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Abstract

Clinical-based evidence demonstrates that long-term
oral anticoagulant therapy with the vitamin K antago-
nists is highly effective for the secondary prevention of
venous thromboembolism (VTE). However, owing to
fear of bleeding complications and the inconvenience of
coagulation monitoring, many patients do not receive
the required duration of treatment. This can lead to a
high incidence of recurrent VTE events and has prompt-
ed the evaluation of alternative treatment strategies and
the development of new anticoagulants for VTE manage-
ment. For patient groups in which it is particularly diffi-
cult to maintain the target intensity of anticoagulation,
low-molecular-weight heparin (LMWH) has been found
to significantly reduce the risk of recurrent VTE without
increasing bleeding risk. The parenteral administration
of LMWH, however, is a drawback for long-term use in
the outpatient setting. Long-term warfarin use at a lower
intensity (international normalized ratio [INR] 1.5-2.0)
has also been assessed as a possible strategy to reduce
bleeding complications and the need for monitoring, but

results were disappointing when compared with con-
ventional-intensity warfarin (INR 2.0-3.0). New therapies
in development that may potentially offer a more favour-
able benefit-risk profile and greater consistency and pre-
dictability of response include the synthetic penta-
saccharides, fondaparinux and idraparinux. These par-
enterally administered indirect factor Xa inhibitors have
a predictable pharmacokinetic profile, allowing use with-
out coagulation monitoring. Fondaparinux to date has
only been evaluated in the initial treatment (5-7 days) of
symptomatic deep vein thrombosis. In contrast, idra-
parinux, with its longer half-life (80 h) allowing once-
weekly parenteral dosing, has the potential for long-term
treatment and is currently being assessed in phase lll
trials for the secondary prevention of VTE. Currently,
the most promising new therapeutic option is the first
of the oral direct thrombin inhibitors, ximelagatran.
The THRombin Inhibitor in VEnous thromboembolism
(THRIVE) clinical trial programme has demonstrated that
this agentis as effective as standard therapy for the acute
treatment (THRIVE Treatment) and secondary preven-
tion (THRIVE Ill) of VTE events and is well tolerated when
used for 6 months or over extended periods up to 1.5
years. Furthermore, with oral administration, fixed dos-
ing and no requirement for anticoagulation monitoring,
ximelagatran has the potential to facilitate optimal use
and duration of VTE treatment by overcoming the limita-
tions of current agents.
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Introduction

The optimal approach to the management of venous
thromboembolism (VTE) remains a matter for debate.
Therapy for idiopathic VTE typically includes a 5- to 7-
day course of low-molecular-weight heparin (LMWH)
followed by a minimum of 3 months of oral anticoagula-
tion therapy with dose-adjusted warfarin to achieve an
international normalized ratio (INR) between 2.0 and
3.0. After cessation of anticoagulation therapy, however,
recurrent venous thrombosis is a major clinical problem
with rates of 6-9%/year [1, 2]. The risk of recurrent
thrombosis after discontinuation of anticoagulant thera-
py depends largely on underlying risk factors being tem-
porary or permanent, and this in turn will influence the
duration of secondary prophylaxis required [3]. For ex-
ample, patients with ongoing risk factors, such as throm-
bophilia or metastatic cancer, require prolonged antico-
agulation for 6 months or longer, whereas for patients
with transient risk factors, such as surgery, a shorter du-
ration of approximately 6 weeks of postoperative therapy
may be sufficient [3].

Clinical trials have demonstrated that in patients with
a first episode of VTE, 6 months of prophylactic oral an-
ticoagulation led to a lower recurrence rate than treat-
ment lasting for 6 weeks [4], and in patients with recur-
rent episodes, indefinite oral anticoagulation significantly
reduced the rate of recurrence over 4 years compared with
6 months of treatment [5]. Unfortunately, clinical studies
have also demonstrated that indefinite therapy with vita-
min K antagonists (VKASs), such as warfarin, carries a
substantial risk of major haemorrhage, with rates of ma-
jor bleeding episodes ranging from 2 to 4% annually, or
from 5 to 9% in cohort studies with unselected patients
[6-8]. Thus, the presence of risk factors for bleeding dur-
ing anticoagulation therapy - including age, previous
stroke, recent myocardial infarction, concomitant renal
failure, anaemia or diabetes [9, 10] — must be weighed
against the risk of recurrence for each individual when
deciding on duration of anticoagulation therapy. The
American College of Chest Physicians guidelines recom-
mend at least 6 months of treatment for secondary pro-
phylaxis in patients with idiopathic VTE [3]. However,
these recommendations are rarely adhered to, owing to
the fear of bleeding complications and the numerous oth-
er inherent limitations of current anticoagulants (de-
scribed in detail by Giancarlo Agnelli in this supplement)
[11].

