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Abstract

Atrial fibrillation (AF) is the most common cardiac risk
factor for stroke. Oral anticoagulants such as the vitamin
K antagonist warfarin have been proven effective in re-
ducing the risk of stroke in AF. Warfarin, however, has
many disadvantages including the need for coagulation
monitoring, a narrow therapeutic index, inter-/intra-pa-
tient variability and food—-drug interactions. As a result,
warfarin is underused in clinical practice and a viable al-
ternative is needed. Ximelagatran, the first oral direct
thrombin inhibitor, is given as a fixed dose, does not
have a narrow therapeutic index, has low potential for
drug interactions, has no significant food interactions
and does not require coagulation monitoring. Ximelaga-
tran has been evaluated in the Stroke Prevention using
an ORal direct Thrombin Inhibitor in atrial Fibrillation
(SPORTIF) trial programme, the largest clinical trials of
antithrombotic therapy for stroke prevention in AF to
date. The phase lll trials, SPORTIF Ill and V, compared
ximelagatran (36 mg twice daily) with well-controlled
warfarin (international normalized ratio 2.0-3.0) in a
combined population of more than 7,000 moderate- to
high-risk AF patients. Data from SPORTIF Ill show an ab-
solute reduction in stroke and systemic embolic events

with ximelagatran compared with warfarin at 21 months
(1.6 vs. 2.3% per year, respectively; p =0.10). Preliminary
data from SPORTIF V appear to further support non-in-
feriority between the two agents. On-treatment analysis
of the rate of major bleeding events shows an absolute,
nonsignificant reduction in the event rate per year with
ximelagatran versus warfarin in both studies. The results
of SPORTIF lll and V demonstrate that a fixed oral dose
of ximelagatran, without coagulation monitoring, is
comparable to dose-adjusted warfarin in preventing
stroke and other thromboembolic complications among
moderate- to high-risk AF patients and has a lower rate
of both major and minor bleeding. With its positive ben-
efit-risk ratio, ximelagatran may increase the population
of eligible patients for anticoagulation with AF and max-
imize the potential of anticoagulation in the prevention
of stroke.

Copyright © 2005 S. Karger AG, Basel

Introduction

Atrial fibrillation (AF) is one of the most common car-
diac arrhythmias. Recent estimates using data from the
Framingham Heart Study suggest that men and women
older than 40 years have a 1:3 risk of developing AF dur-
ing their lifetime [1]. The incidence of AF increases rap-
idly with age so that the lifetime risk is similar in those
aged older than 80 years [1]. Furthermore, AF confers an
independent risk of stroke that is greater than that of cor-
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onary heart disease (CHD) or hypertension [2], such that
15% of all strokes occur in people with AF [3].

Risk factors for stroke in AF include previous stroke,
hypertension, heart failure (HF), increasing age, diabetes
and coronary artery disease (CAD) [4]. In addition, evi-
dence suggests that women with AF and CHD have a
higher risk of stroke and of mortality than men [5]. The
risk of stroke in AF increases dramatically with age: half
of all AF-associated strokes occur in patients older than
75 years, and in the Framingham Heart Study, the risk of
stroke attributable to AF increased from 1.5% in those
aged 50-59 years to 23.5% for those aged 80-89 years [2].
The prevalence of AF is predicted to increase 2.5-fold
between 2000 and 2050 [6], reflecting the ageing popula-
tion. Therefore the management of AF to prevent throm-
boembolism and consequent death and disability will as-
sume growing importance, particularly in high-risk popu-
lations.

Prevention of Stroke in Atrial Fibrillation:
Current Issues

Current treatment guidelines recommend the use of
oral anticoagulation therapy in AF to prevent thrombo-
embolism in patients older than 75 years of age, in pa-
tients older than 65 years with risk factors such as diabe-
tes, hypertension or CAD, and in patients of any age with
other risk factors such as HF, hypertension or prior stroke
(table 1) [7, 8]. The efficacy of the vitamin K antago-
nists — particularly warfarin — for reducing the risk of
stroke in AF is well established. A meta-analysis of the
use of dose-adjusted warfarin in primary and secondary
prevention trials found that warfarin reduced the risk of
stroke by 62% (95% CI, 48-72%) and the risk of all-cause
mortality by 26% (95% CI, 4-43%) compared with pla-
cebo [3]. In the same analysis, aspirin was less effective,
reducing the risk of stroke by 22% compared with pla-
cebo.

