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CURRENT THERAPY FOR PA-
tients with acute venous
thromboembolism consists of
5 to 7 days of unfractionated

heparin or low-molecular-weight hep-
arin, overlapped with and followed by
long-term oral anticoagulation with a
vitamin K antagonist such as warfa-
rin. Heparins must be given parenter-
ally, and their administration requires
considerable health care resources.
Warfarin has an unpredictable dose re-
sponse, interacts with many drugs, and
can be affected by changes in diet; thus,
continued coagulation monitoring and
dose adjustment are necessary.1,2

Ximelagatran, an orally adminis-
tered direct thrombin inhibitor, is rap-
idly absorbed and quickly converted to
its active form, melagatran, which has
a bioavailability of approximately

20%.3,4 Melagatran is a reversible, active-
site inhibitor of both free and clot-
bound thrombin5 and has predictable
and reproducible pharmacokinetic andSee also pp 690, 699, and 736.
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Context Ximelagatran, an oral direct thrombin inhibitor with a rapid onset of action
and predictable antithrombotic effect, has the potential to be a simple therapeutic al-
ternative to current standard treatment of acute venous thromboembolism.

Objective To compare the efficacy and safety of ximelagatran with standard enoxa-
parin/warfarin treatment for the prevention of recurrent venous thromboembolism.

Design, Setting, and Patients Randomized, double-blind, noninferiority trial (Throm-
bin Inhibitor in Venous Thromboembolism [THRIVE] Treatment Study) of 2489 pa-
tients with acute deep vein thrombosis, of whom approximately one third had con-
comitant pulmonary embolism. The study was conducted at 279 centers in 28 countries
from September 2000 through December 2002.

Interventions Patients were randomized to receive 6 months of treatment with either
oral ximelagatran, 36 mg twice daily, or subcutaneous enoxaparin, 1 mg/kg twice daily,
for 5 to 20 days followed by warfarin adjusted to maintain an international normal-
ized ratio of 2.0 to 3.0.

Main Outcome Measures Recurrent venous thromboembolism, bleeding, and
mortality.

Results Venous thromboembolism recurred in 26 of the 1240 patients assigned to
receive ximelagatran (estimated cumulative risk, 2.1%) and in 24 of the 1249 pa-
tients assigned to receive enoxaparin/warfarin (2.0%). The absolute difference be-
tween ximelagatran and enoxaparin/warfarin was 0.2% (95% confidence interval [CI],
–1.0% to 1.3%). This met the prespecified criterion for noninferiority. Corresponding
values for major bleeding were 1.3% and 2.2% (difference, −1.0%; 95% CI, –2.1%
to 0.1%), and for mortality were 2.3% and 3.4% (difference, –1.1%; 95% CI, –2.4%
to 0.2%). Alanine aminotransferase levels increased to more than 3 times the upper
limit of normal in 119 patients (9.6%) and 25 patients (2.0%) receiving ximelagatran
and enoxaparin/warfarin, respectively. Increased enzyme levels were mainly asymp-
tomatic. Retrospective analysis of locally reported adverse events showed a higher rate
of serious coronary events with ximelagatran (10/1240 patients) compared with enoxa-
parin/warfarin (1/1249 patients).

Conclusions Oral ximelagatran administered in a fixed dose without coagulation
monitoring, was as effective as enoxaparin/warfarin for treatment of deep vein throm-
bosis with or without pulmonary embolism and showed similar, low rates of bleeding.
Increased levels of liver enzymes in 9.6% of ximelagatran-treated patients require regu-
lar monitoring; the mechanism requires further evaluation. Prospective assessment of
coronary events in future studies is warranted.
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pharmacodynamic properties3,4 unaf-
fected by obesity, ethnic origin, food,
and alcohol. Melagatran also has a low
binding affinity for plasma proteins6 and
a low potential for drug interactions.7

These factors support the use of fixed
dosing without the need for coagula-
tion monitoring and subsequent dose
adjustment.

In studies to date, ximelagatran has
been shown to be effective and well tol-
erated for the prevention of venous
thromboembolism after major elec-
tive hip or knee surgery,8,9 for the pre-
vention of stroke and systemic embo-
lism in patients with atrial fibrillation,10

and for the long-term secondary pre-
vention of venous thromboembo-
lism.11 In addition, ximelagatran
showed promise for the effective treat-
ment of acute deep vein thrombosis in
a phase 2 study.12 In long-term stud-
ies, ximelagatran has been consis-
tently associated with increased levels
of liver enzymes in some patients.10,11

We conducted a large international,
multicenter, double-blind, random-
ized trial (the Thrombin Inhibitor in Ve-
nous Thromboembolism [THRIVE]
Treatment Study) in patients with acute
deep vein thrombosis with or without
pulmonary embolism, to compare the
efficacy and safety of oral ximelaga-
tran with that of standard enoxaparin/
warfarin treatment.

METHODS
Study Design

The THRIVE Treatment Study was a
randomized, double-blind trial that be-
gan as 2 separate and almost identical
trials, each designed to demonstrate the
noninferiority of ximelagatran rela-
tive to enoxaparin/warfarin for the pre-
vention of recurrent venous thrombo-
embolism. Originally, 1 of the trials was
to have been conducted in North
America and the other in countries out-
side North America. However, due to
a low recruitment rate in North America
and a low overall blinded event rate in
countries outside North America, the
executive committees agreed to merge
the trials into a single large joint study
approximately 1 year after the initial

commencement to deliver conclusive
results in a timely manner. A single ex-
ecutive committee was then formed,
comprising all members of both com-
mittees, to supervise trial conduct. No
examination or unblinded analysis of
recurrence rates per treatment group
was performed at any time before
completion of the merged study.

