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The drawbacks of today’s entrenched
antithrombotic therapies are well
known. Most clinicians and even

many patients realize that the anticoagulant
effects of warfarin are highly unpredictable.
This vitamin K antagonist was first devel-
oped in the 1940s but remains the most
widely used oral anticoagulant in North
America.1 It is a leading cause of drug-relat-
ed emergency department visits and drug-
related adverse events in hospitals and in
the community.2-4 Given its inherent bleed-
ing risk, some hesitancy in prescribing war-
farin is not unexpected. Physicians are
especially reluctant to use anticoagulation in
elderly patients because of bleeding risk,
despite the fact that these patients are at
highest risk for stroke.

Some health systems help clinicians keep
their patients within warfarin’s narrow ther-
apeutic window by providing coordinated
clinical infrastructures for education, thera-
peutic monitoring, and dose adjustment.
Attempts to improve anticoagulation deliv-
ery and encourage home patient monitoring
must continue. But even assuming increased
investments in anticoagulation clinics and
other efforts to maximize outcomes with
warfarin, the practical problems related to
everyday clinical use of this drug will likely
continue to stymie any major progress in
reducing stroke or venous thromboem-
bolism (VTE). This is why about half of war-
farin-eligible patients with atrial fibrillation
(AF) still do not receive anticoagulation
therapy.5-7 And among AF patients who do
initiate warfarin, dosing often remains inad-
equate to provide real protection against
stroke.8 Aspirin is a safer alternative to war-
farin for stroke prevention, but it is much
less effective in patients with risk factors.9

Anticoagulant therapy in patients at risk
for deep vein thrombosis (DVT) and pul-
monary embolism (PE) is similarly encum-
bered. Extended thromboprophylaxis in

high-risk situations, such as after orthopedic
surgery, can be accomplished with warfarin
but, again, the convenience of oral therapy is
severely limited by the variable effects—
caused in part by interactions with food and
medications—and the related requirement
for careful coagulation monitoring to avoid
serious adverse effects.10 Low-molecular-
weight heparin (LMWH) or unfractionated
heparin also effectively lowers the risk of
VTE, but these agents require parenteral
administration, which has become increas-
ingly problematic because the recommended
duration of prophylaxis has been steadily
lengthening in patients with risk factors, such
as surgery, immobilization, trauma, recurrent
events, cancer, or inherited thrombophilia.1,11

With heparin, coagulation monitoring is also
often required and heparin-induced thrombo-
cytopenia is an additional risk that must be
considered. Several newer agents, such as
direct thrombin inhibitors (eg, desirudin, bi-
valirudin, and argatroban) and fondaparinux
sodium (ie, short-acting synthetic penta-
saccharide), have also been used for antico-
agulation, but these parenteral agents are
inconvenient for extended outpatient use.1,12

This is one reason why, based on their ability
to block both circulating and clot-bound
thrombin, most of the injectable direct
thrombin inhibitors have been developed for
use in specific inpatient settings, such as in
the management of heparin-induced throm-
bocytopenia and during percutaneous coro-
nary interventions.13,14 Fondaparinux, on the
other hand, has been studied in the preven-
tion of VTE after major orthopedic surgery as
well as in the treatment of acute VTE.15,16

This litany of problems associated with
warfarin, the heparins, and the injectable
direct thrombin inhibitors makes clear the
continuing need for novel antithrombotic
strategies. The preceding review article and
discussion in this supplement explored the
extent and the consequences of this long-

Preparing for the Post-warfarin Generation 
of Antithrombotics

CONCLUSION



Preparing for the Post-warfarin Generation of Antithrombotics

VOL. 10, NO. 10, SUP. THE AMERICAN JOURNAL OF MANAGED CARE S319

standing need for alternatives, especially in
ambulatory patients requiring stroke and
DVT/PE prevention. This final article will
introduce the pharmacology and emerging
clinical profiles of antithrombotic agents
that may soon simplify and improve preven-
tion of arterial and venous thrombosis in
day-to-day clinical practice. Many anticoag-
ulant drug classes have advanced to various
stages of clinical evaluation, if not approval
(Table). A number of innovative antiplatelet
drugs and drug combinations have also
recently been tested for use in stroke.
Targeted local delivery of various anticoagu-
lants or genes modulating coagulation to
highly thrombogenetic sites is another
attractive strategy of the future.17 This arti-
cle will focus on specific agents that have
moved closest to clinical release and that
show the most promise as practical replace-
ments for warfarin in the prevention of
stroke and DVT/PE.

