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New Drugs, Old Drugs

ximelagatran. Its development began in the laborator
Sweden in 1985 with the deliberate targeting of 
newly synthesised small-molecular-weight direct inh
gatran, a dipeptide, was one of three compound
Melagatran is a parenteral agent with low oral bioa
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ABSTRACT

• Melagatran is a synthetic, small-peptide direct thrombin 
inhibitor with anticoagulant activity.

• Ximelagatran, an oral prodrug, undergoes rapid enzymatic 
conversion to melagatran.

• Melagatran has rapid onset of action, fixed twice-daily 
dosing, stable absorption, apparent low potential for 
medication interactions, and no requirement for monitoring 
drug levels or dose adjustment. There is no specific antidote, 
but the drug has a short plasma elimination half-life (about 4 
hours).

• In clinical studies, melagatran/ximelagatran is not inferior to 
warfarin for stroke prevention in patients with non-valvular 
atrial fibrillation, to heparin–warfarin for acute treatment and 
extended secondary prevention of deep vein thrombosis, 
and superior to warfarin for prevention of venous 
thromboembolism after major orthopaedic surgery. Major 
bleeding with melagatran/ximelagatran occurred at rates 
similar to those in patients treated with warfarin.

• 6%–12% of patients taking ximelagatran develop 
asymptomatic elevated liver enzyme levels (predominantly 
alanine aminotransferase) after 1–6 months of therapy; this 
usually resolves with cessation of therapy. Less than 1% 
of patients develop abnormal liver function while taking 
ximelagatran; this rarely persists or develops into clinical 
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illness.
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 ustralia, warfarin sodium is the principal oral anticoagulant

escribed for patients with arterial and venous thrombo-
bolic disease. Although effective, warfarin has a narrow

therapeutic window, with significant risks of haemorrhage at
therapeutic concentrations. It has limitations in clinical practice,
including the need for individualised dosing and frequent INR
(international normalised ratio) measurements.

Here, I will summarise the pharmacology and give an overview
of the clinical trial results of a new oral anticoagulant drug,
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thrombin activity, is rapidly converted to melagatran in vivo.

Ximelagatran is approved in several European countries for short-
term orthopaedic prophylaxis. It is under regulatory review in the
United States for prophylaxis, stroke prevention and treatment of
deep vein thrombosis. In Australia, ximelagatran is not yet
approved for clinical use outside clinical trials.

Properties of ximelagatran
Coagulation is initiated by the tissue-factor-dependent activation
of factor VII (see Box 1). Key events in the coagulation cascade are
the activation of platelets, the generation of activated factor X, and
the subsequent activation of prothrombin to thrombin by the
prothrombinase complex. Thrombin is the key enzyme cleaving
fibrinogen to produce fibrin clot. Thrombin has many other
activities, including a potent positive feedback by activating factors
V and VIII, further activation of platelets, stimulation of anticoagu-
lation mechanisms, and promotion of clot dissolution and healing.
A number of anticoagulant drugs targeting activated factor X or
thrombin are currently marketed or in advanced stages of clinical
testing (Box 1).

Ximelagatran has many desirable properties as an anticoagulant
when compared with warfarin sodium (see Box 2).1 Melagatran is
a potent, rapidly binding, competitive and reversible direct inhibi-
tor of soluble and clot-bound thrombin. Oral ximelagatran has
stable bioavailability and is rapidly converted to melagatran, with
peak plasma melagatran concentrations 1.5–2.5 hours after oral

1 Overview of the coagulation pathways, highlighting 
current and selected new antithrombotic agents
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dosing. Absorption is minimally influenced by food and other
medications. Melagatran has no significant protein binding, is not
significantly metabolised, and 80% is excreted renally over 24
hours. The half-life of melagatran is relatively short at 1.5–2 hours
in young, healthy people, necessitating twice-daily dosing. Because
of the age-related decrease in renal function, the plasma half-life of
melagatran increases with patient age; its half-life in a typical 70-
year-old patient is 4–5 hours. In patients with severe renal
impairment, the plasma half-life of melagatran is significantly
longer.2 The impact of renal impairment on dosing and adverse
effects needs to be explored in greater detail, although there was
no significant accumulation with repeated dosing in healthy young
or elderly individuals. Doses of melagatran/ximelagatran have
varied in different clinical indications. Maximal plasma concentra-
tion of 600 nmol/L is achieved after 5 mg subcutaneous melagatran
or 60 mg of oral ximelagatran. Ximelagatran administration at
therapeutic doses results in significant prolongations of clotting
times (eg, activated partial thromboplastin time, prothrombin time
and thrombin time).