The primary objective of the THRIVE
Treatment Study was to compare the
efficacy of ximelagatran (Exanta, Astra-
Zeneca) with that of enoxaparin/
warfarin for the prevention of recurrent
venous thromboembolism. Secondary
objectives were to compare safety, par-
ticularly with respect to bleeding, a com-
bined end point of recurrent venous
thromboembolism or major bleeding,
and all-cause mortality. The study groups
were ximelagatran in combination with
enoxaparin placebo/warfarin placebo or
enoxaparin/warfarin incombinationwith
ximelagatran placebo. Oral ximelaga-
tran, 36 mg, or placebo was given twice
daily without coagulation monitoring or
dose adjustment for 6 months. Enoxa-
parin, 1.0 mg/kg, or placebo was given
subcutaneously twice daily for at least 5
days (maximum, 20 days) and, concomi-
tantly, encapsulatedwarfarin (1.0mgand
2.5 mg) or placebo tablets were admin-
istered once daily and adjusted to main-
tain an international normalized ratio
(INR) between 2.0 and 3.0. Enoxaparin
or enoxaparin placebo was stopped af-
ter 2 consecutive INR measurements
reached the target range.

Blood samples were drawn per usual
clinical practice for INR measure-
ments to adjust warfarin (or warfarin
placebo) dose, either at local laborato-
ries or using a point-of-care device that
provided encrypted values. In either
case the results were sent to an inde-
pendent study monitor who provided
the attending physicians with the ac-
tual INR (enoxaparin/warfarin group)
or a sham INR (ximelagatran group) to
maintain blinding. The sham INR value
was computer-generated according to
an algorithm that took into account the
previous warfarin placebo doses, sex,
age, previous INR results, and phase of
therapy. The attending physician ad-

justed the doses of warfarin or pla-
cebo according to the reported results
(either real or sham).

Patients

Eligible patients were 18 years or older,
with acute, objectively confirmed deep
vein thrombosis, with or without pul-
monary embolism, for whom antico-
agulant therapy was planned for at least
6 months. The diagnosis of deep vein
thrombosis was based on a clear-cut
noncompressible proximal venous seg-
ment identified by venous ultrasonog-
raphy or a persistent intraluminal fill-
ing defect in the calf or proximal veins
identified by contrast venography.

The criteria for exclusion from the
study included the presence of 1 or more
of the following: symptoms of deep vein
thrombosis for longer than 2 weeks; con-
traindications to anticoagulants; weight
greater than 140 kg; clinically signifi-
cant bleeding disorder; stroke within
the previous 30 days; hemodynami-
cally unstable pulmonary embolism;
platelet count less than 90�103/µL; cal-
culated creatinine clearance less than
30 mL/min (0.501 mL/s); clinically sig-
nificant liver disease or levels of amino-
transferases persistently increased to
greater than twice the upper limit of nor-
mal; thoracic or central nervous sys-
tem surgery within the previous 2 weeks
or planned major surgery during the
study; expected survival of less than 6
months; or treatment with thrombo-
lytic agents within 14 days before ran-
domization. Women of childbearing
potential had to be using reliable con-
traception or have a negative preg-
nancy test. Therapeutic doses of unfrac-
tionated or low-molecular-weight
heparin were allowed for a maximum of
24 hours before randomization. Con-
comitant use of other anticoagulant or
fibrinolytic agents was not allowed. Ace-
tylsalicylic acid, nonsteroidal anti-
inflammatory drugs, and cyclooxygen-
ase-2 inhibitors were discouraged
but permitted at the lowest effective
dose. Other antiplatelet drugs were not
allowed.

Randomization occurred after objec-
tive confirmation of deep vein throm-
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bosis. Patients were randomized us-
ing an adaptive balancing algorithm that
accounted for those patients having
active malignancy within the past 2
years and for country (center in North
America). Randomization was under-
taken by phoning a central number to
obtain the treatment allocation for an
enrolled patient. Study medication was
centrally labeled and distributed to the
sites, where it was stored according to
local requirements. Baseline contralat-
eral compression ultrasonography and
ventilation-perfusion lung scanning
were performed within 72 hours of
study entry to facilitate adjudication in
cases of suspected recurrence. Based on
the clinical presentation and lung scan
results, the clinical centers assessed
whether each patient had concomi-
tant pulmonary embolism at presenta-
tion. Pulmonary embolism was con-
sidered probable if the lung scan
showed a high probability (segmental
or greater defect on perfusion with nor-
mal corresponding ventilation) or if pa-
tients had symptoms suggestive of pul-
monary embolism combined with an
abnormal perfusion scan, even if crite-
ria for high probability were not met.