The unfavourable benefit-risk ratio of warfarin for
long-term management has prompted the evaluation of
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alternative treatment strategies and the pursuit of novel
anticoagulants with improved benefit-risk profiles and
greater consistency and predictability of response. Here,
clinical data regarding the benefits of different treatment
strategies for secondary prophylaxis of VTE will be re-
viewed, including long-term use of LMWH, long-term
oral anticoagulation with low-intensity warfarin, and
treatment with novel agents including the parenterally
administered pentasaccharide factor Xa inhibitors
fondaparinux and idraparinux, as well as the first of the
oral direct thrombin inhibitors, ximelagatran.

Low-Molecular-Weight Heparin

Because of the slow onset of action of warfarin, heparin
therapy is typically used for 5-7 days until the full anti-
thrombotic effect of warfarin is realized. Whilst this ap-
proach is effective in a majority of patients, warfarin ther-
apy can be highly problematic for patients at a high risk
of haemorrhagic complications, such as cancer patients.
Drug interactions, malnutrition, vomiting and liver dys-
function can lead to a particularly unpredictable dose-re-
sponse effect that contributes to the high rates of recur-
rent VTE and bleeding observed in cancer patients treat-
ed with oral anticoagulation therapy [12, 13]. Compared
with the VKAs, LMWHs have more predictable pharma-
cokinetic properties and require less frequent anticoagu-
lation monitoring. They are, therefore, theoretically a
more favourable treatment option for patients at a high
risk of bleeding. The Randomized Comparison of Low
Molecular Weight Heparin versus Oral Anticoagulation
Therapy for the Prevention of Recurrent Venous Throm-
boembolism in Patients with Cancer (CLOT) trial recent-
ly compared the efficacy of once-daily subcutaneous ad-
ministration of the LMWH dalteparin for 6 months with
the conventional treatment regimen of dalteparin for 5-7
days followed by 6 months of oral anticoagulation (target
INR, 2.5). The incidence of recurrent VTE was signifi-
cantly reduced with long-term dalteparin treatment (8%)
compared with oral anticoagulation (16%; hazard ratio,
0.48; p = 0.02), with no significant difference in the rate
of major bleeding (6 and 4%, respectively). Therefore,
long-term LMWH treatment is a viable therapeutic op-
tion in patients at a high risk of recurrent VTE, but the
subcutaneous administration of the LMWHs is a signifi-
cant drawback for their use in the outpatient setting.
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Cumulative probability of
recurrent thromboembolism

Fig. 1. The ELATE trial: cumulative prob-
ability of VTE with low-intensity warfarin
compared with conventional-intensity war-
farin. Reproduced with permission from
Kearon C et al. [15]. Copyright 2003 Mas-
sachusetts Medical Society. All rights re-
served.
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Low-Intensity Warfarin

To counter the high risks of bleeding associated with
conventional-intensity warfarin (target INR, 2.0-3.0),
and the need for frequent anticoagulation monitoring,
long-term warfarin use at a lower intensity of INR of 1.5-
2.0 has been proposed for the management of patients
with VTE. This regimen has been evaluated in the Pre-
vention of REcurrent VENous Thromboembolism (PRE-
VENT) trial, in which patients with idiopathic VTE who
had been receiving conventional-intensity warfarin for a
median of 6.5 months were randomized to receive either
low-intensity warfarin or placebo for long-term (4.3 years)
secondary prevention of VTE events [14]. Low-intensity
warfarin was found to be significantly more effective than
placebo in reducing the risk of recurrent VTE events (2.6
and 7.2/100 person-years, respectively) and was associ-
ated with a 48% reduction in the composite end point of
recurrent VTE, major bleeding and death.