In clinical studies, over 17 000 patients have received melagat-
ran/ximelagatran and no observed interactions with concomitant
medications have been noted. Preliminary studies of possible
interactions of melagatran/ximelagatran with alcohol or specific
medications (including nifedipine, diazepam, diclofenac, acetyl-
salicylic acid, digoxin and statins) have found none, as melagatran/
ximelagatran metabolism is independent of CYP450 enzymes
(abstract presentations only). One study found that concomitant
ximelagatran and erythromycin increased maximal plasma con-
centration of melagatran in healthy volunteers by almost twofold.

Excluding haemorrhage (discussed below), melagatran/ximela-
gatran has been remarkably free of significant adverse effects. Most

attention has focused on the dose-dependent increase in liver
enzyme levels (predominantly alanine aminotransferase [ALT]),
which is usually asymptomatic and occurs in 6%–12% of patients.
This biochemical abnormality typically develops between the first
and sixth month of therapy, but rarely after 6 months. The
proportion of patients with ximelagatran-induced increased liver
enzyme concentrations who become jaundiced or develop symp-
toms attributable to liver dysfunction appears to be small (< 1%–
2%), but precise details have not yet been published. All patients
taking melagatran/ximelagtran require monthly liver function test-
ing for the first 6 months. Therapy should be ceased if the ALT
concentration exceeds five times the upper limit of normal at any
time. More frequent monitoring is required in patients in whom
ALT concentrations increase to 3–5 times the upper limit of
normal. The biochemical abnormality usually (> 95% of occasions)
completely resolves with either continuation or discontinuation of
the medication. The mechanism of the liver enzyme abnormality
remains unclear. The importance of concurrent liver disease and
concomitant use of other liver toxins remains to be determined.

Clinical studies of melagatran/ximelagatran

The clinical efficacy and safety of melagatran/ximelagatran has
been assessed in an expansive clinical study program. These have
focused on stroke prevention in non-valvular atrial fibrillation,
prophylaxis of vein thrombosis after orthopaedic surgery, acute
therapy of vein thrombosis, secondary prevention of recurrent vein
thrombosis, and acute coronary syndromes. In this article ximela-
gatran refers to the combination of melagatran and ximelagatran
unless otherwise specified.

2 Comparison of melagatran/ximelagatran and warfarin sodium

Property Warfarin sodium Melagatran/ximelagatran

Mechanism of action Reduced synthesis of functional prothrombin and 
other clotting factors

Direct competitive and reversible inhibition of soluble 
and clot-bound thrombin

Rapid onset of action No Yes

Effective anticoagulant Yes Yes (not inferior to well-controlled warfarin therapy 
in most studies)

Risk of haemorrhage Significant Equivalent to warfarin in most studies

Route of administration Oral, once daily Oral, twice daily

Stable, predictable pharmacokinetics No Yes

Interactions with diet and alcohol Clinically significant No

Interactions with other medications Many Low potential

Dosing Individualised to each patient and a target INR Fixed dosing dependent on indication 

Monitoring International normalised ratio (INR) every 1–2 weeks No monitoring of anticoagulant level. Monthly liver 
enzyme tests for first 6 months

Dose adjustments Frequent No

Use in severe liver disease Problematic Unknown (such patients excluded from studies)

Use in severe renal disease Yes No. Melagatran is excreted renally, and patients with 
renal disease were excluded from clinical studies

Reversibility after cessation Slow elimination and reversal of antithrombotic 
effect

Reversal of thrombin inhibition dependent on plasma 
concentration and elimination half-life (approx. 4 h)

Antidote Rapid reversal with plasma or factor replacement 
Slow reversal with vitamin K

None available. Plasma or factor replacement not 
effective. Possible removal by dialysis

Drug cost Cheap Unknown
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Stroke prevention in atrial fibrillation
Non-valvular atrial fibrillation (NVAF) affects 6% of people over
the age of 65 years and about 10% of those over 80. Patients with
NVAF have an absolute risk of stroke and systemic embolism of
around 5%, which varies with age and other risk factors. Clinical
studies have conclusively shown that warfarin, given to achieve a
target INR of 2–3, is highly effective at preventing stroke (risk
reduction of 62% in all risk groups), but at a cost of around 1% per
year of fatal haemorrhage. Despite the published efficacy of
warfarin, studies consistently show that only 20%–40% of eligible
patients actually receive warfarin.4

