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o _ INTRODUCTION _
Venous thromboembolism continues to be a significant problem in hospitalized patients.1 According to Geerts € al,,
"The rationale for thromboprophylaxis is based on the high prevalence of venous thromboembolism among hospi-
talized patients, the clinically silent nature of the disease in the majority of patients, and the morbidity, costs and
potential mortality associated with unprevented thrombi."2-3 Approximately two million Americans suffer from deep
vein thrombosis (DVT) each year,* but because most of these clots are silent, the true incidence is actually unknown.
In addition to the acute thrombotic event with its inherent morbidity and time missed from work, the late sequelae
from even properly treated thrombi can present as venous stasis and leg ulcers.

Thromboembolic disease is responsible for approximately 200,000 deaths annually in the United States alone.5
The elderly are at highest risk, with a one-year mortality approaching 21%6 Although excellent drugs are currently
available to prevent and treat DVT, an investigation into new drugs with new targets and designer end points of anti-

coagulation seemed clinically relevant and timely.

The following paper will discuss the different antithrombotic/anticoagulant agents that have been used in clini-
cal trials at The Methodist Hospital in Houston, Texas. Several of the trials have been successfully completed and
featured in medical publications such as the New England Journal of Medicine and The Lancet.

NEW ANTITHROMBOTIC

- STRATEGIES

According to a review by Hirsh and
Weitz, "anticoagulant strategies to block
rhrombogenesis have focused on inhib-
iting thrombin, preventing chrombin
generation, or blocking che initiation
of coagulation" (Figure 1).” The drugs
scudied at The Methodist Hospital will
be discussed in chronological order,
wich che first new class o fanticoagulant
drugs being one ofthe Factor Xa inhibi-
tors, pemasaccharide.

FONDAPARINUX
Fondaparinux i the first o fa new class of
antithrombotics: the synthetic inhibitors
of Factor Xa (SIXa). Originally termed
ORG31540/SR901074A, fondaparinux
is a unique and novel pencasaccharide
produced by total chemical synthesis
and designed specifically to bind its
target, the protein antithrombin, with
very high affinity. Fondaparinux (trade
name Arixrra) is obtained exclusively
by chemical synthesis from basic build-
ing blocks synthesized from glucose,
glucosamine and cellobiose. Ir has guar-

anteed barch-ro-batch consistency that
eliminates the risk of contamination by
pathogenic agems.?8

Methodist physicians participated in
the drug's Phase II and Phase III trials,
with ours being the largest enrolling site
worldwide in the Phase II Pentathlon
trial. Phase 116 studies, which included
more than 900 patients undergoing
total hip replacement surgery and 400
undergoing knee replacement surgery,
demonstrated statistically significant
dose-dependent reductions in the risk
of DV T with this agent9

We also participated in a multi-center,
double-blinded, dose-ranging Phase II
study to determine optimal dosing in
933 patients undergoing primary total
hip replacement surgery. o Figures 2 and
3 outline the efficacy and safety results
from this trial.11 Following this were
four Phase III trials-randomizing more
than 7,000 patients on five continents-
which demonstrated that once-daily
fondaparinux in a 2.5 mg subcutane-
ous dose reduced the risk of overall
DV T by 50% compared with the estab-
lished standard of care (enoxaparin) in

patients undergoing major orthopedic
surgery.'? These trials provided signifi-
cant support o f fondaparinux and were
the basis of eventual FDA approval of
the drug in orthopedic populations.

XIMELAGATRAN
A prodrug of the active site-directed
thrombin inhibitor melagatran, ximel-
agatran is absorbed from the small
intestine and was the next drug to be
studied in orthopedic populations at The
Methodist Hospital.13 Ximelagatran
has a plasma half-life of three to four
hours and was administered in a twice-
daily dose. This drug was considered a
savior in the anticoagulation world as i
has no food or drug interactions and,
due to its very predictable response, did
not appear © require any anticoagulant

monitoring.

To evaluate the utility of this drug
in North American orthopedic popula-
tions, we participated in the Platinum
hip and knee trials. The Platinum
Hip Trial randomized 1557 patients
with adequate venography undergoing
total hip replacement to receive oral
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Sites of Action of New Anticoagulants
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Figure 1. Steps in blood coagulation. Initiation of coagulation is triggered by the factor
Vlia/tissue factor complex (VllafTF), which activates factor X (IX) and factor X (X).
Activated factor X (Xa) propagates coagulation by activating factor X in a reaction that
utilizes activated factor VIl (Vlia) as a cofactor. Activated factor X (Xa), with activated
factor V (Va) as a cofactor, converts prothrombin (ll) to thrombin (lla). Thrombin then
converts fibrinogen to fibrin. Tissue factor pathway inhibitor (TFPI) and nematode
anticoagulant peptide (NAPc2) target VilafTF, whereas synthetic pentasaccharide and
DX-9065a inactivate Xa. Hirudin, bivalirudin, argatroban, and H376/95 inactivate lia.

