles (rs9923231) in accordance with Good Laboratory
Practice guidelines by ILS Genomics (Morrisville, North Caro-
lina, USA) with an analytically validated assay using Sequenom
(San Diego, California, USA) technology. PCR primers were
validated using a total of 165 independent samples of known
genotype representing African, Asian, Caucasian and Hispanic
populations. The genotyping assay was previously validated as
part of the ENGAGE AF-TIMI 48 pharmacogenetic analysis.'®
On the basis of the VKORC1 and CYP2C9 genotypes, patients
were divided into three warfarin sensitivity types (figure 1),
normal responders, sensitive responders and highly sensitive
responders, that correspond with the US Food and Drug Admin-
istration (FDA)’s categories for warfarin response included in
the warfarin label.” In addition, because the total number of

Distribution of genotypes and genotype bins. Bold border line demarcates the patient population included in the sensitive responders

group for the two-bin exploratory analysis. CYP2C9, cytochrome P450 2C9; VKORC1, vitamin K epoxide reductase.
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patients included in this analysis was substantially smaller than
in the ENGAGE AF-TIMI 48 pharmacogenetic analysis (3956
vs 14348)," exploratory analyses were also conducted using a
two-bin system in which sensitive and highly sensitive responders
were pooled together (ie, pooled sensitive responders) and
compared with normal responders to increase statistical power
(figure 1).

Statistical analysis and data presentation

All statistical analyses were conducted using SAS V.9.3 or
higher by Quintiles (Durham, North Carolina, USA) and Daiichi
Sankyo (Parsippany, New Jersey, USA). All patients who received
at least one dose of the study drug consented to be included in
the pharmacogenetic analysis and provided a pharmacogenetic
sample were included in the analysis. All statistical significant
conclusions are based on two-sided tests with a significance level
of 0.05.

The demographics and baseline clinical characteristics, as well
as time until discontinuation of heparin therapy, were compared
across genetically defined warfarin sensitivity groups using
Kruskal-Wallis tests. In warfarin-treated patients, final weekly
warfarin dose and time in therapeutic range (TTR; defined as
the percentage of days over the first 90 days and over the entire
duration of the study that patients spent within INR 2.0-3.0)
were also compared using Kruskal-Wallis tests. Global p values
are based on the Kruskal-Wallis tests. Multiple comparisons
were performed using Dwass-Steel-Critchlow-Fligner multiple
comparison analysis, which is based on pairwise two-sample
Wilcoxon comparisons; only comparisons in which the global
p value was significant are shown.

All on-treatment bleeding events occurring within 90 days of
treatment or over the entire duration of the study were included

Table 1 Demographics and baseline clinical characteristics across
genotype bins

Normal Sensitive Highly sensitive
responders responders responders
(n=2459) (n=1366) (n=131)
Age (year), 55.3+15.92 56.5+15.58 56.3+17.47
mean+SD
Male, n (%) 1486 (60.4) 802 (58.7) 70 (53.4)
Race, n (%)
Caucasian 2031 (82.6) 1122 (82.1) 108 (82.4)
Black 147 (6.0) 5 (0.4) 0
Asian 113 (4.6) 157 (11.5) 15 (11.5)
Native Hawaiian/ 0 1 (<0.1) 0
Pacific Islander
Other 164 (6.7) 77 (5.6) 7(5.3)
Weight (kg), 85.5+19.42 83.7£19.25 83.2+19.91
mean+SD
BMI (kg/m?), 28.8+5.95 28.3+5.45 28.5+6.40
mean+SD
Creatinine clearance 108.5+40.14 106.2+39.69 103.8+40.62
(mL/min), mean+SD
Edoxaban dose 295 (12.0) 207 (15.2) 17 (13.0)
adjusted at
randomisation, n
(%)*

*Edoxaban patients meeting the dose reduction criteria (ie, creatinine clearance
30-50 mL/min, body weight <60 kg or receiving select concomitant P-gp inhibitor)
had their edoxaban dose reduced to edoxaban 30 mg once daily.

All data are from baseline unless otherwise noted.

