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Abstract: Dalteparin is a low molecular weight
heparin (LMWH) with a mean molecular weight
of approximately 5,000. As with the other low
molecular weight heparins, dalteparin has certain
advantages over unfractionated heparin (UFH)
most important of which are improved bio-avail-
ability by subcutaneous injection, a prolonged
antithrombotic activity which is highly correlated
with body weight permitting the once daily ad-
ministration of the drug. Other possible advantag-
es of LMWH including dalteparin include a lower
incidence of heparin induced thrombocytopenia
and thrombosis and decreased tendency to pro-
duce osteopenia on prolonged administration.

Dalteparin has been subjected to a large number
of well designed randomised clinical trials for the
prevention and treatment of venous thromboem-
bolism. Based on data from the randomised clini-
cal trials, dalteparin has been approved interna-
tionally for a wide spectrum of clinical indica-
tions. 
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DALTEPARIN: 
INTRODUCTION TO THE COMPOUND

CHEMISTRY

Dalteparin sodium is a sulphated polysaccharide
obtained by partial nitrous acid depolymerization
from standard UFH of porcine origin. The mean
molecular weight of dalteparin is approximately
5.7kD [1, 2]. The anticoagulant effect of LMWHs
such as dalteparin differs from that of heparin.
The main anticoagulant effect of heparin is due to
the presence of the pentasaccharide sequence with
a high affinity for antithrombin [3, 4]. Heparin
must bind to antithrombin and thrombin simulta-
neously to form a ternary complex in order to in-
activate thrombin. The accelerated inactivation of
activated factor X (Xa) by heparin and antithrom-
bin is less dependent on binding to the enzyme
[3]. Heparin molecules with fewer than 18 saccha-

rides or molecular weight of 5kD such as the
LMWHs are unable to bind thrombin and anti-
thrombin simultaneously resulting in an increase
in the ratio of anti-factor Xa to anti-factor IIa ac-
tivities [1, 2]. For dalteparin this ratio is 2.5:1
compared with UFH which has an anti-factor Xa
to anti-factor IIa activity ratio of 1:1. 

The antithrombotic effect of UFH is assessed
by its ability to prolong the activated partial
thromboplastin time (APTT). Prolongation of the
APTT is associated with the higher molecular
weight fragments of LMWH and may reflect the
undesirable hemorrhage inducing properties of
heparin [2]. Because of the shorter side chain
lengths and the reduced anti-factor IIa effects of
LMWH relative to UFH, the antithrombotic effi-
cacy of the LMWHs including dalteparin is meas-
ured in terms of their ability to inhibit factor Xa,
[5, 6] although there is evidence that the activated
clotting time may be useful for monitoring the
anti-coagulant [7] effect of low-molecular-weight
heparin (dalteparin) during coronary artery inter-
ventions. The doses of dalteparin for both preven-
tion and treatment of venous thomboembolism
[3] or coronary indications [8] are expressed in
units of anti-factor Xa activity relative to the first
International Standard for LMWHs, the reference
standard adapted for LMWH by the World
Health Organization in 1988 [6].

Unfortunately the anti-Xa activity of a LMWH
does not predict its anti-thrombotic or hemor-
rhagic effects in patients being treated for venous
thromboembolism. It seems clear that the
LMWHs function through a mechanism only par-
tially related to the anti-Xa and IIa activity of the
drug. The anti-thrombotic half-life of intravenous
dalteparin in man as measured using the Wessler’s
stasis technique is significantly longer than the
plasma half-life measured by the anti-Xa or anti-
IIa activity (5 to more than 8 hours versus 1.6 to
2.4 hours for anti-Xa levels and 1 to 1.4 hours for
anti-IIa respectively) [9]. Measurement of anti-Xa
levels have been recommended in certain clinical
circumstances such as in patients with mild to
moderate renal failure, [10] patients who are mor-
bidly obese and patients who bleed on LMWH
treatment. In a recent study in patients in inten-
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sive care units anti-Xa levels were measured 2-4
hours after administration of 5,000 units of daltep-
arin to 13 consecutive patients with a wide range
of renal function [11]. Creatinine clearance was
measured and compared with anti-Xa levels. The
anti-Xa levels were consistently less than 0.5
unit/s mL and there was no clear relationship to
creatinine clearance or bleeding events. The au-
thors concluded anti-Xa levels found 2-4 hours
after injection of 5,000 units of dalteparin were
consistently less than 0.5 units/mL and did not
vary significantly with renal function [11].