ximelagacran (24 mg owlce daily) or
enoxaparin (30 mg SQ cwice daily)
for seven to 12 daysl4 The results of
the trial showed thac enoxaparin was
superior to ximelagatran when started
postoperatively in the 24-mg, twice-
daily dosage. Further trials altered rhe
dosages o fximelagatran to 36 mg cwice
a day with an additional subcutaneous
dose given on rhe day of surgery, which
chen demonstrated superiority over
rhe enoxaparin regimenl5 However,
release of the drug in the U.S. market
has been delayed due to FDA safety
concerns regarding liver enzyme eleva-
tions that occurred in longer-term aerial
fibrillation trials.

) IDRAPARINUX _
A more highly sulfated derivative of
fondaparinux, idraparinux is an mves-
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cigarional drug with a half-life of 150
hours. This promising and sophisti-
cated new anticoagulant, to be studied
in acute DVT and pulmonary embo-
lism patients, was presenred to us in
the Van Gogh crials by Sanofi Aventis.
In a Phase II trial performed elsewhere,
idraparinux therapy was compared with
warfarin therapy in 659 patiencs with
acute proximal DVT.! After five to
seven days of initial treatment with
enoxaparin, patiencs were randomized
to receive once-weekly subcutaneous
doses of idraparinux (2.5, 5.0, 75 or
10 mg) or warfarin for 12 weeks. The
primary end point, changes in compres-
sion ultrasound or new findings on
perfusion lung scans, was similar in all
o fthe idraparinux groups and no differ-
ent in the warfarin group.”

Based on the above results and the

face chat there was less bleeding in the
lowest-dosage idraparinux group than
in the warfarin group, the 2.5 mg, once-
weekly dose of idraparinux was chosen
for the Phase III trials. The Van Gogh
DVT and pulmonary embolism trials
are now completed, with the data to be
reviewed and published.

SOLUBLE

B THROMBOMODULIN_
The Methodist Hospital was next
recruited by the Hamilton, Ontario
group to participate in the soluble
thrombomodulin trial. Figure 1 reveals
where thrombomodulin affects propa-
gation of thrombin. The initiation of
coagulation is rriggered by che tissue
factor/factor VIia complex char activates
factor I X and factor X. Accivated factor
[ X propagates coagulation by activating
factor X in a reaction utilizing factor
VIII as a cofactor. Activated procein C
chen blocks the propagation of coagu-
lation by inactivating factors Va and
VIlla at the thrombin/chrombomodu-
lin site. Protein C and thrombomodulin
also target chis seep: According to Weitz
e al.,, "soluble rhrombomodulin binds
thrombin and induces a conformational
change in the active site of che enzyme
char converts Ir inco a potent activator of
protein C."V

In an open-label, dose-escalating
scudy, soluble thrombomodulin posi-
tively affected coagulation abnormalities
in patients with disseminated imravas-
cular coagulation.18 After these results
were demonstrated, the Canadian group
organized a Phase II dose-ranging study
in patiencs undergoing elective total hip
replacement surgery.19 Patients were
given chrombomodulin subcutane-
ously (0.3 or 045 mg/kg) cwo to four
hours after surgery, and patients receiv-
ing the lower rhrombomodulin dosage
received anocher dose five days later.
The primary end poinc, a composite
of venographically detected and symp-
tomatic chromboembolism,
occurred in only 4.3% of chose patients
receiving the lower dose and in none
of the 9 patients in che higher-dose
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Figure 2. Efficacy results from fondaparinux Phase | dose-finding study n patients
with total hip replacement. Data are expressed as percent of treated patients with
venous thromboembolism. Enrollment in the 6 mg and 8 mg groups was discontin-
ued early after an increase i bleeding incidence was noted.
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Figure 3. Safety results from fondaparinux Phase | dose-finding study in patients
with total hip replacement. Data are expressed as percent of treated patients with
major bleeding. Enroliment in the 6 and 8 mg groups was discontinued early because
of this complication.

group.” Phase III trials will next be
required ® compare ART-123 (soluble
thrombomodulin) to either enoxaparin
or fondaparinux.

CONCLUSION —
Recently developed, highly selective,
novel therapeutic agents such as those
explored in our trials can optimize anti-
thrombotic efficacy and improve the
prevention of hemorrhagic complica-
tions. It is hoped that The Methodist
Hospital's participation in several land-
mark trials - with particular attention
@ patient care and safety - will lead
to the development of new and possibly
better ancicoagulancs that ultimately
have a positive benefit for the future of
medicine.

REFERENCES
L Bergmann JF, Elkharrat D. Prevention of

venous thromboembolic risk in non-surgi-
cal patients. Haemostasis. 1996;26 Suppl
2:16-23.

