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Abstract

Statement of the problem
The primary objective of this thesis was to determine the best study design to evaluate the

safety and effectiveness of an intermediate dose of low molecular weight heparin for
secondary prevention of pregnancy associated VTE (PAVTE). An RCT was deemed
unfeasible, so the use of a single arm study with prior evaluation of feasibility with a pilot

study is proposed.

Methods

A systematic review was conducted to evaluate the efficacy of current strategies used for

secondary prevention of PAVTE.A survey was used to elicit the non-inferiority margin.

Results
The pooled proportion of recurrent VTE in patients treated with full dose LMWH was

0.012(95% CI1 0.006 to 0.02) and the rate of major bleeding was 0.025(95% CI=0.01 to

0.041). The non-inferiority margin was elicited at 2.5%

Conclusions
Although an RCT should be conducted whenever possible, in certain scenarios they are

unfeasible. Therefore, an alternative study design should perhaps be used to evaluate the

safety and efficacy of therapeutic strategies.



“In seeking absolute truth we aim at the unattainable
and must be content with broken portions”

Sir William Osler (1849-1919)
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1.0 Introduction

1.1 Scope of the Problem

Venous thromboembolism (VTE), manifesting as deep vein thrombosis (DVT) and/or pulmonary
embolism (PE), is one of the most common cardiovascular diseases in industrialized countries,
affecting 5% of the general population during their lifetime(1).

VTE is a serious and potentially fatal medical condition. Annually, as many as 300,000(2) people in the
United States die from PE and the diagnosis is often not made until autopsy. That said, VTE is also,
preventable and treatable(3). The risk of PE (either symptomatic or asymptomatic) in patients
diagnosed with DVT is approximately fifty percent. If left untreated the mortality rate of PE ranges
from 5% to 30%(4). Furthermore, VTE is associated with long-term consequences such as post-
thrombotic syndrome (PTS) and recurrent VTE(S). Early treatment of VTE with anticoagulant drugs is
a critical step in preventing further complications and/or recurrence(6).

For women the risk of VTE increases approximately 4 to 10 fold during pregnancy and 15 to 35 fold
during the post-partum period(7;8). These estimates are supported by two recent population studies
conducted in the United Kingdom (UK) (9) and the United States (US) (7). In the UK study, the rate of
VTE was 19 (95% CI 18t020) per 100 000 person/years in non-pregnant women whereas the overall
rate of pregnancy associated VTE (from here on referred to as PAVTE)was 107(95% CI 18t020) per
100 000 person/years [34 (95% CI 26t045) and 225 (95% CI 188t0271) per 100000person/years during
the ante-partum and post-partum periods respectively]. In the US study the rate of VTE in non-
pregnant women was 46(95% CI 18t020) per 100 000 person years and 200 (95% CI 18t020)per

100 000 person/years during pregnancy [95(95% CI 18t020) and 511(95% CI 18t020) cases per 100000
during the ante-partum and post-partum periods respectively]. Liu et al(10) evaluated the incidence of

PAVTE in Canada using administrative data collected from pregnant women admitted for VTE



between the years 1991 and 2006. The total incidence of DVT was 121 (95% CI 18t020) per 100,000
pregnancies, and the rate for PE was 54(95% CI 18t020) per 100,000 pregnancies. However these
results should be interpreted carefully because only hospitalized patients were included in the study.
Therefore the actual rates of VTE could be significantly higher than what the authors calculated given
that in Canada, persons with VTE are commonly treated as outpatients.

The risk of VTE during pregnancy is felt to remain relatively constant throughout each trimester and
then doubles during the post-partum period(11). Ray et al(12) conducted a systematic review to
evaluate the incidence of DVT during the different trimesters of pregnancy and the post-partum
period(i.e. 6 weeks post-partum). They found that 21.9 % (95% CI17.4t027.3) developed DVT in the
first trimester, 33.7 % (95% CI 28.1t039.8) in the second trimester, and 47.6 % (95% CI 39.2t056.2) in
the third trimester. Two recent population studies have challenged the findings of Ray et al(12). Sultan
et al(9) reported the rate of VTE to be higher during the third trimester [78 (95% CI 57to105) per