Study visits were scheduled at 2, 4, 8,
12, 16, 21, and 26 weeks postrandom-
ization. At the 26-week visit, study treat-
ment was stopped and a follow-up visit
was scheduled after an additional 2
weeks. Completion of treatment was de-
fined as last visit while taking study drug
occurring after 24 weeks. Patients who
discontinued study medication prema-
turely were followed up for recurrent
venous thromboembolism and death
until 26 weeks, whereas data on bleed-
ing events were only collected on-
treatment, a period that included 48
hours after stopping study drugs. In ad-
dition, patients were asked to make an
emergency visit if they developed symp-
toms consistent with deep vein throm-
bosis, pulmonary embolism, or bleed-
ing. At each routine visit, the patient was
asked about symptoms of recurrent ve-
nous thromboembolism, and appropri-
ate diagnostic testing was performed if
there was a clinically suspected event.
Bleeding and other clinical events were

evaluated, concomitant medication was
noted, and tablets were counted to de-
termine adherence.

The study was performed in accor-
dance with the Declaration of Hel-
sinki and good clinical practice, ap-
proved by all local medical ethics
committees, and supervised by the Joint
Executive Committee. Written in-
formed consent was obtained from all
patients.

Outcome Measures

If a suspected recurrent thromboem-
bolic event occurred, diagnostic testing
was performed. Recurrent deep vein
thrombosis was diagnosed by ultraso-
nography if there was a new noncom-
pressible venous segment in the proxi-
mal veins, an increase of 4 mm or more
in thrombus diameter with compres-
sion, or an increase of between 1 and 4
mm in diameter combined with an
extension of at least 4 cm in length.
Whenvenographywasperformed,anew
persistent intraluminal defect or exten-
sion of a previous defect by 4 cm or more
was considered diagnostic of recur-
rence.Venographywas required forcon-
firmation of suspected distal (calf) deep
vein thrombosis. In patients with sus-
pected pulmonary embolism during fol-
low-up, recurrence was diagnosed if
repeat lung scanning showed a new seg-
mentalperfusiondefectwithnormalven-
tilation, if computed tomographyorpul-
monaryangiographyshowedapersistent
intraluminal filling defect, or if new per-
fusion lungscandefects,notmeeting the
criteria for a high probability of pulmo-
nary embolism, were seen together with
new objectively confirmed deep vein
thrombosis. All suspected recurrences
were adjudicated by an independent
central adjudication committee that
reviewed the diagnostic testing.

Major bleeding was defined as fatal
bleeding, bleeding in critical sites, or
overt bleeding with a reduction in he-
moglobin of at least 2 g/dL (20 g/L) or
leading to transfusion of 2 or more units
of blood or packed red cells. Minor
bleeding was defined as clinically sig-
nificant bleeding that did not meet the
criteria for major bleeding. All sus-

pected bleeding events were reported
and centrally adjudicated.

All deaths were adjudicated and clas-
sified as fatal pulmonary embolism, fa-
tal bleeding, or death from other causes.
Monthly liver function testing (levels
of alanine aminotransferase, aspartate
aminotransferase, alkaline phospha-
tase, and bilirubin) was performed. The
protocol was amended after approxi-
mately 1 year, requiring weekly test-
ing if any test result was greater than
twice the upper limit of normal; the pro-
tocol also required discontinuation of
study drug if the test results increased
to greater than 5 times the upper limit
of normal or if an increase to more than
3 times the upper limit of normal per-
sisted during 4 weeks. An indepen-
dent data and safety monitoring board
reviewed the outcome measures on a
regular basis to ensure patient safety
throughout the study. A stopping rule
for a negative trend with respect to ef-
ficacy of ximelagatran vs standard
therapy was to be applied, but no for-
mal interim analyses were performed.

Statistical Analysis

The primary analysis was based on time
to objectively confirmed recurrent
venous thromboembolism, using an
intention-to-treat principle. All data for
all randomizedpatients receivingat least
1 dose of study drug were included up
to 6 months or until premature with-
drawal from study assessments; all data
for such patients were included up to
the point of study withdrawal. The risk
of recurrence was also analyzed accord-
ing to an on-treatment approach, in
which all data in the intention-to-treat
population collected more than 48
hours after a patient permanently dis-
continued allocated treatment were
excluded. Patients without an event and
with their last visit within 168 to 196
days were considered event-free at day
182. The primary objective was to deter-
mine whether treatment with ximela-
gatran is noninferior to the enoxaparin/
warfarin regimen, using a predefined
margin for the acceptable difference.13

A priori, the noninferiority criterion was
as follows: the upper limit of a 2-sided
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95%confidence interval (CI)around the
absolute difference in cumulative risk
of recurrence between treatments at 6
months should be less than 4%. Based
on International Conference on Har-
monisation guidelines,14 the noninfe-
riority margin aimed to be less than the

largest clinically acceptable difference
against the comparator and to pre-
serve theeffectof thecomparatoragainst
a putative placebo comparison. Simi-
lar noninferiority margins (3%-5%)
have been used in other studies com-
paringdifferentheparin regimes inacute

venous thromboembolism.15-19 Kaplan-
Meier estimates of the cumulative risk
and the corresponding variance accord-
ing to the Greenwood formula were
used when calculating the CI and the
corresponding P values. For bleeding,
only on-treatment analyses were per-
formed since no data on bleeding were
collected beyond 2 days after discon-
tinuation of study medication. Other
outcomeswerecomparedusingboth the
intention-to-treat and on-treatment
approaches. A Cox regression model
was used to explore possible interac-
tions between treatment and various
baseline characteristics. The Fisher
exact test was used for comparison of
proportions. All reported P values are
2-sided; P�.05 was considered statis-
tically significant. Analyses were con-
ducted using SAS version 8.2 (SAS Insti-
tute Inc, Cary, NC) and Proc-StatXact
version 5 (Cytel Software Corp, Cam-
bridge, Mass).