Ximelagatran has been evaluated in two dose-finding explora-
tory studies (SPORTIF II5 and SPORTIF IV [unpublished]) and
two phase III clinical studies (SPORTIF III6 and SPORTIF V7). The
SPORTIF III and V studies recruited over 5000 patients with NVAF
at moderate risk of stroke or systemic embolism (see Box 3). Their
objective was to establish that fixed-dose ximelagatran (36 mg
twice daily) was not inferior to warfarin (target INR, 2–3).8

Absolute rates of stroke and systemic embolism for patients treated
with warfarin and ximelagatran were equivalent. Rates of major or
fatal bleeding were not significantly different, although there was a
small but significant excess of total bleeding in patients treated
with warfarin. Abnormal ALT concentrations (above three times
upper limit of normal) occurred in 1% of patients treated with
warfarin and 6% of those treated with ximelagatran. These studies

concluded that ximelagatran (36 mg twice daily) is not inferior to
warfarin (target INR, 2–3) for preventing stroke, with no difference
in significant bleeding rates (E2). (Levels of evidence are explained
in a National Health and Medical Research Council publication.24)

Prophylaxis for venous thromboembolism after major 
orthopaedic surgery
Without prophylaxis, arthroplasty of the knee and hip carries
unacceptable risks of postoperative vein thrombosis and death
from pulmonary embolism.9 Standard prophylaxis includes early
mobilisation, compression stockings and once-daily injections of
low-molecular-weight heparin (LMWH) for 5–10 days. A propor-
tion of patients undergoing knee-replacement surgery receive
prophylaxis with warfarin rather than LMWH. With this prophy-
laxis 1%–2% of patients will still develop symptomatic deep vein
thrombosis (DVT) or pulmonary embolism (PE), with fatality rates
of 0.1%–0.5% over the 6-week postoperative period. Most of these
clinical events occur out of hospital. Recent studies of prolonged
prophylaxis with LMWH for 4–6 weeks postoperatively signifi-
cantly reduce the incidence of symptomatic venous thrombo-
embolism.10

The high rates of venous thromboembolism after major ortho-
paedic surgery provide an opportunity for more effective anticoag-
ulants to improve clinical outcomes. However, clinical studies
based on symptomatic events alone are difficult to perform, as the
number of participants needed to achieve adequate statistical
power is immense. Most studies use bilateral contrast venography
performed at 7–14 days after surgery as a validated surrogate
outcome. With standard prophylaxis, such venography typically
finds total DVT rates of 15% after hip replacement and 30% after
knee replacement, and proximal DVT rates of about 6% in both
groups. Recent studies incorporating venographic endpoints have
shown impressive superiority of fondaparinux over standard
LMWH prophylaxis.11

Ximelagatran has been extensively studied after joint-replace-
ment surgery. The dose-ranging pilot study (METHRO I12) and
phase II study (METHRO II13) found an overall dose-dependent
decrease in total and proximal DVT on venography and/or symp-
tomatic pulmonary embolism with increasing doses of ximelagat-
ran. The phase III studies of ximelagatran are summarised in Box
4. No difference in the rates of proximal asymptomatic DVT on
venography, symptomatic vein thrombosis or major bleeding were
shown between patients treated with ximelagatran and enoxa-
parin.14-17 Total rates of DVT on venography were significantly
reduced in patients treated with ximelagatran compared with those
treated with enoxaparin in the EXPRESS study15 and those treated
with warfarin in the EXULT studies.16,17 These studies concluded
that ximelagatran is an effective agent for preventing venous
thromboembolism after major orthopaedic surgery (E2). Ximela-
gatran has recently been approved in 13 European countries for
orthopaedic prophylaxis.

Therapy for vein thrombosis
Acute treatment of acute venous thromboembolism, either DVT or
PE, requires initial anticoagulation with LMWH and subsequent
warfarin therapy in most patients. Most patients can be treated
safely out of hospital. Warfarin therapy is usually initiated within
24–48 hours, but therapeutic anticoagulation (as measured by
INR) is not achieved for about 1 week. Heparin and warfarin
should be given concurrently for at least 5 days, and heparin

3 Summary of phase III studies of ximelagatran versus 
warfarin for stroke prevention in non-valvular atrial 
fibrillation*