100 000 person/years) and early post-partum period [421(95% CI 345t0505)per 100 000 person/years],
compared to the first trimester [7 (95% CI 2to21) per 100 000 person/years], the second trimester [11
(95% CI 4.4t025) per 100 000 person/years] or the late post-partum [35 (95% CI 18to67) per 100 000
person/years). Virkus et al(13) reported that the absolute risk of VTE increased from 41 (95% CI
3.2t05.2)per 100,000 pregnancy/years during weeks 1-11 up to 590(95% CI 46.1t076.4) per 100,000
pregnancy/years by the end of week 40. During the post-partum weeks 1-9 the rate of VTE was 600
(95% CI 47.2t076.4) per 100,000 pregnancy/years during and the decreased to 21(95% CI 1.1to4.2) per
100,000 pregnancy/years during the post-partum weeks 9—12.

As discussed above, PAVTE is a rare complication of normal pregnancy carrying potentially severe
maternal adverse consequences. In developing countries, hemorrhage is the primary cause of maternal
death(14) but in North America and Europe, the primary cause of maternal death is PAVTE(15-17).

PAVTE is thought to account for 1 to 1.5 maternal deaths per 100000 deliveries in the US and



Europe(7;15-17) representing 30% of all maternal deaths in the UK(16), 20% of all maternal in the
US(7), and 50% of all maternal in Sweden(18). In Canada(10), it is estimated that 0.26 deaths occur per
100,000 pregnancies in patients diagnosed with pregnancy associated DVT that require admission, and
0.96 deaths per 100,000 pregnancies in patients diagnosed with PE. Contributing factors for death
include: 1- cesarean section/surgery without thromboprophylaxis; 2- being overweight; 3- severe
co=morbidities; 4-delays in seeking health-care; and 5-verbal miscommunication(18).

Population based suggests PAVTE associated mortality is decreasing(7). For example, in Sweden,
there has been a fourfold increase in the rate of pregnancy associated PE from the 1970s to the end of
1990s, yet the case fatality rate has decreased from 4.5 to 0.6%(18) during the same time period. One
explanation for the declining case fatality rate is over diagnosis leading to treatment of less severe VTE
cases(19). Another explanation is the widespread use of more effective therapies (20) for treating

PAVTE (21) such as LMWH.

1.2 Pathogenesis and risk factors of PAVTE

Venous thromboembolism arises from the interaction between multiple inherited and acquired known
risk factors(22) . The risk of VTE increases with the number of risk factors present(23). In 1856,
Virchow identified the physio-pathologic triad responsible for venous thrombosis(24):
hypercoagulation, vascular damage, and venous stasis. Risk factors increase the risk of VTE by directly
affecting one or more of the components of the Virchow triad. Table 1 shows the association of
common risk factors(25) and the individual components of the Virchow triad.

VTE are usually divided in two categories: provoked or unprovoked. Provoked VTE is usually
associated with transient risk factors such as: pregnancy, surgery, trauma, cancer or immobilization.
Un-provoked VTE is usually associated with non-reversible risk factors such as: age, gender or
thrombophilias. Correctly identifying the provoking factor leading to the development of VTE is

fundamental for making therapeutic decisions regarding duration of treatment.



Compared to some other risk factors, such as surgery, where not all the components from Virchow’s
triad play a role for the development of VTE(22;25) during pregnancy and the post-partum period all

the components of the Virchow triad contribute to the increased risk for PAVTE(25) (Table 1).

Table 1Common risk factors for the development of VTE

Increasing age X 1000 fold
Surgery X X 6 fold
Cancer X 5 fold
Trauma X X X 5fold
Immobilization X 8 fold
Thrombophilia# X 2 to 10 fold
Hormone use X 2 to 5 fold
Pregnancy X X X 10 fold
#(antithrombin III deficiency, Protein C and Protein S deficiency, Factor V Leiden, Prothrombin
20210A)

Hypercoagulation is a normal physiological response to pregnancy caused by disequilibrium of blood
coagulation factors(26;27). Fibrin generation is increased, fibrinolytic activity is decreased(28), levels
of coagulation factors II, VII, VIIL, and X are all increased, free protein S levels are decreased (28), and
acquired resistance to activated protein C is common. Furthermore, during pregnancy there is an
increase in markers of coagulation activation including prothrombin fragment F1+2 and D-dimer(29).
Although changes in the coagulation system help reduce the risk of hemorrhage during childbirth and
miscarriage, they may also increase the risk of VTE. After delivery, coagulation factors gradually
return to their non-pregnant state, as evidenced by progressive normalization of markers of coagulation
activation within six weeks of delivery(30;31).