BMI, body mass index; P-gp, p-glycoprotein.

in the analysis. Cox proportional hazards models were used to
compare the bleeding outcomes (ie, total bleeding, major or
CRNM bleeding and major bleeding) associated with edoxaban
relative to warfarin stratified by genetically defined warfarin
sensitivity types. Covariates used in the hazards model included
presenting diagnosis (PE with or without DVT vs DVT only),
baseline risk factors (temporary risk vs other) and the need for
edoxaban dose adjustment. Kaplan-Meier methodology was used
to assess the time-to-bleeding event curves for patients treated
with warfarin during the first 90 days of treatment; p values are
based on the Cox proportional hazards model with genotype of
responder as covariate.

RESULTS

Genotyping

All of the 4013 samples collected were genotyped; all genotypes
were concordant across samples. There was a 100% call rate for
VKORC1 and CYP2C9 genotypes. The CYP2C9 and VKORC1
polymorphisms were in Hardy-Weinberg equilibrium for all
three race groups examined (ie, Caucasians, African Americans
and East Asians), and the observed allele frequencies within each
race group were consistent with previously published findings
(online supplementary table 1)."!

Out of the 8292 patients in Hokusai VTE, 3956 (47.7%)
participants (1978 from each treatment group) received =1dose
of the study drug, consented to be included in the pharmaco-
genetic analysis and provided a pharmacogenetic sample and
were therefore included in the present analysis. Among the 1978
patients randomised to the warfarin regimen, 63.0% (1247)
were normal responders, 34.1% (675) were sensitive responders
and 2.8% (56) were highly sensitive responders (online supple-
mentary figure 1).

Baseline demographics and clinical characteristics

In general, the baseline and clinical characteristics were similar
across the genotype categories. However, a larger proportion of
sensitive and highly sensitive responders were of Asian ancestry
relative to normal responders (table 1). This variation in warfarin
sensitivity by race is expected based on the known differences in
allele frequencies'' and is consistent with the ENGAGE AF-TIMI
48 pharmacogenetic subanalysis. ™

Duration of heparin dose, final warfarin dose, TTR and
bleeding risk with warfarin

In warfarin-treated patients, but not edoxaban-treated patients,
as genetically defined warfarin sensitivity increased, heparin
therapy was discontinued sooner (global p<0.001; p<0.0001vs
normal responders for both sensitive and highly sensitive
responders) and the final mean weekly warfarin doses decreased
(global p<0.001; p<0.0001vs normal responders for both
sensitive and highly sensitive responders) (figure 2A and B).
Over the first 90 days of treatment and over the entire study
duration, there were no differences observed in the propor-
tion of time warfarin-treated patients spent in normal INR
therapeutic range (global p=0.0593and 0.6313, respectively)
(figure 3A and B). However, as genetically defined warfarin
sensitivity increased, warfarin-treated patients tended to spend a
higher percentage of time with supratherapeutic INRs during the
first 90 days of treatment (global p<0.0001) and over the entire
study duration (global p=0.0004) (figure 3). Among the warfa-
rin-treated patients over the entire duration of the study, the
median percentages of time with an INR value >3 were
13.1% for normal responders, 15.2% for sensitive responders
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Figure 2 Box-and-whisker plots showing the median, IQR and
minimum and maximum values for the duration of initial heparin
treatment (A) and final weekly warfarin dose (B). Global p value is
based on the Kruskal-Wallis test. °P values are for pairwise comparisons
versus normal responders based on Dwass-Steel-Critchlow-Fligner
multiple comparison analysis; only comparisons in which the global

p value was significant are shown.

(p=0.0013 vs normal responders) and 16.8% for highly sensi-
tive responders (p=0.0639 vs normal responders). In addition,
among patients randomised to warfarin, sensitive and highly
sensitive responders experienced significantly more bleeding
events sooner than normal responders during the first 90 days of
treatment (HR: sensitive responder, 1.38 [95% CI 1.11 to 1.71],
p=0.004; highly sensitive responders, 1.79 [1.09 to 2.99];
p=0.03) (figure 4).