Study SPORTIF III SPORTIF V

Design RCT open-label RCT double-blind

Study interventions

Ximelagatran 36 mg twice daily 36 mg twice daily

Warfarin Target INR, 2–3 Target INR, 2–3

Number of patients

Ximelagatran 1472 1960

Warfarin 1452 1962

Absolute risk of stroke + systemic embolism†

Ximelagatran 1.6% 1.6%

Warfarin 2.3% 1.2%

Absolute risk of fatal or major bleeding†

Ximelagatran 1.3% 2.4%

Warfarin 1.8% 3.1%

% of patients with ALT level > 3 times upper limit of normal‡

Ximelagatran 6% 6%

Warfarin 0.8% 1.0%

In SPORTIF III, medication discontinuation rates were 3.2% for patients taking 
ximelagatran, and 0.3% for those taking warfarin. Discontinuation rates were 
not published for SPORTIF IV.
INR = international normalised ratio. ALT = alanine aminotransferase.
* Patients were at moderate risk of stroke or systemic embolism as defined by 
at least one additional risk factor for stroke, including previous stroke, previous 
systemic embolism, age > 65 years, hypertension, diabetes, coronary artery 
disease, or left ventricular dysfunction (as defined by a left ventricular ejection 
fraction < 40%), or symptomatic congestive heart failure within 3 months. 
† Difference between ximelagatran and warfarin not significant.
‡ Difference between ximelagatran and control therapy significant at P < 0.05.
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treatment should not be ceased until INR measurements have been
in the target range of 2–3 for 2 consecutive days.

The optimal duration of warfarin therapy is uncertain. In most
patients with their first provoked (eg, postoperative) DVT or PE, 3–
6 months is adequate. Patients with a first unprovoked proximal
DVT or PE usually receive 6 months of warfarin therapy. Patients
with unprovoked DVT or PE have a high rate of recurrent vein
thrombosis (about 1 in 3 over 10 years). A number of studies have
confirmed that extending warfarin therapy (target INR, 2–3)
beyond 3–6 months is highly (� 95%) effective for preventing
recurrent thrombosis. Unfortunately, the unpredictable risk of
major or fatal haemorrhage all but eliminates the benefit for
extended warfarin therapy. Extended warfarin therapy is generally
reserved for patients with first unprovoked DVT/PE and significant
thrombophilia (eg, malignant disease) or recurrent vein thrombosis.

Ximelagatran has been compared with standard therapy for
acute treatment of DVT with or without asymptomatic PE
(THRIVE I,18 THRIVE II [unpublished], THRIVE IV19 and
THRIVE V20), and with placebo for extended secondary prophy-
laxis (THRIVE III21). The details of these studies are summarised in
Box 5. The combined results of the THRIVE II and V studies found
that ximelagatran (36 mg twice daily for 6 months) was not inferior
to standard therapy (enoxaparin and warfarin [targeted INR, 2–3]
for 6 months) (E2).20 There was no difference in major haemor-
rhage or all-cause mortality between patients treated with ximela-
gatran or warfarin.

In the THRIVE III study of extended prophylaxis, 1233 patients
were randomly assigned in a double-blind fashion to receive

placebo or ximelagatran (24 mg twice daily) for 18 months after
completing 6 months of anticoagulation therapy for acute DVT or
PE.21 The cumulative risk of symptomatic recurrent vein thrombo-
sis was 2.8% in patients treated with ximelagatran and 12.6% in
those taking placebo (risk reduction, 0.84; 95% CI, 0.7–0.91;
P < 0.001). Major haemorrhage occurred in 6 of 612 patients
treated with ximelagatran and 7 of 611 patients given placebo.
While ximelagatran is clearly superior to placebo for secondary
prophylaxis (E2), identical results are obtained when placebo and
warfarin therapy are compared. The haemorrhagic potential of
ximelagatran compared with warfarin in this setting remains to be
clarified.

Acute coronary syndromes
Recent studies have shown that warfarin, or warfarin combined
with low-dose aspirin, is effective in patients with acute coronary
disease for preventing recurrent ischaemia, reinfarction and
death.22 A single phase II study, the ESTEEM study, compared (in
patients all taking 160 mg aspirin once daily) placebo with varying
doses of ximelagatran (24, 36, 48 or 60 mg twice daily).23 Overall,
there was a 20% reduction in a composite endpoint of recurrent
non-fatal myocardial infarction, recurrent ischaemia or death from
any cause in patients treated with ximelagatran. Major bleeding
occurred in 1.8% of the combined ximelagatran group and 0.9%
of patients treated with aspirin only (difference not statistically
significant). These results are equivalent to those seen with
warfarin or warfarin combined with aspirin,21 but more studies are
required before firm conclusions can be reached (E3).