Anti-Xa levels are not readily available in many
centres, and in clinical practice monitoring of
anti-Xa levels is seldom necessary. 

PHARMACODYNAMICS

Doses of dalteparin used for therapy when admin-
istered to healthy subjects do not produce signifi-
cant changes in platelet aggregation, fibrinolysis
or global coagulation tests such as the prothrom-
bin time, thrombin time or APTT [12]. Similarly,
prophylactic doses of dalteparin i.e. 5,000 units
once or twice daily do not markedly affect APTT,
platelet factor IV or lipoprotein lipase release [13].
Ongoing studies suggest that dalteparin prolongs
the activated clotting time (ACT) in a dose related
fashion [7].

PHARMACOKINETICS

Dalteparin is rapidly absorbed after subcutaneous
administration (87% bio availability) with peak
plasma concentrations being attained after 2.8 to 4
hours and plasma elimination half-life being 2.4 to
4 hours [12-16]. Although the LMWHs are bound
to red blood cells data with dalteparin suggest that
erythrocyte binding does not interfere with the
availability of the drug [17]. As with other
LMWHs dalteparin is primarily eliminated by
renal clearance raising concern that there may be
accumulation of the LMWHs in patients with
moderate to severe renal failure [18]. Further
work with the individual LMWHs is required to
clarify this issue. 

For treatment of DVT the dalteparin dose is
capped at 18,000 units in Canada when the once
daily dosing is used. The rational for capping the
dose is based on pharmacokinetic data suggesting
that dalteparin distributes only in the plasma vol-
ume, so that dosing should not be weight based in
obesity [19]. However, in the FRISC trial where
the higher dose of dalteparin was used (150 Xa
units per kg Q12H) the occurrence of bleeding
and the median anti-factor Xa levels did not differ
in patients with a high body weight or BMI (body
mass index) [20]. However, the bleeding rates de-
creased when the dose of dalteparin was reduced
to 120 Xa units/kg q 12h. Similarly, one study in-
dicated that the volume of distribution and clear-
ance of dalteparin did not differ significantly from
these values in patients of normal weight, suggest-
ing that doses of dalteparin in obese patients

should be based on total body weight or adjusted
body weight but not on lean body weight [21].
Further work is required to clarify this important
point. 

In a recent study patients treated for venous
thromboembolism with once daily therapeutic
doses of dalteparin for at least 5 days were strati-
fied into three groups:

• Within 20% of ideal body weight (IBW)
• 20-40% over IBW
• >40% over IBW.
Anti-Xa levels (peak and trough) were similar

in the three groups indicating no effect of body
weight on drug levels [22].

In the event of an accidental overdose of daltep-
arin or if serious bleeding occurs during daltepar-
in therapy, the slow intravenous infusion of pro-
tamine sulfate is recommended [3]. Such treat-
ments lead to a 74% decrease in factor Xa levels
and are thought to inhibit antithrombin activity
by binding to fragments with longer side chains
[23]. 

PREVENTION OF VENOUS THROMBOEMBOLISM

Dalteparin has been extensively studied in the pre-
vention of venous thromboembolism in patients
undergoing moderate to high-risk surgery and in
medical patients. The results of these clinical trials
has been extensively reviewed recently [24].
Furthermore, a comprehensive review of the pre-
vention of venous thromboembolism was recently
published [25].

PREVENTION OF VENOUS THROMBOEMBOLISM IN
GENERAL SURGERY

Following initial dose findings studies a number
of pivotal studies were performed comparing dal-
teparin with UFH 5,000 units 2-3 times daily [26,
27]. These studies showed dalteparin to be of
equal efficacy compared with UFH. The study by
Kakkar et al. was designed to detect a 50% reduc-
tion in bleeding rates [27]. This study showed that
wound hematomas developed in fewer patients
treated with dalteparin than with UFH and a sig-
nificantly greater number of patients in the UFH
group required reoperation for wound hematoma
or bleeding control. Severe bleeding occurred less
frequently in the dalteparin group compared with
the UFH group and there was a greater incidence
of minor bleeding in the UFH group mainly relat-
ed to bruising at injection sights. A meta-analysis
of all studies comparing the use of the LMWH
with UFH has concluded that the two approaches
are of equal efficacy in patients undergoing ab-
dominal, gynaecologic and urologic surgery but
there is less bleeding with LMWH [28]. 