Vascular damage of the iliac veins is usually caused by the mechanics of normal child delivery(32) or
surgical delivery.

Venous stasis is also common during pregnancy. One of the proposed mechanisms for pregnancy

associated venous stasis is hormone induced increase in venous capacitance leading to decreased



venous outflow(32). A reduction in venous flow velocity of approximately 50% occurs in the legs by
25 to 29 weeks of gestation and lasts until approximately 6 weeks after delivery, at which time it
returns to non-pregnancy flow-velocity rates. Other factors associated with stasis are compression of
the iliac veins by the uterus or the left iliac artery(12;33); and prolonged immobilization(34).

The risk of VTE during pregnancy is further increased by the presence of thrombophilias(35-37) and a
prior history of VTE(38). Thrombophilias are disorders of the haemostatic system that can be
congenital or acquired, and characterized by an increased risk for thrombosis(39). Congenital
thrombophilias are present in at least 15% of the population and approximately 50% of PAVTE are
associated with heritable thrombophilia(40). The risk for developing a VTE varies according to the
type of thrombophilia(41).

A quarter of thromboembolic events associated with pregnancy are recurrent events (38;42) in women
who have had an initial VTE provoked by either oral contraceptive use or a prior pregnancy (38;42).
For pregnant women without a prior history of VTE, some recently identified risk factors during the
ante-partum period are smoking, multiparity, immobilization, assisted reproductive technology, body

mass index, and lower than average weight gain(43).

1.3 Clinical Features and diagnosis of PAVTE

Deep vein thrombosis is a blood clot that forms in a deep vein(39). A deep vein usually accompanies
the arteries, enclosed in a sheath that wraps both the vein and the associated artery.DVT usually occurs
in the lower leg or thigh but can also occur in other parts of the body (i.e. arms or abdominal organs).
Serious complications of DVT are PE or severe ischemia of the leg.

PE occurs when a(39) blood clot in a deep vein breaks off and travels through the bloodstream into the
lungs and blocks blood flow to a portion of the lung. PE is a very serious condition that can damage the

lungs, the heart, and even cause death.



Deep vein thrombosis typically originates from untreated calf thrombi that extend into the deep veins,
usually within a week of their formation(44). The incidence of DVT isolated to the iliac vein is thought
to be higher among pregnant women than among non-pregnant women (46). Isolated iliac vein
thrombosis may present with abdominal pain, back pain, or swelling of the entire leg (46). During
pregnancy women are more likely to be diagnosed with DVT (with 85% of the cases occurring in the
left leg) (7;40) than PE(8;45;46). During the post-partum period, this trend reverses and PE becomes
more prevalent than DVT(7;40;46). The risk of PE (either symptomatic or asymptomatic) in patients
diagnosed with DVT is approximately 50%(47). The most common presenting signs of DVT are
swelling, redness, and pain in the calf or inner thigh. Those presenting with PE typically report
shortness of breath, chest pain, and hemoptysis(48). Rarely, VTE can result in cardiac arrest, shock, or
vascular compromise of the leg (i.e., phlegmasia cerulea dolens)(48).

To complicate diagnostic matters, many of the classic signs and symptoms of DVT and PE such as leg
swelling, tachycardia, tachypnea, and dyspnea, mirror symptoms of normal pregnancy(49). Although
VTE is found in less than 10% of the suspected cases during pregnancy (compared with approximately
25% 1in studies of non-pregnant patients)(50), timely, objective testing is paramount given the potential
consequences of a missed diagnosis (e.g., death)(51).