Oral Direct Thrombin Inhibitors

Over the past decade, researchers have
elucidated many of the complex steps of the
coagulation cascade, and they have used
molecular modeling and structure-based
drug design to create new classes of drugs
that target specific steps in this pathway.
Because of its role as a central regulator in
coagulation, most notably the activation of
platelets and the cleavage of fibrinogen to
fibrin, thrombin has been a prime target in
the search for better oral anticoagulants.18,19

Unlike heparin, which acts by indirect
thrombin inhibition, several of the direct
thrombin inhibitors appear to have an
improved benefit-to-risk ratio as well as a
more attractive pharmacokinetic and phar-
macodynamic profile.12 Also, the direct
thrombin inhibitors do not require anti-
thrombin as a cofactor and do not bind to
plasma proteins, which leads to a more
predictable anticoagulant effect and less
interpatient variability in response.20 Two
oral direct thrombin inhibitors deserve
special mention because of their develop-
ment as prodrugs to allow convenient oral
administration.

Ximelagatran. Ximelagatran is an oral
direct thrombin inhibitor being developed as

an anticoagulant for the prevention and
treatment of thromboembolism. A prodrug,
it is rapidly absorbed and biotransformed
into its active form, melagatran. The active
drug has a half-life of 4 to 5 hours and can be
administered twice daily. Plasma levels of
melagatran increase linearly in relation to
the dose21 and the pharmacokinetic profile
is predictable and stable over time, with no
apparent effect because of age, obesity, eth-
nic origin, mild-to-moderate hepatic dys-
function, or food intake.12 Melagatran is not
metabolized through the hepatic cytochrome
P450 enzyme system, so it has a low poten-
tial for drug interactions.22 Clearance is pre-
dominantly through the kidney, suggesting a
need for dose reduction in patients with
severe renal dysfunction.23 This is a pharma-
cokinetic and pharmacodynamic profile that
suggests the possibility of oral administra-
tion with rapid onset of action and without a
need for routine therapeutic monitoring—a
hypothesis that has now been tested in sev-
eral controlled settings against traditional
warfarin therapy with anticoagulation moni-
toring.

Several large phase 3 trials have now
demonstrated the safety and efficacy of
twice-daily oral ximelagatran in the preven-
tion of stroke in AF patients and in the pre-
vention of VTE after orthopedic surgery. In
the Stroke Prevention using the Oral

Table. Emerging Anticoagulants

Inhibitors of coagulation initiation
Nematode anticoagulant peptide
Tissue factor pathway inhibitor
Active-site blocked factor VIIa

Inhibitors of coagulation propagation
Active-site blocked factor IXa
Antibodies against factor IX/IXa
Analogs of heparin (fondaparinux, idraparinux)
Direct factor Xa inhibitors
Protein C derivatives
Soluble thrombomodulin

Direct thrombin inhibitors
Recombinant hirudins (desirudin, lepirudin)
Bivalirudin
Argatroban
Dabigatran (oral)
Ximelagatran (oral)
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Thrombin Inhibitor in Patients with non-
valvular AF (SPORTIF) trial, one open-label
and the other double-blind, fixed-dose xime-
lagatran (36 mg twice daily) was at least as
effective as strictly controlled warfarin for
the prevention of stroke and systemic
embolism.24,25 The studies, which enrolled a
total of more than 7000 patients, were
designed as noninferiority trials. In the
open-label trial during a 17.4-month study
period, 56 patients (2.3%) taking warfarin
developed stroke or systemic embolism ver-
sus 40 patients (1.6%) in the ximelagatran
group (absolute risk reduction, 0.7%; P = .1).
Various composite end points occurred at
similar rates (Figure 1), but the combined
incidence of minor and major hemorrhages
was lower with ximelagatran than with war-
farin (29.8% vs 25.8%; relative risk reduction
14%; P = .007).24

Preliminary results from SPORTIF V sug-
gest outcomes similar to those of SPORTIF
III.25 In this double-blind study, the rate of
stroke and systemic embolism was 1.6% in
ximelagatran-treated patients, and 1.2% in
patients treated with warfarin. Rates of
intracranial hemorrhage (0.6% in each
group) and major bleeding complications
(ximelagatran 2.4% vs warfarin 3.1%) were
not clinically or statistically different.