Patients operated on for malignant conditions
have been shown to have a higher incidence of ve-
nous thromboembolism when compared with pa-
tients operated on for non-malignant conditions.
Bergqvist et al. compared the use of dalteparin
5,000 Xa units daily with UFH 5,000 units twice
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daily in 1,040 patients undergoing abdominal sur-
gery of whom 637 patients had malignant disease
[29]. Dalteparin was more effective than UFH in
the prevention of DVT (5% versus 9.2%, P = 0.02)
with no increase in the frequency of bleeding in
the malignancy subgroup. In a follow up study in
2,070 patients undergoing general surgery for ma-
lignant disease (66.4%) or benign abdominal dis-
ease dalteparin 2,500 Xa units daily was compared
with 5,000 Xa units daily [30]. The 5,000 Xa units
dalteparin dosage was superior in terms of DVT
detected by fibrinogen uptake, 6.6% versus 12.7%,
P<0.01 in the overall group. In the patients with
malignant disease 5,000 Xa units of dalteparin was
superior to 2,500 Xa units; DVT rates 8.8% versus
15.1%. The frequency of bleeding complications
was significantly higher in the 5,000 Xa unit dal-
teparin group due largely to wound hematoma not
requiring drainage in the overall study; this did
not apply in the sub-group analysis of patients
with malignant disease. It was concluded that in
high-risk patients with malignant disease daltepar-
in 5,000 Xa units is more effective than 2,500 Xa
units and the two are equally safe.

The role of extended prophylaxis in preventing
venous thrombosis following major abdominal
surgery was assessed in the FAME study [31].
Patients undergoing major abdominal surgery
were randomised to receive dalteparin 5,000 units
once daily for one week versus four weeks in a
prospective randomised open label trial. All pa-
tients wore graduated compression stockings for
the first seven days. Bilateral venography at 28
days revealed decreased rates of total DVTs and
proximal DVTs in the extended prophylaxis
group (actual numbers not yet published). From
the total of 590 patients, 198 patients had surgery
for cancer and these patients were analysed separ-
ately in a subgroup analysis. One hundred and
seven patients received short-term prophylaxis
and 91 patients received prolonged prophylaxis.
There was a significant reduction in the incidence
of venous thromboembolism from 19.6 to 8.8%
(relative risk 0.45, 95% CI 0.21-0.96; P = 0.03).
The rates of proximal deep vein thrombosis were
reduced from 10.4 – 2.2% (relative risk 0.21, 95%
CI 0.05-0.93; P = 0.02). The results of this study
are comparable to those reported in the ENOXA-
CAN II study which demonstrated a decrease in
the total DVT rate from 12% to 5%, (OR = 0.36;
P = 0.02) for prophylaxis for 28 days versus 9
days in patients undergoing cancer surgery [32].
Meta-analysis of four studies comparing short
term with longer term thromboprophylaxis with
LMWH following major abdominal surgery con-
firmed that there was a significant decrease in
total DVT and proximal DVT with the use of ex-
tended prophylaxis without any increase in the in-
cidence of bleeding complications [33]. Therefore,
extended prophylaxis is recommended for patients
undergoing high-risk major abdominal surgery
particular for cancer.

Dalteparin was compared with fondaparinux
(Arixtra in the PEGASUS study) [34]. Dalteparin

2,500 units was given two hours before surgery
and a second dose of 2,500 units was given on the
evening of surgery followed by 5,000 units daily.
Fondaparinux 2.5mg was given once daily starting
six hours post-operatively. In the overall study the
incidence of venous thrombosis at day seven plus
or minus two was similar in the two groups.
However, on subgroup analysis in patients operat-
ed on for cancer the incidence of venous throm-
boembolism (venographic DVT and symptomatic
venous thromboembolism) was reduced from
7.7% to 4.7% with fondaparinux compared with
dalteparin. Odds reduction – 40.5% (95% CI 61.9
– 7.2%, P = 0.2). The incidence of major bleeding
was comparable. 