For the North American study, which
began recruiting in September 2000, the
planned sample size was 1650, based
on an expected recurrence rate of 4%15-19

and a noninferiority margin of 4%, ac-
cepting a 2-sided type I error of 5% and
a type II error of less than 5%. For the
study outside North America, which be-
gan recruiting in October 2000, the
planned sample size was 1200, based
on the same expected recurrence rate
and noninferiority margin, accepting a
2-sided type I error of 5% and a type II
error of 10%. After consultation with
the study statistician, the Joint Execu-
tive Committee decided that a revised
sample size, sufficient to show at least
50 recurrent events (approximately
2500 patients) would be the target of
enrollment for the merged study.

RESULTS
Study Patients

Between September 2000 and May
2002, 2528 patients were randomized
at 279 centers in 28 countries. Thirty-
nine patients did not receive study drug
(18 in the ximelagatran arm, 21 in the
enoxaparin/warfarin arm) (FIGURE 1).
Of the remaining 2489 patients, 1240
received ximelagatran and 1249 re-

Figure 1. Flow of Patient Progress During the THRIVE Treatment Study

1258 Assigned to Receive
Ximelagatran
1240 Received Ximelagatran

as Assigned
18 Did Not Receive

Ximelagatran
7 Ineligible
8 Withdrew Consent
3 Other

1270 Assigned to Receive
Enoxaparin/Warfarin
1249 Received Enoxaparin/

Warfarin as Assigned
21 Did Not Receive

Enoxaparin/Warfarin
12 Ineligible
4 Withdrew Consent
5 Other

947 Completed Study Treatment 1018 Completed Study Treatment

293 Discontinued Study Drug
(Including Withdrawn Consent
and Lost to Follow-up)
14 Eligibility Criteria Not

Fulfilled

8 Death

33 Recurrent Venous
Thromboembolism∗

14 Major Bleeding
6 Other Bleeding

121 Other Adverse Event
97 Other

11 No Documented Deep
Vein Thrombosis

2 Met Exclusion Criteria
1 Not Specified

231 Discontinued Study Drug
(Including Withdrawn Consent
and Lost to Follow-up)
14 Eligibility Criteria Not

Fulfilled
5 No Documented Deep

Vein Thrombosis
9 Met Exclusion Criteria

10 Death
24 Major Bleeding
6 Other Bleeding

67 Other Adverse Event
79 Other

31 Recurrent Venous
Thromboembolism∗

1249 Included in Primary Analysis1240 Included in Primary Analysis

2528 Patients Randomized

*Locally confirmed.

Table 1. Baseline Characteristics of Study Patients

Characteristic/Medical History
Ximelagatran

(n = 1240)
Enoxaparin/Warfarin

(n = 1249)

Age, mean (range), y 56.7 (18-93) 57.1 (18-97)

Weight, mean (range), kg 81.5 (35-140) 80.9 (40-147)

Male sex, No. (%) 654 (53) 665 (53)

Calculated creatinine clearance, mean (range), mL/min* 105.3 (19-314) 104.5 (19-432)

Diagnosis at presentation, No. (%)†
Proximal deep vein thrombosis 660 (53) 681 (55)

Distal deep vein thrombosis only 107 (9) 108 (9)

Deep vein thrombosis and pulmonary embolism 461 (37) 455 (36)

Medical history, No. (%)
Previous venous thromboembolism 274 (22) 266 (21)

Malignancy 158 (13) 169 (14)

Coronary artery disease 125 (10) 131 (10)

Liver disorder 13 (1) 21 (2)
SI conversion factor: To convert creatinine clearance from mL/min to mL/s, multiply values by 0.0167.
*Creatinine clearance (mL/min) = b � (140 – age ) � weight/serum creatinine, where b = 1.23 (males) or 1.04

(females) and age is in years, weight in kilograms, and serum creatinine level in µmol/L.
†One patient (randomized to receive ximelagatran) presented with pulmonary embolism only.
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ceived enoxaparin/warfarin, represent-
ing the intention-to-treat population.
The 2 groups were similar with re-
spect to age, weight, sex, creatinine
clearance, and risk factors for venous
thromboembolism (TABLE 1). Pulmo-
nary embolism was considered by lo-
cal assessment to be present in 37% of
the ximelagatran-treated and 36% of the
enoxaparin/warfarin–treated patients.

Treatment and Follow-up

At least 24 weeks of study treatment was
completed (December 2002) by 76%
(947/1240) and 82% (1018/1249) of pa-
tients in the ximelagatran and enoxa-
parin/warfarin groups, resulting in an
average exposure of 154 and 158 days,
respectively (Figure 1). The average
proportion of time within the target INR
range of 2.0 to 3.0 after the initial 30
days was 75% of sham INRs in the
ximelagatran group, compared with
61% in the enoxaparin/warfarin group.
Adherence was estimated by the pro-
portion of ximelagatran/ximelagatran
placebo tablets taken (according to pill
count) in relation to days from first dose
to last dose. Ninety-three percent of
ximelagatran-treated patients took more
than 80% of the ximelagatran tablets
and 94% of the enoxaparin/warfarin–
treated patients took more than 80% of
the ximelagatran placebo tablets.