Bleeding analysis for edoxaban versus warfarin by genotype
categories

Over the first 90 days of treatment and over the entire dura-
tion of the study, there were no significant interactions observed
across genotype categories for the risk of total bleeds or major
and CRNM bleeds for edoxaban versus warfarin (online supple-
mentary figure 2A). Edoxaban-treated patients had a numerically
greater number of major bleeds relative to warfarin-treated indi-
viduals across genotype categories during the first 90 days and
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Figure 3  Box-and-whisker plots showing the median, IQR and
minimum and maximum values of the per cent time spent in therapeutic
range across genotype categories during the first 90 days (A) and over
the entire study duration (B). Global p value is based on the Kruskal-
Wallis test. ®P values are for pairwise comparisons versus normal
responders based on Dwass-Steel-Critchlow-Fligner multiple comparison
analysis; only comparisons in which the global p value was significant
are shown. INR, international normalised ratio.

particularly during the first 28 days of treatment (online supple-
mentary table 2, supplementary figure 3). However, because the
size of the warfarin-sensitive and highly sensitive cohorts was
small, there were too few major bleeds within these cohorts to
reliably establish estimates of the major bleeding rate.

In an exploratory analysis using a two-bin system in which
sensitive and highly sensitive responders were pooled (ie, pooled
sensitive responders) and compared with normal responders,
a statistically higher proportion of pooled sensitive warfarin
responders experienced any bleeding events compared with
normal warfarin responders during the first 90 days of treatment
(HR 1.41 [95% CI 1.14 to 1.74]; p=0.0013) (online supple-
mentary figure 4). In addition, warfarin was associated a signifi-
cantly higher risk of total bleeds relative to edoxaban in the
first 90 days as a function of warfarin sensitivity (p, =0.0377;
online supplementary figure 2B).

DISCUSSION
The present pharmacogenetic subanalysis of the Hokusai VTE
trial was designed to confirm and extend the results of the
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days of treatment.

previously reported ENGAGE AF-TIMI 48 pharmacogenetic
analysis in a distinct population of patients with VTE requiring
a similar treatment."® Following an approach consistent with the
previously reported ENGAGE AF-TIMI 48 pharmacogenetics
subanalysis, the results of this new set of analyses confirmed
that genetic polymorphisms in CYP2C9 and VKORCT1 affect the
pharmacology and the safety of warfarin. Specifically, as genet-
ically defined warfarin sensitivity increased, heparin therapy
was discontinued earlier and the final weekly warfarin dose
decreased.” The proportion of time spent in a supratherapeutic
INR also tended to be elevated in sensitive and highly sensi-
tive warfarin responders relative to normal responders. In the
Hokusai VTE trial, the overall time spent in therapeutic range
was 63.5%,"* which is higher than what is typically reported in
registries of clinical practice but is similar to what was reported
in the ENGAGE AF-TIMI 48 study.’®"® It is therefore possible
that the effect of genetic variants may be more pronounced
outside of the clinical trial environment and that the rigour
required in registrational clinical trials leads to a mitigation of
the risks associated with the polymorphism through the increase
in laboratory monitoring.

During the first 90 days of warfarin treatment, the risk of any
bleeding event was significantly increased by approximately 1.8
times in the highly sensitive responders and 1.4 times in the sensi-
tive responders relative to normal responders (p<0.05 for both).
However, unlike the pharmacogenetic analysis of the ENGAGE
AF-TIMI 48 study,” only a trend was observed towards a
higher bleeding risk with warfarin versus edoxaban in sensitive
and highly sensitive responders relative to normal responders
(p,,,=0.0747). In addition, warfarin-associated major bleeding

during the first 90 days was lower than what was observed in
the pharmacogenetics subanalysis of ENGAGE AF-TIMI 48.%
The lack of a significant interaction between the bleeding risk
associated with warfarin versus edoxaban as a function of
warfarin sensitivity may be due to the lower number of patients
included in this analysis compared with the ENGAGE AF-TIMI
48 pharmacogenetic analysis.®> Although the FDA recommends
dose adjustments for warfarin in patients with warfarin-sensitive
genotypes,” in clinical practice, CYP2C9 and VKORC1 geno-
types are not routinely assessed, and it has never been demon-
strated that genotyping can reduce the risk of bleeding. The
present results and the results of the previous ENGAGE AF-TIMI
48 pharmacogenetic analysis suggest that further investigations
are needed into the potentially beneficial effects of genotyping
prior to prescribing anticoagulation therapy in patients with AF
or VTE." Genotype-informed dosing may be especially benefi-
cial in those patients who are initiating therapy, as an individual’s
genetic sensitivity could interact with existing clinical factors to
exacerbate overall bleeding risk."