2. Geem WH, Heit JA, Clagett GP, Pineo
CF, Colwell CW, Anderson FA Jr, et al
Prevention of venous thromboembolism.
Chest. 2001 Jan;JJ9(1 Suppl):1325-175S.

3. Prandoni P, Lensing AW, Cogo A, Cuppini
S, Villalta S, Carta M, et al. The long-
term clinical course ofacute deep venous
thrombosis. Ann Intern Med. 1996 Jul
1;125(1):1-7.

4. Hirsh |, Hoak ] Management of deep
vein thrombosis and pulmonary embolism.
A statement for health care professionals.
Council on Thrombosis (in consultation with
the Council on Cardiovascular Radiology),
American Heart Association. Circulation.
1996Jun 15; 93(12):2212-45.

5. Ferris E] George W Holmes Lecture.
Deep vein thrombosis and pulmonary
embolism: correlative evaluation and thera-
peutic implicatiom. Am J Roentgenol. 1992
Dec;159(6): 1149-55.

6. Kniffin WD Jr, Baron JA, Barrett j,
Birkmeyer JD, Anderson FA Jr. The epide-
miology o fdiagnosed pulmonary embolism
and deep vein thrombosis in the elderly.
Arch Int Med. 1994 Apr 25:154(8):861-6.

7 Weilzl Hirsh] New anticoagulant drugs.
Chest. 2001 Jan;119(1Suppl):95S-1078.

I 12006 I JMDIIC



8  Casu B. Structure and biological activity o f

10.

11.

12.

13.

14.

15.

16.

heparin. Adv Carbohydr Chem Biochem.
1985;43:51-134.

Herbert JM, Petitou M, Lormeau JC,
Cariou R, Necciari], Magnani HN, et al.
SR 90107A/Org 31540, a novel anti-factor
Xa antithrombotic agent. Cardiovasc D, ,,
Rev. 1997;15:1-26.

Turpie AG, Gallus AS, Hoek JA. A
synthetic pentasaccharide for the preven-
tion o fdeep-vein thrombosis after total hip
replacement. N Engl ] Med. 2001 Mar
1,344(9):619-25.

Muntz JE. Fondaparinux for Prophy-
laxis. Techniques in Orth, ,aedics. 2004
Dec;19(4):278-82.

Turpie AG, Bauer KA, Eriksson BJ, Lassen
MR. Fondaparinux 1s enoxaparin for the
prevention of venous thromboembolism in
major orthopedic surgery: a meta-analy-
sis of4 randomized double-blind studies.
Arch Intern Med. 2002 Sep 9;162(16):
1833-40.

Gustafison D, Nystrom ], Carlsson S, Bred-
berg U Eriksson U Gyzander E, et al
The direct thrombin inhibitor melagatran
and its oral prodrug H 376195: intesti-
nal absorption properties, biochemical and
pharmacodynamic effects. Throm Res. 2001
Feb 1;101(3):171-81.

Colwell CW, Berkowitz SD, Davidson BL,
Lotke PA, Ginsberg]S, Lieberman JR, et
al. Randomized, double-blind, comparison
of ximelagatran, an oral direct thrombin
inhibitor, and enoxaparin to prevent venous
thromboembolism after total hip arthro-
plasty [abstract]. Blood. 2001;98:2952.
Francis CW, Berkowitz SD. Comp PC,
Lieberman JR, Ginsberg]S, Paiement G,
et al. Comparison ofximelagatran with
warfarin for the prevention of venous
after  total
replacement. N Engl ] Med. 2003 Oct
30;349(18):1703-12.

Buller HR, Cohen AT, Lensing AW, Prins
MH, Monreal M. Schulman S, et al.; The
PERSIST Investigators. A novel long-acting
synthetic Xa inhibitor (SanOrg34006)

replace warforinfor secondary prevention in

thromboembolism knee

deep vein thrombosis: a Phase I1 evaluation.
J Thromb Haemost. 2004 Jan;2.-47-53.
Erratum: J Thromb Haemost. 2004

Mar;2(3):540.

JMDHC 1 I (1) 2006

I7.

18.

19.

Weitz JI, Hirsh J, Samama MM. New
anticoagulant drugs: the Seventh ACCP
Conference on Antithrombotic and Throm-
bolytic Therapy. Chest. 2004 Sep:126(3
S11ppl}:265S-2868.

Maruyama L Recombinant thrombo-
modulin and activated protein C in the
treatment of disseminated intravascular
Thromb Haemost. 1999
Aug:82(2):718-21.

Kearon C, Comp P, Douketis ], Royds R,
Yamada K. Gent M. Dose-response study
of recombinant human soluble thrombo-
modulin (ART-123) in the prevention of
venous thromboembolism after total hip
replacement. | Thromb Haemost. 2005
May:3(5):962-8.

coagulation.