Despite compelling evidence from randomized, con-
trolled clinical trials for the efficacy of warfarin in patients
with AF who are most at risk of stroke, warfarin is un-
derused in clinical practice. Studies from around the
world highlight that warfarin is underused among eligible
patients, and that patients are rarely treated in accor-
dance with guidelines. In the USA, for example, estimates
of the proportion of patients treated according to guide-
lines range from 44 [9] to 79% [10]. Studies in the UK
show that in 1994, only 20% of appropriate patients re-
ceived warfarin [11], and by 1998, this proportion had
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Table 1. Risk stratification and anticoagulation in non-valvular
atrial fibrillation. Adapted from Lip GY, et al. Br Med J 2002; 325:
1022-1025 [8].

Assess risk, and reassess regularly
1 High risk (annual risk of CVA = 8-12%)

e All patients with previous transient ischaemic attack or
CVA

o All patients aged =75 with diabetes and/or hypertension
All patients with clinical evidence of valve disease, heart
failure, thyroid disease and/or impaired left ventricular
function on echocardiography!

2 Moderate risk (annual risk of CVA = 4%)

e All patients aged <65 with the clinical risk factors diabetes,
hypertension, peripheral arterial disease or ischaemic heart
disease

e All patients aged >65 who are not in the high-risk group

3 Low risk (annual risk of CVA <1%)

o All other patients <65 with no history of embolism, hyper-

tension, diabetes or other clinical risk factors

Treatment

High risk: give anticoagulation (vitamin K antagonists, dose-
adjusted to attain INR 2.0-3.0) if no contraindications and pos-
sible in practice

Moderate risk: either anticoagulation or aspirin 75-300 mg
In view of insufficient clear-cut evidence, treatment may be de-
cided on individual cases. Referral and echocardiography may
help.

Low risk: give aspirin 75-300 mg daily

CVA = Cerebrovascular accident.

! Echocardiography — not needed for routine risk assessment
but refines clinical risk stratification in case of impaired left ven-
tricular function and valve disease. A large atrium per se is not an
independent risk factor on multivariate analysis.

only increased marginally to 23% [12]. A study of patients
in general practice in the UK found that the target inter-
national normalized ratio (INR) for warfarin recom-
mended by the British Society for Haematology was only
being achieved in 41% of patients [13]. Furthermore, in
groups at the highest risk of stroke, such as those older
than 75 years, there is evidence that the use of warfarin
is even lower [14].

Why is warfarin not more widely used? There are a
number of factors associated with warfarin that limit its
use in those patients who could benefit. Warfarin has un-
predictable activity and is associated with serious safety
issues, including a risk of major bleeding that necessitates
regular coagulation monitoring. There is an annual rate
of severe bleeding of 1.2% in patients treated with warfa-
rin [3]. Warfarin has a narrow therapeutic index whereby
the risk of bleeding increases substantially as the INR in-
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in all subgroups

Fig. 1. Ideal characteristics of an antithrom-
botic agent in AF.

® Proven efficacy in AF,

® Predictable response

® Wide therapeutic window

® Low incidence and severity of
side effects and bleeding
(even in typical elderly AF patient)

® Low inter- and
intra-patient variability

Confidence

® Oral fixed dose

® No food or drug interactions

® Fast on- and offset of action

® Coagulation monitoring not required

® Easily appreciated and understood by AF patients

creases above the target of 2.0-3.0, but the risk of stroke
increases below this range [15]. Furthermore, age is one
of the most powerful predictors of bleeding complications
with warfarin [16] — meaning that the risk of bleeding is
highest in those most at risk of stroke. Warfarin is associ-
ated with numerous food and drug interactions [17], with
the result that patients with comorbidities (and in some
cases a consequent increased risk of stroke) may be ex-
cluded from the benefits of prophylactic anticoagulant
therapy. These limitations and the need for regular mon-
itoring of warfarin’s coagulation effect mean that many
physicians and patients are reluctant to start treatment.
This had led to wide variation (and disagreement) among
UK consultants regarding the best treatment strategies
for AF [18, 19].