This pharamcogenetic subanalysis of Hokusai VTE has a
number of limitations which could constrain the generalis-
ability of the results. Hokusai VTE did not stratify patients by
warfarin sensitivity genotypes prior to randomisation. There
were not enough major bleeding events to determine the inter-
action between treatment regimen and warfarin sensitivity. In
addition, the study was underpowered for the three-bin anal-
ysis and the results of the exploratory two-bin analysis should
only be considered hypothesis generating. There was also a low
number of black patients included in this subanalysis, and there-
fore additional analyses will be needed to confirm the results in
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different racial groups. It should also be noted that genotyping
was not used in guiding the starting dose of warfarin and that the
high TTR observed in this study is not what is typically seen in
clinics.'® ' Finally, the results of this subanalysis could differ in
other disease states besides VTE.

CONCLUSION

The results of this analysis extend the results of the previous
ENGAGE AF-TIMI 48 pharmacogenetic analysis to demonstrate
that patients with VTE who have a sensitive or highly sensi-
tive warfarin genotype spend more time overanticoagulated,
require a lower warfarin dose and have higher bleeding rates
with warfarin therapy. In addition, this subanalysis suggests that
compared with normal warfarin responders sensitive warfarin
responders may have a higher risk of bleeding on warfarin rela-
tive to edoxaban.
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Key messages

What is already known on this subject?

In a recent subanalysis of the Effective Anticoagulation with
Factor Xa Next Generation in Atrial Fibrillation—Thrombolysis
in Myocardial Infarction 48, a study comparing edoxaban with
warfarin for the prevention of stroke and systemic embolic
events in patients with atrial fibrillation, patients randomised
to receive warfarin and classified as sensitive or highly
sensitive warfarin responders—based on CYP2C9 and VKORC1
genotypes—experienced more warfarin-associated bleeding
and spent more time overanticoagulated relative to normal
responders.

What might this study add?

The present pharmacogenetic subanalysis of the Hokusai-
venous thromboembolism (Hokusai VTE) trial, a trial evaluating
edoxaban versus warfarin in patients with VTE initially treated
with heparin, demonstrates that patients with VTE who have a
sensitive or highly sensitive warfarin genotype spend more time
overanticoagulated (p<0.001), require a lower warfarin dose
(p<0.001) and have higher bleeding rates with warfarin therapy
(sensitive responders HR 1.38 [95% CI 1.11 to 1.71], p=0.0035;
highly sensitive responders 1.79 [1.09 to 2.99]; p=0.0252).

How might this impact on clinical practice?

The results presented here may influence the practical
management of warfarin therapy for the treatment of VTE in
patients who are sensitive or highly sensitive responders to
warfarin.

Acknowledgements Medical writing and editorial support was provided by Stefan
Kolata, PhD, of AlphaBioCom, LLC (King of Prussia, Pennsylvania, USA) and funded
by Daiichi Sankyo (Parsippany, New Jersey, USA).

Contributors AV, JW, KSB, GZ, ML, MAG and MFM made substantial contributions
to the conception or design of the work and analysis or interpretation of data,

drafted or critically revised the manuscript, and had final approval of the version to
be published.

Funding The study was funded by Daiichi Sankyo, Inc (Parsippany, New Jersey,
USA).

Competing interests AV, GZ, ML, MAG and MFM are employees of Daiichi
Sankyo, Inc. JW and KSB were employees at Daiichi Sankyo, Inc at the time the study
was conducted.

Patient consent This manuscript does not contain identifiable medical
information.

Ethics approval The institutional review board at each participating centre
approved the protocol.

Provenance and peer review Not commissioned; externally peer reviewed.

Open Access This is an Open Access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work
is properly cited and the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

© Article author(s) (or their employer(s) unless otherwise stated in the text of the
article) 2017. All rights reserved. No commercial use is permitted unless otherwise
expressly granted.

REFERENCES

1 Goldhaber SZ. Venous thromboembolism: epidemiology and magnitude of the
problem. Best Pract Res Clin Haematol 2012;25:235-42.

2 Kearon C, Kahn SR, Agnelli G, et al. American College of Chest Physicians.
Antithrombotic therapy for venous thromboembolic disease: American College of
Chest Physicians Evidence-Based Clinical Practice Guidelines (8th Edition). Chest
2008;133:4545-545.

3 Hirsh J, Dalen J, Anderson DR, et al. Oral anticoagulants: mechanism of action, clinical
effectiveness, and optimal therapeutic range. Chest 2001;119:85-21S.