In both SPORTIF III and SPORTIF V,
approximately 6% of patients developed an
increase in alantine aminotransferase, a
liver function test, while receiving ximelaga-
tran therapy. This observation, although
asymptomatic and reversible in 2 to 4 weeks
whether or not therapy is continued, needs
to be evaluated further. Liver function test
monitoring will likely be necessary during
the first 6 to 12 months of ximelagatran
therapy.

Ximelagatran has also been compared
with other antithrombotic agents after
orthopedic surgery. In European trials, oral
ximelagatran was preceded by subcutaneous
melagatran, whereas the US trials involved
only oral prophylaxis. As reported in recent
reviews of 6 major trials, ximelagatran has
demonstrated similar or superior efficacy
and safety compared with LMWH or well-
controlled warfarin therapy.12,26 In a major
US study of more than 1200 patients under-
going total knee replacement, for example,
the incidence of total VTE was significantly
lower in patients receiving ximelagatran 36
mg than in patients receiving warfarin
(20.3% vs 27.6%, P = .003) (Figure 2). The
rates of hemorrhagic complications with the
2 drugs were similar (major bleeding rates,
ximelagatran 0.8%, warfarin 0.7%).27

Given evidence of efficacy and safety
equivalent to warfarin, ximelagatran has the
potential to become the anticoagulant of
choice for patients with AF or those under-
going orthopedic surgery.12,26,28,29 Because
the clinical trials to date have all compared
this direct thrombin inhibitor with warfarin
administered and monitored under what are
generally considered ideal conditions, the
actual risk-benefit advantages of fixed-dose
ximelagatran in the real-world setting of
clinical practice may be even greater than
demonstrated in these formal study settings.
In SPORTIF III, for example, patients taking
warfarin were maintained within the inter-
national normalized ratio therapeutic range
66% of the time—a rate that, as emphasized
throughout the discussion in this supple-
ment, is higher than typically seen in com-
munity settings and comparable with
anticoagulation clinic management. How-
ever, a full review of the clinical evidence in

Figure 1. SPORTIF III: Fixed-dose Ximelagatran versus Dose-
adjusted Warfarin
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SPORTIF III indicates Stroke Prevention using the Oral Thrombin Inhibitor in
Patients with nonvalvular Atrial Fibrillation III; SEE, systemic embolic event;
ITT, intent to treat; SCC, serial correlation coefficients; MI, myocardial infarc-
tion; OT, on-treatment analysis; TIA, transient ischemic attack.
Source: Adapted from Lancet. 2003;362:1691-1698. Used with permission.
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various populations, including further evalu-
ation of this agent’s liver effects, is still war-
ranted. Also, the higher cost of this agent
will necessitate new comparisons of the rel-
ative cost advantages of switching to ximela-
gatran versus investing in more aggressive or
innovative anticoagulation compliance pro-
grams with warfarin. Such evaluations may
help identify risk-targeted populations in
whom ximelagatran would be most cost
effective.

Dabigatran etexilate. After oral adminis-
tration, this prodrug is rapidly converted to
its active form, known experimentally as
BIBR 953ZW, after oral administration. The
half-life of the active thrombin inhibitor is
15 hours and the drug is renally eliminated.
Preliminary dosing trials with dabigatran
etexilate indicate that once- or twice-daily
oral dosing may be possible, and the agent is
now in phase 2 trials.12 As with ximelaga-
tran, this oral direct thrombin inhibitor has
the potential to become a replacement for
warfarin in various clinical settings. Given
the medical community’s long history of
dosing and compliance problems with war-
farin, the possibility of a once-a-day fixed-
dose oral direct thrombin inhibitor is
especially attractive.

Once-weekly Subcutaneous
Pentasaccharide

Fondaparinux and idraparinux are syn-
thetic analogs of the active pentasaccharide
sequence in heparin and LMWH that binds
to antithrombin. With their higher affinity
for antithrombin than the naturally occur-
ring pentasaccharides, these agents lead to
high levels of factor Xa inhibition and
marked levels of antithrombotic activity in
animal models.30 Several large clinical com-
parative trials in the setting of orthopedic
surgery have shown fondaparinux to lower
rates of VTE significantly compared with
LMWH with comparable bleeding rates.15,31,32

Although fondaparinux has a half-life of only
17 to 21 hours and requires daily subcuta-
neous administration, idraparinux has a plas-
ma half-life of 80 hours,33 opening the door to
the possibility of once-weekly subcutaneous
injections. Other attractive pharmacokinetic
features of this agent relative to warfarin

include its lack of drug or food interactions
and the ability to offer a fixed-dose regimen
with no coagulation monitoring.1