The Need for New Treatment Options

With the limitations of current oral anticoagulants,
how can thromboprophylaxis in AF be optimized, and
what is required for the ‘ideal’ antithrombotic agent? Fig-
ure 1 summarizes what might be considered as ideal char-
acteristics for a new antithrombotic agent in AF. Not only
is a drug required with proven efficacy in all subgroups
of AF patients and with a predictable response, it also
needs to have the convenience of an oral fixed dose, a lack
of food or drug interactions, no requirement for coagula-
tion monitoring, and a fast on- and offset of action. It is
also important that the treatment is appreciated and un-
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derstood by patients with AF, as many patients do not
know why they are taking warfarin, let alone the impor-
tance of taking it regularly and the need for INR monitor-
ing [20]. Finally, it is essential that the agent is well toler-
ated, does not have a narrow therapeutic window, has a
low incidence and severity of side effects and bleeding,
and has low inter- and intra-patient variability.

Does such an ideal agent exist? Ximelagatran, the first
oral agent in the new class of direct thrombin inhibitors,
may potentially be such an antithrombotic agent for AF,
as supported by data from the Stroke Prevention using
an ORal direct Thrombin Inhibitor in atrial Fibrillation
(SPORTIF) trial programme. The SPORTIF programme
investigated the efficacy and safety of ximelagatran for
prevention of stroke in AF, and is the largest such study
of antithrombotic therapy for stroke prevention in AF yet
undertaken [21].

SPORTIF Ill and V: Study Design

The phase 11l trials of ximelagatran, SPORTIF III and
V, compared ximelagatran with warfarin in patients with
non-valvular AF and one or more risk factors for stroke
[21]. The objective was to demonstrate the non-inferior-
ity of ximelagatran compared with warfarin. Both were
randomized, multi-centre, parallel-group studies that
were identical in design except that SPORTIF V was dou-
ble blinded whereas SPORTIF III was open label, and
SPORTIF V was conducted at 409 sites in North Amer-
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ica, while SPORTIF III took place in 259 sites in Europe,
Asia and Australasia [21]. While the trials were run inde-
pendently, their similar designs allowed a pre-defined
pooling of results [21]. Patients were randomized to re-
ceive ximelagatran (36 mg twice daily) or dose-adjusted
warfarin (INR 2.0-3.0), for a minimum per-patient ex-
posure of 12 months [21]. The mean duration of treat-
ment was 17 months in SPORTIF III (n = 3,407) and 20
months in SPORTIF V (n = 3,922), with primary analysis
based on intention to treat [21]. The primary end point
in both studies was the incidence of stroke and systemic
embolic events [21].

Considering the combined population from both stud-
ies, approximately 90% had persistent AF and the popu-
lation overall was at substantially higher risk of stroke
[21]. The majority (~70%) were males and the mean age
was 71 * 8.9 years. Almost 80% were hypertensive and
25% had had a prior stroke or transient ischaemic attack.
More than 70% of patients had two or more of the follow-
ing risk factors for stroke in addition to AF: prior stroke;
age greater than 75 years; left ventricular dysfunction or
congestive heart failure; hypertension; and age greater
than 65 years with CAD or diabetes.