4 Summary of phase III studies of ximelagatran for prophylaxis against vein thrombosis after major orthopaedic surgery

Study METHRO III EXPRESS EXULT A EXULT B

Design Randomised double blind Randomised double blind

Type of surgery Hip and knee replacement Knee replacement

Study interventions

Control Enoxaparin (40 mg) 12 h before surgery; 
then once daily after surgery for 8–11 days 

Warfarin initiated evening after surgery 
and adjusted to INR 2.5

Ximelagatran Melagatran 3 mg 4–8 h 
after surgery; then 

ximelagatran 24 mg 
twice daily for 8–11 days

Melagatran 2 mg at knife-to-
skin; melagatran 3 mg 8 h after 

surgery, then ximelagatran 
24 mg twice daily for 8–11 days

Ximelagatran 24 mg or 36 mg 
initiated 12 h after surgery; 

then twice daily 
for 7–12 days

Ximelagatran 36 mg 
twice daily initiated 

morning after surgery 
for 7–12 days

Numbers of patients 

Ximelagatran (control) 1399 (1389)* 1410 (1425)* 614 (24 mg)
629 (36 mg) (608)*

1151 (1148)*

Total venous thromboembolism

Ximelagatran (control) 31.0% (27.3%)* 20.3% (26.6%)† 24.9% (24 mg)
20.3% (36 mg) (27.6%)†

22.5% (31.9%)†

Major venous thromboembolism

Ximelagatran (control) 5.7% (6.2%)* 2.3% (6.3%)† 2.5% (24 mg)
2.7% (36 mg) (4.1%)*

3.9% (4.1%)*

Fatal or major bleeding

Ximelagatran (control) 1.6% (1.7%)* 3.3% (1.2%)* 0.8% (0.7%)* 1.0% (0.4%)*

INR = international normalised ratio. Total venous thromboembolism = Distal plus proximal deep vein thrombosis on venography plus fatal or non-fatal pulmonary 
embolism plus death from any cause during treatment period. Major venous thromboembolism = Proximal deep vein thrombosis on venography plus fatal or non-fatal 
pulmonary embolism plus unexplained death during treatment period where pulmonary embolism could not be excluded.
* Difference between ximelagatran and control therapy not significant.
† Difference between ximelagatran and control therapy significant at P < 0.05. 
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Conclusion
The clinical studies of ximelagatran confirm that it is an effective
antithrombotic agent in stroke prevention in non-valvular atrial
fibrillation (E2), prevention of vein thrombosis after major ortho-
paedic surgery (E2), acute therapy of DVT (E2) and extended
prevention of recurrent vein thrombosis (E2), and possibly in
preventing recurrent ischaemia after acute myocardial infarction
(E3). In most indications, ximelagatran was as effective as standard
therapy and had equivalent propensity to cause bleeding. In major
arthroplasty ximelagatran was more effective than standard ther-
apy as prophylaxis against vein thrombosis. Important information
for patients is shown in Box 6.

Patients taking ximelagatran will require monthly blood tests for
liver biochemistry for 6 months. Some 6%–12% of patients treated
with ximelagatran will develop asymptomatic, but significantly
abnormal, ALT levels, leading to discontinuation of ximelagatran
therapy in about half of cases. While serious or symptomatic liver
toxicity occurred very infrequently in the clinical studies, ques-
tions remain about the mechanism of toxicity and implications for
wider community use.

A number of important patient groups have been excluded from
the clinical evaluation of ximelagatran (pregnant and lactating
women, and patients with a serum creatinine level > 150 µmol/L,
abnormal liver enzyme levels, or symptomatic pulmonary embo-
lism). Further study in patients with varying degrees of renal or
liver dysfunction is required.

A number of new anticoagulant medications will emerge over
the next 5–10 years for patients with thrombotic disease. For
example, in orthopaedic surgery, new agents or an extension of
standard prophylaxis with LMWH for 4 weeks has already been
established as significantly superior to standard 7–10-day postop-
erative prophylaxis. Nevertheless, ximelagatran is an exciting new
oral antithrombotic drug which it is hoped will benefit many
patients with venous and arterial thromboembolic disease.
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Addendum
The Cardiovascular and Renal Drug Advisory Committee of the Food and
Drug Administration (US) at its 10 September, 2004 meeting voted against
recommending ximelagatran “for both long-term medications of prevention
of stroke and other thrombo-embolic complications associated with atrial
fibrillation and secondary prevention of venous thrombo-embolism after
standard treatment for an acute episode” along with short term prevention
of VTE in patients undergoing knee replacement. The Committee members
were concerned about the high risk of liver toxicity in long term indications.

Overall, the Committee members agreed that ximelagatran demonstrated
efficacy in clinical studies and would be an important alternative to warfarin if
safety issues could be resolved. Based on currently available data, it is not
possible to identify patients at risk of developing severe liver toxicity after
being exposed to ximelagatran.
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• Ximelagatran has low potential for interactions with diet and other 
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