During the follow-up period, 11 pa-
tients in the ximelagatran group with-
drew consent, 10 were lost to follow-
up, and 4 terminated the study
follow-up for other reasons. In the
enoxaparin/warfarin group, 11 with-
drew consent, 14 were lost to follow-
up, and 2 terminated the study fol-
low-up for other reasons.

Recurrent Venous
Thromboembolism

The primary efficacy end point of re-
current venous thromboembolism (in-
tention-to-treat analysis) occurred in 26

and 24 patients in the ximelagatran and
enoxaparin/warfarin groups, respec-
tively, corresponding to estimated cu-
mulative risks of 2.1% and 2.0%
(TABLE 2 and FIGURE 2). The upper
limit of the 2-sided 95% CI for the dif-
ference between the groups was 1.3%,
establishing our prespecified noninfe-
riority criterion for ximelagatran com-
pared with enoxaparin/warfarin. The
on-treatment analysis showed 6-month
cumulative recurrence rates of 2.0% and
1.5% in the ximelagatran and enoxa-
parin/warfarin groups, respectively
(Table 2).

Table 2. Recurrent Venous Thromboembolism Events During 6 Months, by Treatment

Event

No. (%)*

Difference
(95% CI), %‡

Ximelagatran
(n = 1240)†

Enoxaparin/Warfarin
(n = 1249)†

Intention-to-treat
Total recurrent venous thromboembolism 26 (2.1)§ 24 (2.0)§ 0.2 (−1.0 to 1.3)

Deep vein thrombosis 15 17

Pulmonary embolism 11 7

On-treatment
Total recurrent venous thromboembolism 23 (2.0) � 17 (1.5) 0.5 (−0.6 to 1.6)

Deep vein thrombosis 14� 12

Pulmonary embolism 9 5
Abbreviation: CI, confidence interval.
*Number of patients in each group with a recurrence (estimated cumulative risk).
†Same number of patients for both types of analysis; censoring of data in the on-treatment analysis as described in Sta-

tistical Analysis section.
‡Observed difference and corresponding 95% CI for ximelagatran − enoxaparin/warfarin; predefined noninferiority margin

set at 4%.
§Numbers indicate centrally adjudicated events; locally confirmed venous thromboembolism events were reported in 43

and 42 patients in the ximelagatran and enoxaparin/warfarin groups, respectively.
�One patient in the ximelagatran group with a recurrence of deep vein thrombosis erroneously received only placebo treat-

ment.

Figure 2. Estimated Cumulative Risk of Recurrent Venous Thromboembolism and Major Bleeding
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A, Time to recurrent venous thromboembolism according to intention-to-treat analysis. Absolute difference between ximelagatran and enoxaparin/warfarin during
6 months of treatment was 0.2% (95% confidence interval, −1.0% to 1.3%). B, Time to major bleeding according to on-treatment analysis. Absolute difference
between ximelagatran and enoxaparin/warfarin during 6 months of treatment was −1.0% (95% confidence interval, −2.1% to 0.1%; P = .07).
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Bleeding and Mortality
The cumulative risk of major bleeding
(on-treatment analysis) at 6 months in
the ximelagatran-treated patients was
1.3% compared with 2.2% for those
rece iv ing enoxapar in /war far in
(TABLE 3 and Figure 2). Major or
minor bleeding was comparable in the
2 treatment groups. The locations of
major bleeding in the ximelagatran
group were gastrointestinal (5), uro-
genital (5), intraocular (2), nasal (1),
and subarachnoidal (1); in the
enoxaparin/warfarin group the loca-
tions were gastrointestinal (11), intra-
muscular (4), urogenital (3), intra-
articular (2), gynecological (2),
subdural (1), intracerebral (1), and
unspecified location (1).

All-cause mortality was not signifi-
cantly different between the 2 groups

(intention-to-treat and on-treatment
analyses) (Table 3).

Combined End Point of Recurrent
Venous Thromboembolism
or Major Bleeding

The time-to-event analysis suggested a
greater rate of early recurrence of
venous thromboembolism in the
ximelagatran group, but the maximum
difference of 0.7% at 30 days was not
statistically significant (95% CI, –0.1%
to 1.6%) (Figure 2). The same analysis
of major bleeding shows an apparent
increase in early events in the
enoxaparin/warfarin group, with a
nonsignificant difference of 0.6% at 30
days (95% CI, –1.3% to 0.1%)
(Figure 2). The resulting cumulative
risk for the combined end point of
recurrent venous thromboembolism

or major bleeding was similar over
time for both groups.