An important aspect of the SPORTIF trials was the
quality of warfarin control. The proportion of patients
receiving warfarin who were within the target INR range
of 2.0-3.0 was 66 and 68% in SPORTIF III [22] and
SPORTIF V [23], increasing to 81 and 83%, respectively,
within an INR range of 1.8-3.2. This is a substantially
higher degree of dose control than is seen in clinical prac-
tice [13] or in many previous trials [24], and allows a
comparison of ximelagatran with well-controlled warfa-
rin.
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SPORTIF Il and V: Efficacy Results

Published results from the open-label SPORTIF III
trial indicate that ximelagatran is at least as effective as
warfarin in the prevention of stroke in AF [22]. In the
intent-to-treat analysis there was a nonsignificant abso-
lute reduction in the cumulative event rates for the pri-
mary end points of stroke and systemic embolism at 21
months in the ximelagatran compared with the warfarin
group (1.6 vs. 2.3% per year, respectively; p = 0.10),
equivalent to a relative risk reduction of 29% (fig. 2) [22].
The publication of detailed results from SPORTIF V and
from a pre-planned pooled analysis of SPORTIF III and
V is pending. However, preliminary data from SPORTIF
V appear to further support non-inferiority between the
two agents, showing no significant difference in primary
events between the two treatment groups at 24 months:
1.6% per year in the ximelagatran group vs. 1.2% per year
with warfarin (p = 0.13) [23].

SPORTIF lll and V: Safety

On-treatment analysis of the rate of major bleeding
events in SPORTIF III and V shows an absolute, non-
significant reduction in the event rate per year with ximel-
agatran versus warfarin in both studies (fig. 3) [22, 23].
However, ximelagatran produced a statistically signifi-
cant reduction in the composite end point of major and
minor bleeds compared with warfarin [22, 23].

An increased incidence of elevated liver enzyme levels
(defined as an alanine transaminase rate of three times
the upper limit of normal) was seen in the ximelagatran
group compared with the warfarin group in both trials: in
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Fig. 3. Major bleeding events in SPORTIF IIl and V (on-treatment
analysis) [22, 23]. NS = Nonsignificant. Adapted from Albers GW,
on behalf of the SPORTIF Investigators. American Academy of
Neurology 2004 [26].

SPORTIF III the incidence was approximately 6 vs. 1%,
respectively [22], with similar results in SPORTIF V (6
vs. 0.8%) [23]. These occurred in the first 6 months of
treatment and typically tended to be transient and to re-
solve spontaneously, whether or not the drug was contin-
ued or discontinued. Based on these findings and similar
liver enzyme changes reported from other ximelagatran
trials in venous and arterial thrombosis, it is likely that
liver function testing will be required when a patient is
started on ximelagatran therapy.

SPORTIF Il and V: Net Clinical Benefit

What do the results of SPORTIF III and V mean to our
patients? What is the net clinical benefit to the patient in
terms of prior events, risk of bleeding and mortality? The
net clinical benefit demonstrated by ximelagatran com-
pared with warfarin can be calculated in terms of the com-
posite effect on primary events (stroke and systemic em-
bolism), major bleeding events and mortality (fig. 4). Re-
sults from SPORTIF III demonstrated that treatment with
ximelagatran in high-risk patients with AF results in a sta-
tistically significant reduction in stroke and systemic em-
bolism, major bleeding events and mortality of 26% com-
pared with warfarin (4.6 vs. 6.2% per year; p = 0.019) [22].
Preliminary results from SPORTIF V show a nonsignifi-
cant relative risk reduction of 7% with ximelagatran com-
pared with warfarin (5.8 vs. 6.3% per year; p = 0.527) [25].

Preventing Stroke in Atrial Fibrillation

Fig. 4. Net clinical benefit in SPORTIF III and V, calculated as
relative risk reduction in cumulative events of stroke and systemic
embolism, major bleeding and death [22, 25]. Adapted from Hal-
perin JL, for the Executive Steering Committee on behalf of the
SPORTIF V investigators. American Heart Association 2003 [25].