In a recent phase 2 evaluation, once-
weekly administration of this second-gener-
ation synthetic factor Xa inhibitor (4
different dose levels) was as effective as war-
farin in reducing the thrombotic burden in
patients with proximal DVT.34 In 614 evalu-
able patients, the rates of normalization and
deterioration did not differ among the 5
treatment groups. There was a clear dose
response in major bleeding rates in patients
taking idraparinux (P = .003), but patients at
the lowest dose (2.5 mg) had less bleeding
than patients taking warfarin (P = .03). A
phase 3 open-label comparison of idraparin-
ux with dose-adjusted warfarin is currently
under way in patients with AF.35 If these and
other larger phase 3 trials show idraparinux
to be equivalent to warfarin in efficacy, and
at least as safe, then this once-weekly agent
may become a suitable alternative to war-
farin. Clinical settings requiring intermedi-
ate-length therapy (ie, therapy for weeks or
months after orthopedic surgery) might be
best suited to an agent requiring weekly
injections. In the setting of AF, for example,
such an agent might be most useful in man-
aging noncompliant patients or those with
impaired gastrointestinal absorption.35

Figure 2. Prevention of Venous Thromboembolism After
Total Knee Replacement: Fixed-dose Ximelagatran versus
Dose-adjusted Warfarin
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VTE indicates venous thromboembolism; DVT, deep vein thrombosis.
Sources: Adapted from Lancet. 2003;362:1691-1698. Used with permission.
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Aspirin plus Clopidogrel

In clinical practice, adjusted-dose war-
farin therapy is associated with 52% relative
risk reduction for stroke in AF patients com-
pared with no warfarin therapy.36 Despite its
lower efficacy, aspirin 325 mg daily is still
considered an alternative to oral anticoagu-
lation in certain low-risk patients (ie, those
with certain contraindications to warfarin).9

Aspirin permanently inactivates a key
enzyme in platelet arachidonic acid metabo-
lism, thereby limiting production of throm-
boxane A2, which normally amplifies platelet
activation signals and leads to irreversible
aggregation.37

Clopidogrel is a thienopyridine that in-
hibits platelets by selective inhibition of
receptors for adenosine diphosphate–induced
platelet aggregation.38 Until recently, clopido-
grel had mainly been used in high-risk
patients with coronary and cerebrovascular
disease who could not take aspirin or after
intracoronary stent placement.37

Thus, although the combination of aspirin
plus clopidogrel is now widely used in
patients with acute coronary syndromes, the
efficacy of this combination in stroke pre-
vention in patients with AF remains to be
determined in head-to-head trials with war-
farin and aspirin alone. Such trials have
been initiated.39 If the combination of
antiplatelet agents proves to have advan-
tages in efficacy or safety over aspirin alone
in patients with AF, this regimen may
become a new standard of therapy for
patients at lower risk for stroke or ineligible
for anticoagulant therapy; if the combina-
tion compares well with dose-adjusted war-
farin or with newer agents such as
ximelagatran, then even broader usage in AF
patients may be warranted.35

Summary

Several antithrombotic agents in devel-
opment have the potential to greatly simpli-
fy the management of patients with AF or at
risk for DVT/PE. Ximelagatran has already
completed several phase 3 clinical studies
in both of these high-risk, high-cost clinical
settings and is poised to become the first
practical alternative to warfarin. Although
the exact therapeutic roles of ximelagatran
and other novel antithrombotics further

back in the pipeline remain to be deter-
mined, the impact of these nonwarfarin
alternatives on the current labor-intensive
system of anticoagulation clinics seems cer-
tain. Most important, the introduction of
safer and equally effective oral anticoagu-
lants that do not require monitoring may
increase the percentage of high-risk
patients who actually receive preventive
therapy. If the institutional energy and
resources previously spent on anticoagula-
tion clinics, thrombotic disease manage-
ment, and quality benchmarking can now
be redirected to the delivery of the new gen-
eration of easier-to-administer and safer
antithrombotic agents, the potential to
increase rates of preventive therapy initia-
tion and adherence in managed care popu-
lations may be within reach. Given the
proven clinical value of anticoagulation, this
potential increase in the rate of prophylaxis
suggests the possibility that, even in the
face of a rapidly aging US population, we are
nonetheless entering into a period of
reduced morbidity, mortality, and costs
from stroke and DVT/PE.
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