There have been fewer good studies with dal-
teparin in patients undergoing major gynaecologi-
cal surgery. Dalteparin 5,000 Xa units was com-
pared with UFH 5,000 units twice daily in 215 pa-
tients undergoing major gynaecological surgery
[35]. Screening for venous thrombosis done with
impedance plethysmography showed similar DVT
rates. However, the patients receiving 5,000 units
had a higher incidence of bleeding complications
as measured by wound hematomas and blood
transfusions. In a follow up study dalteparin 2,500
Xa units once daily was compared with UFH
5,000 units twice daily in 141 patients undergoing
gynaecological surgery of whom 10 patients had
malignant disease [36]. There was no difference in
the frequency of DVT nor of bleeding complica-
tions. 

PREVENTION OF VENOUS THROMBOEMBOLISM IN
PATIENTS UNDERGOING TOTAL HIP REPLACEMENT

In a study by Erickson et al., dalteparin 5,000 Xa
units daily was compared with UFH 5,000 units
three times daily [12]. The total DVT rates with
dalteparin and UFH were 42% versus 30%, where-
as the proximal DVT rates were 31% with UFH
versus 12% with dalteparin, P<0.02. The inci-
dence of pulmonary embolism was significantly
reduced. As well blood loss and transfusion re-
quirements were greater in the UFH group com-
pared with dalteparin (P<0.05). Previous studies
had shown equivalence between dalteparin and
UFH [37].

In an innovative study by Torholm [38], daltep-
arin 2,500 Xa units was given 2 hours before sur-
gery with 2,500 Xa units being given again 12
hours later followed by 5,000 Xa units daily. This
regimen was compared with placebo in patients
undergoing total hip replacement surgery. DVT
developed in 16% of patients in the treatment
group compared with 35% of patients in the con-
trol group (P<0.02). No difference in bleeding
was noted. This regimen was subsequently used in
larger clinical trials comparing LMWH with war-
farin. 

In a multicentre open label study dalteparin
2,500 Xa units given within 2 hours preoperative-
ly followed by 2,500 Xa units the evening after
surgery and then 5,000 Xa units daily was com-
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pared with warfarin started the evening before
surgery with subsequent doses adjusted to achieve
a targeted INR of 2.0-3.0 [39]. The incidence of
venographically proven DVT was lower in the
dalteparin group (28/192, (15%) in dalteparin
group compared with 49/190, (26%) in the warfar-
in group, P = 0.006); proximal DVT was seen in
5% of patients in the dalteparin group versus 8%
in the warfarin group, a non-significant differ-
ence. There was no difference in the bleeding rates
as reported by principal investigators but the
number of patients receiving blood transfusions
on postoperative days 1-8 was significantly higher
in the dalteparin group than in the warfarin
group. Most bleeding events were considered by
investigators to be minor and manageable without
discontinuing therapy. 

In the North American Fragmin Trial daltepar-
in started either preoperatively or postoperatively
was compared with warfarin started on the night
following surgery in patients undergoing total hip
replacement [40]. Thus, in this trial one group of
patients received dalteparin 2,500 Xa units within
2 hours preoperatively and a second dose of dal-
teparin 2,500 Xa units within 4-6 hours postopera-
tively followed by 5,000 units daily; the second
group received a preoperative placebo and the
first dose of dalteparin 2,500 Xa units 4-6 hours
postoperatively followed by dalteparin 5,000 Xa
units daily. Warfarin dosage was targeted to an
INR 2.0-3.0. Venograms were carried out on day 6
±2. The frequency of DVT in patients receiving
preoperative and postoperative dalteparin were 36
(10.7%) of 337 (P<0.001) and 44 (13.1%) of 336
(P<0.01) respectively versus 81 (24.0%) of 338 pa-
tients on warfarin. For proximal DVT the rates
were 3 (0.8%) of 354 (P = 0.04) and 3 (0.8%) of
358 (P = 0.03), respectively versus 11 (3.0%) of
363 patients in the warfarin group. The relative
risk reductions for the dalteparin ranged from
45% to 72%. Symptomatic thrombi were seen less
frequently in the preoperative dalteparin group
versus warfarin (1.5% versus 4.4%, P = 0.02).
Rates of major and minor bleeding reported from
investigators did not differ in the three groups on
days 0-1 or days 2-8. However, in the centrally ad-
judicated assessment of bleeding using only the in-
formation reported in the case report forms for all
reports of bleeding independent of the site
investor’s clinical judgement there was significant-
ly more major bleeding in the preoperative daltep-
arin group compared with postoperative daltepar-
in or with warfarin. The postoperative dalteparin
regimen was approved by the FDA and the TPD
(Canada).