Conclusions

Warfarin, a treatment with proven efficacy in the pre-
vention of stroke in AF, is associated with significant safe-
ty issues and inconveniences, including the need for fre-
quent coagulation monitoring and numerous food- and
drug—drug interactions. Because of the limitations of war-
farin, it is underused in clinical practice and many pa-
tients do not receive appropriate or effective prophylaxis.
Trials with ximelagatran, the first oral direct thrombin
inhibitor, suggest that this agent may offer a promising
alternative to warfarin. The results from SPORTIF V
support previous findings from SPORTIF III in demon-
strating the comparable efficacy of ximelagatran and well-
controlled warfarin in the prevention of stroke in AF. In
addition, they confirm the lower risk of bleeding con-
ferred by ximelagatran. Results from SPORTIF III and
V suggest that ximelagatran offers a net clinical benefit in
terms of prevention of primary events, bleeding and mor-
tality that is superior to warfarin. Together with the con-
venience of fixed oral dosing and elimination of the need
for coagulation monitoring, SPORTIF III and V demon-
strate the potential of ximelagatran as a new option to
improve treatment outcomes in AF through consistent
and predictable anticoagulation, and, crucially, to in-
crease the proportion of patients eligible for prophylactic
anticoagulant therapy.

Pathophysiol Haemost Thromb 29
2005;34(suppl 1):25-30



»>

>3

>4

»5

»>6

»7

References

Lloyd-Jones DM, Wang TJ, Leip EP, Larson
MG, Levy D, Vasan RS, D’Agostino RB, Mas-
saro JM, Beiser A, Wolf PA, Benjamin EJ: Life-
time risk for development of atrial fibrillation:
The Framingham Heart Study. Circulation
2004;110:1042-1046.

WolfPA, Abbott RD, Kannel WB: Atrial fibril-
lation as an independent risk factor for stroke:
The Framingham Study. Stroke 1991;22:983-
988.

Hart RG, Halperin JL: Atrial fibrillation and
thromboembolism: A decade of progress in
stroke prevention. Ann Intern Med 1999;131:
688-695.

Echocardiographic predictors of stroke in pa-
tients with atrial fibrillation: A prospective
study of 1066 patients from 3 clinical trials.
Arch Intern Med 1998;158:1316-1320.

Wolf PA, Mitchell JB, Baker CS, Kannel WB,
D’Agostino RB: Impact of atrial fibrillation on
mortality, stroke, and medical costs. Arch In-
tern Med 1998;158:229-234.

Go AS, Hylek EM, Phillips KA, Chang Y,
Henault LE, Selby JV, Singer DE: Prevalence
of diagnosed atrial fibrillation in adults: Na-
tional implications for rhythm management
and stroke prevention: The AnTicoagulation
and Risk Factorsin Atrial Fibrillation (ATRIA)
Study. JAMA 2001;285:2370-2375.

Fuster V, Ryden LE, Asinger RW, Cannom
DS, Crijns HJ, Frye RL, Halperin JL, Kay GN,
Klein WW, Levy S, McNamara RL, Prys-
towsky EN, Wann LS, Wyse DG: ACC/AHA/
ESC guidelines for the management of patients
with atrial fibrillation. A report of the Ameri-
can College of Cardiology/American Heart As-
sociation Task Force on Practice Guidelines
and the European Society of Cardiology Com-
mittee for Practice Guidelines and Policy Con-
ferences (Committee to develop guidelines for
the management of patients with atrial fibrilla-
tion) developed in collaboration with the
North American Society of Pacing and Electro-
physiology. Eur Heart J 2001;22:1852-1923.
Lip GYH, Hart RG, Conway DS: Antithrom-
botic therapy for atrial fibrillation. Br Med J
2002;325:1022-1025.

»9

»10

> 11

>12

>13

> 14

»15

»16

»17

> 13

»19

Albers GW: Atrial fibrillation and stroke.
Three new studies, three remaining questions.
Arch Intern Med 1994;154:1443-1448.
Gottlieb LK, Salem-Schatz S: Anticoagulation
in atrial fibrillation. Does efficacy in clinical
trials translate into effectiveness in practice?
Arch Intern Med 1994;154:1945-1953.