These results support a role for low-intensity warfarin
in the long-term secondary prevention of recurrent VTE
events. However, the benefits observed in this study were
not corroborated in another study. In the Extended
Low-intensity Anticoagulation for Thrombo-Embolism
(ELATE) trial, patients receiving conventional-intensity
warfarin (target INR, 2.0-3.0) were randomized to either
continue their current therapy or switch to low-intensity
warfarin (target INR, 1.5-1.9) [15]. Significantly more
patients on low-intensity warfarin had recurrent VTE
(1.9 events/100 person-years) compared with conven-
tional-intensity warfarin (0.7 event/100 person-years;
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hazard ratio, 2.8; 95% CI, 1.1-7.0) and this reduced ef-
ficacy was not accompanied by a significant reduction in
the risk of bleeding (fig. 1). In fact, slightly more patients
on low- than on conventional-intensity warfarin suffered
a bleeding event, although the difference was not statisti-
cally significant (1.1 vs. 0.9/100 person-years; hazard ra-
tio, 1.2; 95% CI, 0.4-3.0). The author suggests that the
reduction in efficacy seen with low-intensity warfarin
may have arisen because some of the patients who
switched to low-intensity warfarin did not receive a suf-
ficiently long course of conventional-intensity warfarin
before the switch. This was confirmed by analysis where-
by patients were split into subgroups according to the
duration of treatment before the switch, and those receiv-
ing shorter treatments were indeed found to experience
higher rates of recurrence [15].

Pentasaccharides

In contrast to the heparins, which bind to several plas-
ma components, the synthetic pentasaccharides fonda-
parinux and idraparinux represent the minimal binding
unit of heparin, allowing them to selectively bind anti-
thrombin. This allows rapid inhibition of factor Xa with
a highly predictable pharmacokinetic profile without the
need for coagulation monitoring.

Fondaparinux has been compared with the heparins
as initial treatment for both deep vein thrombosis (DVT)
and pulmonary embolism (PE) in the MATISSE trials
[16, 17]. These trials compared fondaparinux given sub-
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cutaneously once daily with continuous intravenous infu-
sion of unfractionated heparin (UFH) in patients with PE
[16], and with twice-daily subcutaneous injection of the
LMWH enoxaparin in patients with DVT [17]. In both
trials, fondaparinux or the comparator was given for at
least 5 days and until VKAs caused an INR greater than
2.0.

Slightly fewer patients with PE receiving fondaparinux
experienced recurrent VTE events (3.8%) compared with
those receiving UFH (5%), but this difference did not
reach statistical significance. Similarly, there were no sig-
nificant differences in the numbers of patients experienc-
ing bleeding events (1.3% with fondaparinux versus 1.1%
with UFH) or in the overall rate of mortality (5.2% with
fondaparinux versus 4.4% with UFH) [16]. Comparison
of fondaparinux with enoxaparin in DVT patients also
showed no significant differences in terms of the VTE
event rate (3.9 and 4.1%, respectively), the incidence of
major haemorrhage (1.1 and 1.2%), and the overall mor-
tality rate (3.8 and 3.0%) [17]. These results suggest that
fondaparinux is at least as effective and well tolerated as
standard initial treatment in patients with DVT and PE,
although in these trials fondaparinux did not negate the
need for overlapping VKA therapy.

In contrast to fondaparinux, idraparinux has a longer
half-life (17 h and 80 h, respectively), allowing once-week-
ly rather than once-daily dosing, which is an important
advantage for long-term outpatient treatment of VTE.
The efficacy of idraparinux in the long-term prevention
of VTE has been assessed in the PERSIST trial [18]. After
5-7 days of treatment with enoxaparin, patients with
proximal DVT were randomized to receive one of four
once-weekly doses of idraparinux (2.5, 5, 7.5 and 10 mg)
or warfarin (target INR, 2.0-3.0) for 12 weeks. There
was no significant difference between warfarin- and
idraparinux-treated patients for the primary efficacy out-
come of the composite change in thrombotic burden and
clinical thromboembolic events (p = 0.4) [18]. There was
clearly a progressive, dose-dependent increase in bleeding
events among patients treated with idraparinux (p =
0.003), and only patients receiving the lowest dose of
idraparinux, 2.5 mg, experienced significantly less bleed-
ing than warfarin recipients (p = 0.003) [18]. It was con-
cluded that idraparinux dosed at 2.5 mg is as effective as
warfarin for the secondary prevention of DVT with low-
er rates of major bleeding. Owing to these results, the
2.5-mg dose was selected for ongoing large-scale, phase
I1I studies of idraparinux as extended treatment beyond
6 months in DVT and PE, and in stroke prevention in
atrial fibrillation.