Studies evaluating strategies for the diagnosis of DVT and PE have excluded pregnant
women(52). Diagnostic imaging remains the cornerstone of diagnosis of PAVTE as non-invasive tests
(e.g.-dimer)are, generally, considered not as reliable for this population(34). Selection of imaging
techniques of the lungs must take into account the level of radiation exposure to the mother and the
fetus(33). CT scan carries the lowest fetal radiation exposure but increases the level of radiation
exposure to the mother (potentially leading to an increased risk of breast cancer). On the other hand
ventilation/perfusion lung (V/Q) scans are safer for the mother but increases the level of fetal exposure

to radiation(33;34). Still, the estimated radiation exposure to the unborn child with V/Q scans is up to



0.58 cQy, a level well below the below the maximum safety limit of 5 cGy specified by the National
Commission on Radiation Protection(33).

Compression ultrasonography of the legs is a reasonable initial diagnostic approach to avoid radiation
exposure in pregnant women with suspected PE or in patients with suspected DVT(33;34). If
compression ultrasonography of the legs is negative, in-patients with suspected PE, women should
have a V/Q scan or CT scan; in patients with suspected DVT an MRI aiming to evaluate the iliac veins

or sequential compression ultrasound are required(33;34).

1.4 Current approach to the treatment of PAVTE
After being diagnosed with DVT or PE, treatment with anticoagulant drugs is necessary. Heparin was

originally used for the treatment of VTE during the 1930s(53) while the combination of heparin and
vitamin K antagonist has been the standard of care since the 1960°s(54). The treatment is usually
divided in two stages: 1- the acute treatment period (0-30 days); and 2-secondary prevention. In both
pregnant and non-pregnant patients therapy during the acute treatment period requires immediate
anticoagulation with IV unfractionated heparin (UFH) or full dose low molecular weight heparin
(LMWH) to prevent recurrent VTE.

Anticoagulants (i.e. LMWH or UFH in combination with vitamin K antagonists) are the most effective
and commonly used medical interventions for treating DVT and PE (39). They decrease the blood’s
ability to clot thereby stopping existing blood clots from progressing and preventing new(or recurrent
VTE) from forming; however, they do not dissolve existing blood clots(39). They can be taken as a
pill, an injection under the skin, or an injection into a vein.

Recurrent VTE is a new thrombotic event (manifested either as DVT or PE) occurring either during
treatment with anticoagulants, after stopping treatment for a short period of time or after therapy is
completed(55). During the first 3 months of treatment up to 5% of the patients treated with

anticoagulants will experience a recurrent event with a case fatality rate [defined as the proportion of



all recurrent VTE (fatal and nonfatal) resulting in death]of 11%(55). For the purpose of the thesis,
recurrent VTE will be defined as those events occurring during treatment with anticoagulants. Patients
presenting with PE are more likely to develop a fatal recurrent PE, and non-fatal recurrent DVT or PE
than patients presenting with DVT during the first 90 days of anticoagulation(55;56). Other clinical
factors independently associated with an increased risk of fatal PE during treatment are immobilization
for neurological disease, age >75 years, cancer(56) or the presence of lupus anticoagulant antibodies.
The most severe side effect of anticoagulants is major bleeding. Major bleeding is usually defined
as(57;58): clinically overt bleeding associated with transfusion of at least 2 units of packed red blood
cells; bleeding into a critical organ (such as the brain); or death. The case fatality rate of major bleeding
is 10%.

Unfractionated heparin is a naturally-occurring glycosaminoglycan that inactivates activated clotting
factors (thrombin, factor Xa) by potentiating the effect of anti-thrombin(endogenous coagulation
inhibitor). Unfractionated heparin has been used for the treatment of VTE since the 1930s(53).
Unfractionated heparin is administered either by intravenous infusion which has an immediate effect
and short plasma half-life (30 minutes-2 hours); or by subcutaneous injection which has a delayed
effect (2 hours) but prolonged half-life (10 hours). Treatment with full-dose UFH must be monitored
with blood coagulation assays(59)at least once a day and the dose must be adjusted to achieve the
target therapeutic range [within which the risk of bleeding or recurrent thrombosis is reduced(60)] . In
general those who are treated with UFH for VTE require admission to the hospital for 5 to 10 days to
receive intravenous therapy(61).