Lip GYH, Tean KN, Dunn FG: Treatment of
atrial fibrillation in a district general hospital.
Br Heart J 1994;71:92-95.

Sudlow M, Thomson R, Thwaites B, Rodgers
H, Kenny RA: Prevalence of atrial fibrillation
and eligibility for anticoagulants in the com-
munity. Lancet 1998;352:1167-1171.

Casey M, Hanley K: A measurement of the ef-
ficacy of anticoagulation monitoring in a gen-
eral practice based setting. Ir Med J 2001;94:
245-246.

Brophy MT, Snyder KE, Gaehde S, Ives C, Ga-
gnon D, Fiore LD: Anticoagulant use for atrial
fibrillation in the elderly. J Am Geriatr Soc
2004;52:1151-1156.

Hylek EM, Skates SJ, Sheehan MA, Singer DE:
An analysis of the lowest effective intensity of
prophylactic anticoagulation for patients with
nonrheumatic atrial fibrillation. N Engl J Med
1996;335:540-546.

The Stroke Prevention in Atrial Fibrillation In-
vestigators: Bleeding during antithrombotic
therapy in patients with atrial fibrillation. Arch
Intern Med 1996;156:409-416.

Wells PS, Holbrook AM, Crowther NR, Hirsh
J: Interactions of warfarin with drugs and food.
Ann Intern Med 1994;121:676-683.
Williams E, Ansari M, Lip GY: Managing atri-
al fibrillation in the Accident and Emergency
department. QIM 2001;94:609-614.

Lip GYH, Zarifis J, Watson RD, Beevers DG:
Physician variation in the management of pa-
tients with atrial fibrillation. Heart 1996;75:
200-205.

30

Pathophysiol Haemost Thromb

2005;34(suppl 1):25-30

»20

»21

»22

23

»24

25

26

Lip GYH, Kamath S, Jafri M, Mohammed A,
Bareford D: Ethnic differences in patient per-
ceptions of atrial fibrillation and anticoagula-
tion therapy: The West Birmingham Atrial Fi-
brillation Project. Stroke 2002;33:238-242.
Halperin JL: Ximelagatran compared with
warfarin for prevention of thromboembolism
in patients with nonvalvular atrial fibrillation:
Rationale, objectives, and design of a pair of
clinical studies and baseline patient character-
istics (SPORTIF III and V). Am Heart J 2003;
146:431-438.

The Executive Steering Committee on behalf
of the SPORTIF III Investigators: Stroke pre-
vention with the oral direct thrombin inhibitor
ximelagatran compared with warfarin in pa-
tients with non-valvular atrial fibrillation
(SPORTIF III): Randomised controlled trial.
Lancet 2003;362:1691-1698.

The Executive Steering Committee on behalf
of the SPORTIF V Investigators: Stroke pre-
vention using the oral direct thrombin inhibi-
tor ximelagatran in patients with nonvalvular
atrial fibrillation (SPORTIF V). Circulation
2003;108(supplement):2723 (J).

Hart RG, Benavente O, McBride R, Pearce
LA: Antithrombotic therapy to prevent stroke
in patients with atrial fibrillation: A meta-anal-
ysis. Ann Intern Med 1999;131:492-501.
Halperin JL for the Executive Steering Com-
mittee on behalf of the SPORTIF V investiga-
tors. Stroke prevention using the oral thrombin
inhibitor ximelagatran in patients with atrial
fibrillation (SPORTIF V). American Heart As-
sociation. Orlando, Florida, 9-12 November
2003.

Albers GW on behalf of the SPORTIF Investi-
gators. Ximelagatran, an oral direct thrombin
inhibitor, compared with dose-adjusted warfa-
rin for primary and secondary stroke preven-
tion in patients with AF. American Academy
of Neurology. San Francisco, California. Oral
presentation available at http://strokecenter.
stanford.edu/docs/AANO4_SP_V _final.ppt
[accessed October 2004], 24 April-1 May
2004.

Lip