There is now good evidence that the timing of
initiating low-molecular-weight heparin with re-
spect to surgery significantly influences anti-
thrombotic effectiveness [41]. The practice of de-
layed initiation of low-molecular-weight heparin
prophylaxis results in sub-optimal antithrombotic
effectiveness without a substantial safety advan-
tage. Thus, the earlier timing of initiating prophy-
laxis as in the NAFT study has been used in more

recent studies investigating the efficacy and safety
of new antithrombotic agents including fondapari-
nux, ximelagatran and melagatran and the low-
molecular-weight heparin bemiparin. In all of
these studies the DVT rates assessed by bilateral
venography were lower with the early initiation
of prophylaxis as compared to enoxaparin either
12 hours preoperatively or 12-24 hours post-oper-
atively.

There is clinical and laboratory evidence that
the risk of venous thromboembolism following
total hip replacement extends well beyond the in-
itial hospitalisation [42-44]. The need for extended
prophylaxis to 28-35 days postoperatively has
been supported by six randomised clinical trials
[45-50], three using dalteparin and three using
enoxaparin. The design of these studies differed
somewhat but all studies indicated that the inci-
dence of total DVT (all studies) and proximal
DVT (three studies) were decreased in the LMWH
arm versus placebo in the extended treatment
phase. In a study by Dahl et al., dalteparin 5,000
units daily started at 12 hours preoperatively was
administered to all patients undergoing total hip
replacement for 7 days at which time venography
was performed [47]. This showed a total DVT rate
of 15.9%, 5.4% of which were proximal. Patients
with negative venography either continued daltep-
arin for 28 days or took an identical placebo. The
cumulative DVT rates at day 35 were 33 of 104
(31.7%) for patients on placebo versus 22/114
(19.3%) for patients on dalteparin, P=0.034. The
proximal DVT rate in the placebo group was
14/104 (13.5%) versus 10/114 (8.8%) for patients
on dalteparin. 

In the study by Lassen et al., all patients under-
going total hip replacement were treated with dal-
teparin 5,000 units started 12 hours preoperatively
for 7 days following which they either continued
on dalteparin 5,000 Xa units daily or an identical
placebo and venography was performed on day 35
[48). The total DVT rates for patients on daltepar-
in and placebo were 12/102 (11.8%) versus 5/113
(4.4%) for patients on extended dalteparin; P =
0.039. Proximal rates for the dalteparin/placebo
versus dalteparin groups were 5.0% versus 0.9%. 

In the extended prophylaxis component of the
North American Fragmin Trial, patients who
consented to be in both the in hospital and the ex-
tended phase of treatment were randomised to re-
ceive dalteparin either started within 2 hours pre-
operatively or within 4-6 hours postoperatively as
described above or warfarin started the night of
surgery [49]. Bilateral venography was carried out
on day 6 ± 2 and only those consenting patients
who had negative venograms continued on in the
study. For those patients who started dalteparin
either before surgery or after surgery dalteparin
5,000 Xa units daily was continued. For patients
who were on in hospital warfarin an identical sub-
cutaneous placebo was given up to day 35 at
which time bilateral venography was repeated.
For patients having interpretable venograms in
the preoperative and postoperative dalteparin
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groups the overall cumulative frequencies of
DVTs were 30 (17.2%) of 174 patients (P<0.001),
38 (22.2%) of 171 (P = 0.003) compared with the
warfarin/placebo group, 69 (36.7%) of 188. The
incidence of new proximal venous thrombosis oc-
curring out of hospital in the preoperative and
postoperative dalteparin groups were 1.3% and
0.7% (P = 0.04) compared with 4.8% in the war-
farin placebo group. The relative risk reduction
for new out of hospital proximal DVT in the post-
operative dalteparin group versus warfarin was
85% (P = 0.04). There was no major bleeding in
the out of hospital phase of treatment in this
study nor in the two previous studies with daltep-
arin. The conclusion from the three out of hospi-
tal studies with dalteparin as well as the other
LMWH studies was that extended out of hospital
prophylaxis up to 35 days with LMWH when
compared with placebo significantly reduces the
incidence of DVT with no added risk of major
bleeding [45-50]. 