Adverse Events
The incidences of alanine aminotrans-
ferase levels that increased to greater
than 3 times the upper limit of normal
in the ximelagatran and enoxaparin/
warfarin groups were 9.6% (n=119)
and 2.0% (n=25), respectively. (In a
post hoc analysis including local labo-
ratory data collected outside protocol
specifications or posttreatment, 8 and
2 additional patients with alanine ami-
notransferase levels increased to greater
than 3 times the upper limit of normal
were identified in the ximelagatran and
enoxaparin/warfarin groups, for a total
of 127 patients [10.2%] and 27 pa-
tients [2.2%], respectively.) In the
ximelagatran-treated patients, peak el-
evations of alanine aminotransferase
levels were reached after a median of
84 days (second and third quartiles, 64-
116 days). Treatment was discontin-
ued in 76 patients and continued in 43
patients. Alanine aminotransferase val-
ues normalized during follow-up in 68
of the 76 patients discontinuing and in
36 of the 43 patients continuing ximela-
gatran, with a similar recovery pat-
tern. Normalization occurred after a
median of 74 days (second and third
quartiles, 45-114 days). Of the remain-
ing 15 patients, 1 died (see below), 1
had alcohol abuse as a probable expla-
nation of enzyme elevation, the re-
sults of 10 had returned to below twice
the upper limit of normal at the latest
observation, and 3 were lost to follow-
up. Of the 25 patients in the enoxaparin/
warfarin group, normalization during
follow-up was documented in 23 pa-
tients but not in the remaining 2. In the
ximelagatran group, there was 1 pa-
tient with fatal outcome of hepatitis B
not known at the time of inclusion
and 1 patient with suspected study
drug–induced hepatitis that resolved
after discontinuation of treatment. Most
of the elevations in enzyme levels oc-
curred without any associated clinical
symptoms.

In the ximelagatran group, 2 addi-
tional fatal outcomes occurred follow-

Table 3. Bleeding Events and Mortality During 6 Months, by Treatment

Event

No. (%)*

Difference
(95% CI), %†

P
Value

Ximelagatran
(n = 1240)

Enoxaparin/Warfarin
(n = 1249)

Major bleeding, on-treatment 14 (1.3) 26 (2.2) −1.0 (−2.1 to 0.1) .07

Major or minor bleeding,
on-treatment

68 (6.1) 88 (7.6) −1.4 (−3.5 to 0.6) .18

All-cause mortality
Intention-to-treat analysis 28 (2.3) 42 (3.4) −1.1 (−2.4 to 0.2) .09

Malignancy 12 20

Cardiovascular 5 2

Cerebrovascular 0 1

Fatal bleeding 1 4

Pulmonary embolism 2 1

Pneumonia/respiratory
disease

2 4

Septicemia 2 5

Hepatitis B 1 0

Hepatorenal syndrome 1 0

Miscellaneous 2 5

On-treatment analysis 7 (0.7) 10 (0.9) −0.2 (−1.0 to 0.5) .60

Malignancy 2 2

Cardiovascular 1 1

Cerebrovascular 0 1

Fatal bleeding 1‡ 2‡

Pulmonary embolism 1 0

Pneumonia/respiratory
disease

2 2

Septicemia 0 1

Suicide 0 1
Abbreviation: CI, confidence interval.
*Number of patients in each group with an event (estimated cumulative risk).
†Observed difference and corresponding 95% CI for ximelagatran − enoxaparin/warfarin.
‡Location of the fatal bleeding events (ximelagatran: subarachnoidal [1]; enoxaparin/warfarin: gastrointestinal [3], intrace-

rebral [1]).
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ing investigator-reported serious hepa-
tobiliary adverse events. One patient
had hepatorenal syndrome. The other
patient had cholecystitis, which re-
vealed cholecystic carcinoma at sur-
gery. In the enoxaparin/warfarin group,
2 patients died following hepatobili-
ary serious adverse events: 1 with hepa-
titis C not known at inclusion, the other
with pancreatic carcinoma. None of
these 4 cases had alanine aminotrans-
ferase levels increased to greater than
3 times the upper limit of normal.

Locally reported serious coronary
events, with symptomatic myocardial
ischemia warranting hospitalization,
were noted in 10 of 1240 ximelagatran-
treated patients compared with 1 of
1249 enoxaparin/warfarin–treated
patients (P=.006). Four of the 10 events
in the ximelagatran group were diag-
nosedasmyocardial infarctions (1 fatal),
compared with none in the enoxaparin/
warfarin group. One of the myocardial
infarctions in the ximelagatran group
occurred 6 weeks after discontinua-
tion of ximelagatran and switching of
study therapy to aspirin and open-
label warfarin, during investigation of
peripheral vascular disease.

COMMENT
This study, the largest to date of anti-
coagulant therapy in patients with acute
deep vein thrombosis, shows that dur-
ing 6 months of treatment, oral ximela-
gatran, 36 mg twice daily, adminis-
tered without coagulation monitoring
or dose adjustment, is as effective as
enoxaparin followed by warfarin, with
a similar bleeding risk.

The overall recurrence and major
bleeding rates over 6 months in our
study were somewhat lower than the
rates reported over 3 months of fol-
low-up for similar studies (4%-5%19-21

and 2%-3%, respectively19,21). It is pos-
sible that the complexity of the study in-
troduced a selection bias, leading to the
enrollment of patients with lower risks
of recurrent venous thromboembolism
and bleeding. However, except for a
somewhat lower proportion of patients
with cancer, a group that has higher re-
currence and bleeding rates,22,23 pa-

tient characteristics are consistent with
those seen in other studies,19 and more
than one fifth of patients had previous
venous thromboembolism and one third
had pulmonary embolism.

The choice of the prespecified non-
inferiority efficacy margin (4%) was
based on a higher expected primary
event rate than what was actually ob-
served. However, the upper limit of the
CI for the observed absolute differ-
ence in event rate was 1.3% at 6 months,
which is considered clinically accept-
able and consistent with noninferior-
ity of ximelagatran compared with stan-
dard treatment.