Ximelagatran in Venous
Thromboembolism

Direct Thrombin Inhibitors

Another potentially promising novel strategy for
thromboprophylaxis in VTE is the use of ximelagatran,
the first of the oral direct thrombin inhibitors. Ximelaga-
tran is a candidate for use in both acute-phase and long-
term secondary prevention of VTE, owing to its fast onset
of action and oral administration. The efficacy and safety
of ximelagatran as treatment for patients with VTE has
been assessed in two large-scale, multi-centre, double-
blind, randomized phase III studies: the THRombin In-
hibitor in VEnous thromboembolism (THRIVE) Treat-
ment and THRIVE III trials. THRIVE Treatment aimed
to establish whether ximelagatran is at least as efficacious
and well tolerated as standard treatment over 6 months
[19]. Patients with acute DVT with or without PE were
randomly assigned to receive either ximelagatran (36 mg
twice daily) or a standard therapy regimen of the LMWH
enoxaparin for a minimum of 5 days followed by warfa-
rin. Ximelagatran was given as a fixed dose without any
coagulation monitoring or dose adjustments. The prima-
ry end point was confirmed new VTE events, and second-
ary analyses included comparison of bleeding rates, all-
cause mortality and the combined end point of VTE and
major bleeding.

After 6 months of treatment, the rate of recurrence of
VTE events was comparable between the two groups
(2.0% with enoxaparin/warfarin vs. 2.1% with ximelaga-
tran), demonstrating that ximelagatran is at least as effec-
tive as standard therapy (fig. 2) [19]. Additionally, xime-
lagatran showed non-inferiority to standard treatment in
rates of major bleeding (1.3 and 2.2%, respectively) and
all-cause mortality (2.3 and 3.4%). Ximelagatran was as-
sociated with an overall greater incidence of elevations in
liver alanine aminotransferase (ALAT) levels to more
than three times the upper limit of normal (10.2 vs. 2.2%).
However, these elevations were generally transient, oc-
curred mainly in months 3 and 4, were asymptomatic in
terms of liver function and resolved spontaneously wheth-
er treatment was continued or discontinued [19]. There-
fore, this study demonstrated that oral ximelagatran is at
least as efficacious and well tolerated as standard therapy
for the acute treatment of VTE over 6 months [19].

The THRIVE III trial expanded on these results by as-
sessing the potential of ximelagatran for long-term sec-
ondary prevention beyond 6 months, at which point an-
ticoagulation with current agents is often stopped [20].
Patients with DVT and/or PE who had undergone treat-
ment for 6 months with a VKA were randomized to re-
ceive ximelagatran 24 mg twice daily without coagulation
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monitoring, or placebo, for 18 months. The primary ob-
jective of the trial was to assess the time to a confirmed
new VTE event, with secondary objectives including the
assessment of mortality risk and other safety parameters,
particularly bleeding episodes.

The estimated cumulative risk of VTE events was dra-
matically reduced among patients treated with ximelaga-
tran (2.8%) compared with those who stopped anticoagu-
lation at 6 months (12.6%; risk reduction, 9.8%; p<0.001;
fig. 3).

Analysis of major and minor bleeding revealed no sig-
nificant difference in the estimated cumulative risk of
bleeding events (p = 0.17; fig. 4), and all-cause mortality
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occurred in 1% of patients in each treatment group. More
patients receiving ximelagatran experienced increased
levels of ALAT, with an incidence of more than three
times the upper limit of normal of 6.0% in the ximelaga-
tran group compared with 1.0% in the placebo group (cu-
mulative risk of 6.4 and 1.2%, respectively; p < 0.001)
[20]. Again, these elevations were seen mainly in months
3 and 4 of treatment, were typically transient and asymp-
tomatic in nature, and resolved spontaneously with or
without treatment discontinuation.

Therefore, the THRIVE III study demonstrated that
ximelagatran at a dose of 24 mg twice daily significantly
reduces the risk of symptomatic recurrent VTE events,

Schulman



Fig. 4. THRIVE III: estimated cumulative
risk of a major or minor bleeding event dur-
ing 18 months of treatment with ximelaga-
tran versus placebo. Reproduced with per-
mission from Schulman S et al. [20]. Copy-
right 2003 Massachusetts Medical Society.
All rights reserved.
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with an incidence of bleeding similar to that seen in the
placebo group. Thus, ximelagatran possesses a favourable
benefit-risk profile for long-term secondary prevention of
VTE events.

Conclusions

Ximelagatran, by overcoming many of the limitations
associated with current treatment strategies, offers con-
siderable potential for the improved management of
VTE. Unlike warfarin, orally administered ximelagatran

can be given immediately upon diagnosis owing to its fast
onset of action and can be used effectively in both acute-
phase treatment and long-term secondary prevention of
VTE. Furthermore, the fixed dosing regimen and predict-
able pharmacokinetic profile relieves the burden of man-
agement associated with regular coagulation monitoring
and dose adjustments. Thus, the improved benefit-risk
profile of ximelagatran has the potential to extend the
duration of therapy and maximize the potential of highly
effective anticoagulation in the treatment and secondary
prevention of VTE.
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