Meta-analyses of the studies comparing short-
term with extended prophylaxis in patients under-
going total hip replacement demonstrate a signifi-
cant decrease in the rates of total DVTs, proximal
DVTs and symptomatic venous thromboembolic
events [51]. Extended prophylaxis following total
hip replacement is therefore, recommended for
28-35 days. 

Extended prophylaxis following total knee re-
placement did not lower DVT rates when com-
pared with placebo [50]. 

In a dose finding study of the specific thrombin
inhibitor melagatran and ximelagatran, dalteparin
5,000 units once daily starting 12 hours preopera-
tively was used as the control [52]. Varying doses
of melagatran were given twice daily subcutane-
ously starting immediately before surgery with
the second dose being given on the evening of sur-
gery followed by various doses of ximelagatran
given twice daily by the oral route. The highest
dose group of melagatran and ximelagatran had a
significantly lower incidence of total venous
thromboembolism and proximal DVT when com-
pared with dalteparin. However the frequency of
severe bleeding was higher in the high-dose xime-
lagatran group. In subsequent studies with these
agents the low-molecular-weight heparin used as
the control has been enoxaparin. 

TREATMENT OF VENOUS THROMBOEMBOLISM

The LMWHs have been compared with intrave-
nous unfractionated heparin for the treatment of
deep venous thrombosis (DVT) and pulmonary
embolism although there are fewer trials for the
latter condition. In individual trials and in meta-
analyses all of the randomised treatment trials,
LMWH has been shown to be at least as effective
as UFH in the prevention of recurrent venous
thromboembolism and death, and the major and
minor bleeding rates have been comparable [53].
The designs of these trials have been different as
have the dosage regimens and only one was dou-

ble blinded [54]. Three randomised clinical trials
compared the use of LMWH and coumadin pre-
dominantly out of hospital with intravenous
UFH and coumadin started in hospital. These
trials also showed LMWH to be of comparable ef-
ficacy and safety compared with UFH [53]. Based
on these randomised clinical trials LMWH has
been adopted as the treatment of choice for both
DVT and PE in most countries. In the US enoxap-
arin and tinzaparin have been approved by the
FDA for the treatment of DVT with or without
accompanying PE. In Canada, enoxaparin, tinzap-
arin, dalteparin, and nadroparin have been ap-
proved for these indications. 

Clinical trials comparing dalteparin with UFH
for the initial treatment of DVT have been carried
out in Europe with the primary endpoint being
improvement in the Marder score on repeat venog-
raphy [55-58]. These studies have shown similar
Marder scores and bleeding rates [55-58]. A pilot
study was carried out in patients presenting with
PE comparing dalteparin with UFH; the primary
efficacy endpoint was recurrent PE on repeat ven-
tilation perfusion lung scanning [59]. In this study
there were similar outcomes in the two groups and
there was no major bleeding. However this study
was too small to have sufficient power to show
any significance between the two treatment arms.
A number of cohort studies have been reported
suggesting that it is both feasible and safe to treat
the majority of patients presenting with DVT or
PE in the outpatient setting [60, 61]. A similar out-
come was noted with use of dalteparin for the
treatment of upper extremity thrombosis [62]. 

Dalteparin was compared with warfarin for the
long-term treatment of patients presenting with
proximal DVT [63]. All patients were initially
treated with UFH for ten days following which
they received either dalteparin 5,000 anti-Xa units
daily or warfarin adjusted to an INR of 2.0-3.0 for
3 months. The number of recurrent venous
thromboembolic events and the incidence of
bleeding complications were similar. 