To ensure validity of results, pa-
tients and their physicians and nurses
were blinded as to study group, and an
independent adjudication committee
confirmed all outcomes. Strict adjudi-
cation criteria may have contributed to
the low recurrence rate. An increase in
the sample size to achieve narrower CIs
around the point estimates for recur-
rence and bleeding maintained inter-
nal validity. Treatment was given for at
least 6 months, consistent with com-
mon clinical practice.

The 6-month treatment with ximela-
gatran was generally well tolerated ex-
cept for the development of increased
levels of alanine aminotransferase in
about 10% of patients, leading to more
frequent discontinuation of study drug
in the ximelagatran group. Elevated lev-
els of alanine aminotransferase have
been observed in 6% to 13% of pa-
tients in previous studies of pro-
longed ximelagatran use.10,11,24 The
mechanism is under investigation but
currently is not known, and the clini-
cal importance of the elevation of liver
enzymes remains to be fully deter-
mined. Of 43 patients who experi-
enced alanine aminotransferase levels
increased to more than 3 times the up-
per limit of normal and who contin-
ued treatment with ximelagatran, 36
showed normalized levels during fol-
low-up. Normalization while continu-
ing therapy has also been reported in
other studies.10,11 It is not yet certain on
the basis of this study how frequently
liver enzyme levels need to be tested.

The retrospective observation that there
appeared to be significantly more acute
coronary events in ximelagatran-
treated patients is unexplained. This
will be explored in further studies, with
prospective evaluation and indepen-
dent adjudication of suspected events.

The results of this study were
achieved using a fixed oral dose of
ximelagatran, 36 mg twice daily. Dur-
ing the early treatment period there was
an apparent difference in recurrent ve-
nous thromboembolism favoring the
enoxaparin/warfarin group, and of ma-
jor bleeding favoring the ximelaga-
tran group; however, in a post hoc
analysis, neither of these differences was
statistically significant.

In conclusion, for the initial and
prolonged treatment of deep vein
thrombosis, direct thrombin inhibi-
tion with oral ximelagatran, 36 mg
twice daily, was as effective as enoxa-
parin/warfarin, without the need for co-
agulation monitoring or dose adjust-
ment. The mechanism and clinical
importance of the increased liver en-
zyme levels in ximelagatran-treated pa-
tients requires further evaluation. Pro-
spective assessment of coronary events
in future studies is warranted.

Author Affiliations: Department of Vascular Medi-
cine, Hôpital Européen Georges Pompidou, Paris,
France (Dr Fiessinger); Department of General Inter-
nal Medicine, Leiden University Medical Center, Leiden,
the Netherlands (Dr Huisman); Swedish Medical Cen-
ter and University of Washington School of Medi-
cine, Seattle (Dr Davidson); Department of Internal
Medicine, University Hospital of Geneva, Geneva, Swit-
zerland (Dr Bounameaux); Department of Medicine,
University of Rochester, Rochester, NY (Dr Francis);
Department of Medicine, Sahlgrenska University Hos-
pital/Östra, Göteborg, Sweden (Dr Eriksson); Astra-
Zeneca Research and Development Mölndal, Möln-
dal, Sweden (Dr Lundström, Mr Nyström, and Ms
Thorsén); Department of Clinical Development, Ast-
raZeneca LP, Wilmington, Del (Dr Berkowitz); and De-
partment of Medicine, McMaster University, Hamil-
ton, Ontario (Dr Ginsberg).
Author Contributions: Drs Fiessinger, Huisman, and
Ginsberg had full access to all of the data in the study
and take responsibility for the integrity of the data and
the accuracy of the data analyses.
Study concept and design: Fiessinger, Huisman,
Davidson, Bounameaux, Francis, Eriksson, Lundström,
Berkowitz, Nyström, Thorsén, Ginsberg.
Acquisition of data: Fiessinger, Huisman, Davidson,
Bounameaux, Francis, Eriksson, Ginsberg.
Analysis and interpretation of data; critical revision
of the manuscript for important intellectual content;
obtained funding; study supervision: Fiessinger,
Huisman, Davidson, Bounameaux, Francis, Eriksson,
Lundström, Berkowitz, Nyström, Ginsberg.
Drafting of the manuscript: Fiessinger, Huisman,

XIMELAGATRAN VS LMWH AND WARFARIN FOR DEEP VEIN THROMBOSIS

©2005 American Medical Association. All rights reserved. (Reprinted) JAMA, February 9, 2005—Vol 293, No. 6 687