4 Wysowski DK, Nourjah P, Swartz L. Bleeding complications with warfarin use:

a prevalent adverse effect resulting in regulatory action. Arch Intern Med
2007;167:1414-9.

5 Adam SS, McDuffie JR, Ortel TL, et al. Comparative effectiveness of warfarin and
new oral anticoagulants for the management of atrial fibrillation and venous
thromboembolism: a systematic review. Ann Intern Med 2012;157:796-807.

6 Higashi MK, Veenstra DL, Kondo LM, et al. Association between CYP2C9 genetic
variants and anticoagulation-related outcomes during warfarin therapy. JAMA
2002;287:1690-8.

7 Loebstein R, Yonath H, Peleg D, et al. Interindividual variability in sensitivity to
warfarin—Nature or nurture? Clin Pharmacol Ther 2001;70:159-64.

8 Johnson JA, Gong L, Whirl-Carrillo M, et al. Clinical pharmacogenetics implementation
consortium guidelines for CYP2C9 and VKORC1 genotypes and warfarin dosing. Clin
Pharmacol Ther 2011;90:625-9.

9 D'Andrea G, D'’Ambrosio RL, Di Perna P, et al. A polymorphism in the VKORC1 gene
is associated with an interindividual variability in the dose-anticoagulant effect of
warfarin. Blood 2005;105:645-9.

10 Meckley LM, Wittkowsky AK, Rieder MJ, et al. An analysis of the relative effects of
VKORC1 and CYP2C9 variants on anticoagulation related outcomes in warfarin-
treated patients. Thromb Haemost 2008;100:229-39.

11 Limdi NA, Veenstra DL. Warfarin pharmacogenetics. Pharmacotherapy
2008;28:1084-97.

12 Rieder MJ, Reiner AP, Gage BF, et al. Effect of VKORC1 haplotypes on transcriptional
regulation and warfarin dose. N £ngl J Med 2005;352:2285-93.

13 Mega JL, Walker JR, Ruff CT, et al. Genetics and the clinical response to warfarin and
edoxaban: findings from the randomised, double-blind ENGAGE AF-TIMI 48 trial.
Lancet 2015;385:2280-7.

14 Blller HR, Décousus H, Grosso MA, et al. Edoxaban versus warfarin for the treatment
of symptomatic venous thromboembolism. N Engl J/ Med 2013;369:1406—-15.

15 COUMADIN®. Warfarin sodium tablets, USP. Princeton, New Jersey: Bristol-Myers
Squibb Company, 2011.

16 Deitelzweig SB, Lin J, Kreilick C, et al. Warfarin therapy in patients with venous
thromboembolism: patterns of use and predictors of clinical outcomes. Adv Ther
2010;27:623-33.

17 Willey VJ, Bullano MF, Hauch O, et al. Management patterns and outcomes of patients
with venous thromboembolism in the usual community practice setting. Clin Ther
2004;26:1149-59.

18 Giugliano RP, Ruff CT, Braunwald E, et al. Edoxaban versus warfarin in patients with
atrial fibrillation. N Engl J Med 2013;369:2093-104.

Vandell AG, et al. Heart 2017;103:1800-1805. doi:10.1136/heartjnl-2016-310901

1805


http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1016/j.beha.2012.06.007
http://dx.doi.org/10.1378/chest.08-0658
http://dx.doi.org/10.1378/chest.119.1_suppl.8S
http://dx.doi.org/10.1001/archinte.167.13.1414
http://dx.doi.org/10.7326/0003-4819-157-10-201211200-00532
http://dx.doi.org/10.1001/jama.287.13.1690
http://dx.doi.org/10.1067/mcp.2001.117444
http://dx.doi.org/10.1038/clpt.2011.185
http://dx.doi.org/10.1038/clpt.2011.185
http://dx.doi.org/10.1182/blood-2004-06-2111
http://dx.doi.org/10.1592/phco.28.9.1084
http://dx.doi.org/10.1056/NEJMoa044503
http://dx.doi.org/10.1016/S0140-6736(14)61994-2
http://dx.doi.org/10.1056/NEJMoa1306638
http://dx.doi.org/10.1007/s12325-010-0056-z
http://dx.doi.org/10.1016/S0149-2918(04)90187-7
http://dx.doi.org/10.1056/NEJMoa1310907
http://heart.bmj.com/