THE USE OF DALTEPARIN IN CANCER PATIENTS

The efficacy and safety of long-term low-molecu-
lar-weight heparin in the prevention of recurrent
venous thromboembolism in patients with cancer
was recently reported [64]. Patients presenting
with acute symptomatic proximal deep vein
thrombosis, pulmonary embolism or both were
randomly assigned to receive low-molecular-
weight heparin (dalteparin) at a dose of 200
units/kg once daily for 5-7 days in conjunction
with Vitamin K antagonist with a target INR of
2.5 to be continued for six months or dalteparin
once daily for six months. Initial dose of daltepar-
in in these patients was 200units/kg once daily
for one month followed by 150units/kg daily for
a further five months. Over the six month study
period the incidence of recurrent venous throm-
boembolism in the long term dalteparin group
was 27/336 (8.0%) versus 53/336 (15.8%) in the
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dalteparin Vitamin K antagonist group (hazard
ratio 0.48; P = 0.002). There was no significant
difference and the mortality rate at six months
was comparable. However, when the survival of
patients with non-metastatic malignancy was
compared with those with metastatic malignancy
in a post-hoc analysis there was a significant sur-
vival advantage for those patients treated with
long-term dalteparin compared with initial dal-
teparin followed by Vitamin K antagonist [64, 65]

In the FAMOUS study patients with advanced
cancer were randomised to receive either daltepar-
in 5,000 units/daily subcutaneously or a saline
placebo given once daily subcutaneously for up to
one year [66]. The primary outcome was survival
at one year [66]. The Kaplan-Meier survival esti-
mates at one year and again at two and three years
after randomisation was comparable in the two
groups. However in a post-hoc analysis patients
with a good prognosis (i.e. those who survived
over 17 months after randomisation) were ana-
lysed. There were 47 patients in the placebo group
and 53 in the dalteparin group. The survival esti-
mates at two and three years after randomisation
were 56% and 30% respectively for the placebo
group versus 77% and 59% respectively for daltep-
arin P=0.04 [66]. The rates of symptomatic ve-
nous thromboembolism and of major bleeding
were comparable. Thus, two studies with daltep-
arin have shown a survival advantage when com-
pared with a Vitamin K antagonist or placebo in
patients with cancer with a relatively good prog-
nosis [67]. These results are comparable to those
of a recent study with another low-molecular-
weight heparin (nadroparin) which when given
for six weeks to patients with cancer versus no
treatment was shown to significantly improve sur-
vival in patients who a priori were judged by their
oncologists to have a relatively good prognosis.
Further studies will be required to further define
the role of long-term low-molecular-weight hepar-
in the management of patients with cancer with
or without venous thromboembolism.

OTHER USES OF LOW MOLECULAR WEIGHT
HEPARIN

Low molecular weight heparins (nadroparin, dal-
teparin, tinzaparin, and danaparoid) have been
compared with placebo in patients with throm-
botic strokes in an effort to decrease the progres-
sion of the neurologic damage [68-70]. With the
exception of some minor improvement at 6
months with nadroparin [70] these clinical trials
have been unsuccessful and benefit has been out-
weighed by the danger of bleeding. 

Dalteparin was compared with placebo for the
prevention of DVT in patients presenting with
thrombotic stroke [71-73]. In one study using fi-
brinogen uptake with venography for positive
studies there was a decrease in the incidence of
DVT in the dalteparin group [71] but in the study
using venography for end point determination the
rates were similar between the dalteparin and pla-

cebo group [72]. Dalteparin was ineffective when
compared with aspirin in prevention of recurrent
stroke during the first 14 days following an is-
chemic stroke in patients with atrial fibrillation
[69].

In a large multi-centre clinical trial in medical
patients at risk for venous thromboembolism dal-
teparin 5,000 units daily was compared with place-
bo for a 14 day period [74]. The primary endpoint
was venous thromboembolism as defined by objec-
tively verified venous thromboembolism or sud-
den death and objectively documented asympto-
matic DVT on compression ultrasonography by
Day 21. A total of 3,706 patients were enrolled
with the most common inclusion conditions being
congestive heart failure, acute respiratory failure
or infectious diseases. The incidence of the com-
posite primary outcome event in the dalteparin
group was 42/1518 (2.8%) in the dalteparin group
versus 73/1473 (4.96%) in the placebo group, a re-
duction of 45%, 95% CI 20-62%; P = 0.0015. The
majority of the venous thromboembolic events
was detected by ultrasound. There was no differ-
ence in the incidence of fatal pulmonary embolism
nor major bleeding. 