Davidson, Francis, Eriksson, Lundström, Berkowitz,
Nyström, Thorsén, Ginsberg.
Statistical analysis: Nyström.
Administrative, technical, or material support: Berkowitz,
Thorsén.
Financial Disclosures: Drs Fiessinger, Huisman, and
Bounameaux have served as consultants for Astra-
Zeneca. Dr Davidson has been a clinical investigator
in anticoagulant research with AstraZeneca, Sanofi, Or-
ganon, Aventis, and Bristol-Myers Squibb, and has
served as a consultant or occasional speaker (some-
times for honoraria) for each of these sponsors. Dr Fran-
cis has served as a consultant for AstraZeneca. Dr Eriks-
son has served as a consultant for AstraZeneca. Dr
Ginsberg has received funding from AstraZeneca for
consultation on ximelagatran or as unencumbered edu-
cational or research grants.
Funding/Support: This study was funded by Astra-
Zeneca.
Role of the Sponsor: The Joint Executive Committee
was entirely responsible for the design, conduct, and
analyses of the study. The committee had nonspon-
sor co-chairmen and a majority of nonsponsor voting
members. Four members of the committee were from
the sponsor (Dr Lundström, Dr Berkowitz [medical in-
put to trial design, conduct, and interpretation], Mr
Nyström [statistical input to trial design, data analy-
sis, and interpretation], and Ms Tedroff [collection,
management, and analysis of study data]). The spon-
sor, AstraZeneca, held the data and performed the data
analyses under the direction of the Joint Executive
Committee. This committee had full and free access
to all primary data and had full independence in de-
ciding what to publish. Dr Lundström, Dr Berkowitz,
Mr Nyström, and Ms Thorsén were involved in the
preparation, review, and approval of the manuscript.
Independent Statistical Analysis: Dr Hans Wedel (Pro-
fessor of Epidemiology and Biostatistics, Nordic School
of Public Health, Gothenburg, Sweden) performed an
independent statistical review of the study and vali-
dated methodology, primary and secondary analyses
performed, and results obtained.
THRIVE Treatment Study Investigators: Joint Execu-
tive Committee: J.-N. Fiessinger (Co-chairman), J. S.
Ginsberg (Co-chairman), H. Bounameaux, B. L. Dav-
idson, H. Eriksson, C. W. Francis, M. V. Huisman, T.
Lundström, S. D. Berkowitz, P. Nyström, P. Tedroff.
Independent Safety Committee: F. Lindgärde, D.
Bergqvist, A. Odén, A. Rosengren. Independent Cen-
tral Adjudication Committee (ICAC): M. Gent, J. Hirsh,
C. Kearon, M. Levine, J. Weitz. Steering Committee
for countries outside North America, the National Co-
ordinating Investigators: G. Agnelli, H. Bouname-
aux, B. Brenner, M. Casey, V. Cízek, F. Collado, H.
Eriksson, J.-N. Fiessinger, H. Gibbs, J. Harenberg, M.
V. Huisman, A. Kirienko, R. Lassila, F. Maffei, D. Me-
nezes, H. Niessner, M. J. G. Pimentel, Puruhito, C. J.
Sanches Díaz, P. M. Sandset, G. Sas, P. Sutcharitchan,
A. Torbicki, I. Walker, J.-C. Wautrecht. Steering Com-
mittee for North America: D. Anderson, J. Ansell, B.
L. Davidson, C. W. Francis, J. S. Ginsberg, J. A. Heit,
P. Wells. Independent INR Monitor: P. C. Comp. In-
dependent statistician: H. Wedel. Sponsor, AstraZen-
eca R&D, Mölndal, Sweden, and Wilmington, Del:
S. D. Berkowitz, E. Ersdal, J. D. Heckman, J. L. Heck-
man, M. Hellstern, T. Lundström, P. Nyström, C. Price,
P. Tedroff, M. Thorsén, U. Wall, P. Wessman. Inves-
tigators (principal investigators for each country): Ar-
gentina (21 patients, 4 centers): A. Kaminker, Bue-
nos Aires; D. Luis Xavier, Buenos Aires; D. Nul, Buenos
Aires; Australia (98 patients, 10 centers): H. Gibbs,
Wooloongabba; T. Eng Gan, Clayton; H. Salem, Box
Hill; A. Gallus, Bedford Park; T. A. Brighton, Koga-
rah; R. Baker, Perth; P. Walker, Herston; P. Thurlow,
Heidelberg; J. F. Cade, Parkville; P. Carroll, Redcliffe;
Austria (63 patients, 6 centers): E. Minar, Wien; H.
Niessner, Wiener Neustadt; E. Pilger, Graz; N. Zin-
nagl, Salzburg; M. Wolzt, Wien; Belgium (18 pa-

tients, 4 centers): J.-C. Wautrecht, Brussels; A. Van
Hoof, Brugge; F. Vermassen, Gent; J. Vanderdonckt,
Oostduinkerke; Brazil (104 patients, 9 centers): F. Maf-
fei, Botucatu; J. M. da Silva Silvestre, Londrina; G. R.
Araújo, Brasilia; B. Van Bellen, São Paulo, R. A. Caf-
faro, São Paulo; E. Ramacciotti, Santo André; A. Ca-
bral, Belo Horizonte; J. Timi, Curitiba; L. Moura, Sal-
vador; Canada (181 patients, 19 centers): P. Wells,
Ottawa, Ontario; M. J. Kovacs, London, Ontario; D.
Anderson, Halifax, Nova Scotia; J. Kassis, Montreal,
Quebec; L. Desjardins, Sainte-Foy, Quebec; S. Dolan,
Saint John, New Brunswick; S. Kahn, Montreal; J. Gins-
berg, Hamilton, Ontario; C. Demers, Sainte-Foy; B.
Ritchie, Edmonton, Alberta; M. Rodger, Ottawa; P.
Tsang, Richmond, British Columbia; C Licskai, Wind-
sor, Ontario; J. Cusson, Quebec; J. C. Berlingieri, Bur-
lington, Ontario; Czech Republic (134 patients, 8 cen-
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Just don’t give up trying to do what you really want
to do. Where there is love and inspiration, I don’t think
you can go wrong.

—Ella Fitzgerald (1917-1996)
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