Dalteparin was compared with aspirin and dip-
yridamole in patients undergoing peripheral vas-
cular surgery [75]. Patients were randomised to re-
ceive dalteparin 2,500 Xa units per day or aspirin
300mg with dipyridamole 100 mg every 8 hours
for three months. The primary efficacy endpoint
was graft patency at three months in patients
undergoing femoral political bypass grafting.
Graft patency at 6 months and 12 months was
87% and 78% respectively in the LMWH group,
and 72% and 64% in the aspirin dipyridamole
group. Stratified survival analysis showed that this
benefit from LMWH was confined to those pa-
tients having salvage surgery whereas for patients
having surgery for intermittent claudication there
was no significant benefit. There was no major
bleeding event in either group. 

Monreal et al. compared the long-term use of
dalteparin 5,000 Xa units twice daily with UFH
10,000 units twice daily in patients with DVT or
PE who initially were treated with intravenous
UFH [76]. The rates of recurrent venous throm-
boembolism and major bleeding were comparable.
Vertebral fractures in patients 80 years or older
were more common in the UFH (5 of 12 on UFH
versus 0 of 11 on dalteparin, P-0.02).

In patients with indwelling Port-A-Cath devices
dalteparin 2,500 Xa units subcutaneously once
daily for 90 days was compared with no treatment
for the prevention of upper extremity thrombosis
[77]. At 90 days venography demonstrated upper
extremity DVT in 1 of 16 (6%) patients on daltep-
arin versus 8 of 13 (62%) of patients without pro-
phylaxis (P = 0.002). There were no bleeding
complications. 

In a small open randomised clinical trial, preg-
nant patients with a history of previous venous
thromboembolism with or without thrombophil-
ia were randomised to receive adjusted dose UFH
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bid or LMWH (dalteparin, mean 4631Xa) unit
once daily through pregnancy and for six weeks
postpartum. There were no thromboembolic
events in either group but there was more bleed-
ing in the UFH group [78]. In this study bone
mineral metabolism and bone mineral density in
the lumbosacral spine was measured by dual x-ray
absorptionmetry at 1, 6, 16 and 52 weeks and if
possible at three years following delivery [79].
The bone mineral density values were compared
with those of healthy delivered women. A mean
bone mineral density of the lumbar spine was sig-
nificantly lower in the unfractionated group com-
pared with dalteparin and with the normal con-
trols. There was no difference between the daltep-
arin group and the bone mineral density of the
healthy delivered women. The bone density ab-
normality in the unfractionated heparin group
persisted throughout the duration of follow up.
The authors recommended the use of dalteparin in
place of unfractionated heparin for long term pro-
phylaxis or treatment of venous thromboembo-
lism during pregnancy. A smaller study was done
to evaluate the efficacy and the dose of dalteparin
given to pregnant women with acute venous
thromboembolism [80]. Twenty patients with ver-
ified venous thromboembolism were treated with
dalteparin from diagnosis until delivery. The dose
of dalteparin was adjusted to achieve a target of
0.5-1.0 units per mL 2-3 hours following injection.
None of these patients suffered from recurrent ve-
nous thromboembolism nor major bleeding. In 9
of the 13 women started on dalteparin 100
units/kg twice daily dose escalation was necessary
to reach the target anti-Xa activity. None of the
six women who started at a dose of 105-118
units/kg twice daily required dose escalation. This
small study suggested that doses of dalteparin to
achieve the target anti-Xa activity levels may be
10-20% higher than in non-pregnant patients.

CONCLUSION

Dalteparin has been shown to be efficacious and
safe in a variety of clinical circumstances in well-
designed (level 1) randomised clinical trials. These
include the prevention of venous thromboembo-
lism in patients undergoing general surgery in-
cluding cancer surgery, orthopedic surgery and in
medical patients. Extended prophylaxis beyond
hospitalisation was shown to be efficacious in pa-
tients undergoing hip replacement surgery and
major abdominal surgery. Long-term dalteparin
was effective in significantly reducing the risk of
recurrent venous thromboembolism in patients
with cancer and thrombosis when compared with
placebo. Furthermore, in subset analyses of larger
trials dalteparin was shown to improve survival in
patients with advanced cancer when compared
with either placebo or Vitamin K antagonist ther-
apy. Based on these randomised clinical trials dal-
teparin is now licensed in a large number of coun-
tries and is widely used internationally for a num-
ber of indications. 
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