Low molecular weight heparins are derived from UFH by chemical or enzymatic depolymerization.
LMWHs are about one third the molecular weight of UFH and have pharmacokinetic advantages over
UFH. After subcutaneous injection, the bioavailability of LMWHs is about 90%(62). Low molecular

weight heparins produces a more predictable anticoagulant response than UFH(63). The elimination



half-life of LMWHSs (3 to 6 h after subcutaneous injection) is dose independent and anti-Xa levels peak
3 to 5 h after dosing(63). Given that LMWHs are eliminated by the kidneys, one limitation is a
prolonged biological half-life in patients with renal insufficiency(64).

Low molecular weight heparins typically are administered in weight-adjusted doses for therapeutic
purposes(3). For non-pregnant patients taking LMWH, laboratory monitoring of the anticoagulation
effect based on anti-Xa levels is not normally necessary(3).

In non-pregnant patients, LMWH or UFH is given for at least 5 days alongside vitamin K
antagonists(3). Heparins are discontinued when a therapeutic international normalized ratio for vitamin
K antagonists is achieved on two consecutive days. Vitamin K antagonists are continued afterwards as
secondary prevention. The combination of heparin and Vitamin K antagonists is a highly effective way
to prevent recurrent VTE, reducing the risk to 3% while on treatment. Nevertheless, continuous use of
anticoagulants is associated with a constant risk of major bleeding (47), an outcome with a high case
fatality rate (proportion of all major bleeding events causing or associated with death).

In non-pregnant patients the duration of secondary prevention is determined by the presence of
transient risk factors(5). For those diagnosed with a DVT or a PE after a surgery or prolonged
immobilization are usually treated for three months, whereas those with idiopathic (unprovoked) VTE
require treatment for at least 6 months(5).

In those treated with vitamin K antagonists for secondary prevention the risk of recurrent VTE and/or
bleeding is associated with the amount of time spent on therapeutic range.

The 1deal treatment strategy for PAVTE balances four imperatives: 1-Reduce the rate of recurrent VTE
(fatal and non-fatal); 2-Decrease the bleeding risk associated with anticoagulation (including the ante-
partum, pre-partum and post-partum periods); 3-Reduce drug adverse effects to the mother and fetus
and 4- be based on evidence generated by high quality clinical studies ideally conducted in pregnant

women.



As discussed above from the 1960s to date(65), heparin and vitamin K antagonists have been the
standard treatments for non-pregnancy related VTE. But, vitamin K antagonists are associated with
increased risk of fetal malformations and are thus contraindicated during pregnancy(59).
Malformations associated with the use of vitamin K antagonists include(34): facial hypoplasia, stippled
condral calcification, short proximal limbs and short phalanges. A recent meta-analysis by Chan and et
al(66) found that exposure to vitamin K antagonists during pregnancy was associated with a 6.4%
incidence of fetal malformations . Furthermore, Vitamin K antagonists increase the risk of fetal and
neonatal bleeding(66)for the duration of pregnancy. Although vitamin K antagonists are generally
considered safe during the second and third trimesters of pregnancy, careful examination of school-
aged children who have been exposed to vitamin K antagonists after the second trimester have shown a
two fold increase in the risk of minor neurologic defects and/or an intelligence quotient of 80 or
less(67-69).

Given the risks that vitamin K antagonists [and other anticoagulants - e.g., fondaparinux which has
been found in blood samples from the umbilical cord(70) ] pose to the fetus, recent guidelines
recommend continuing treatment after the acute period with UFH or LMWH(61;71-73) (preferably the
latter) in patients diagnosed with DVT or PE, as these medications are safe for the fetus because they
do not cross the placental barrier. Ginsberg et al, provided re-assurance regarding the safety of UFH for
the fetus showing that the rate of fetal malformations among women treated with UFH was no different
that among pregnant women not exposed to UFH. Low molecular weight heparin also appears to be
safe for the fetus(74). Exposure to massive doses of LMWH does not have any teratogenic effects in
pregnant rats(75), and no anti-Xa activity was detected in the umbilical cord from women who were
exposed to LMWH(76).

Acute VTE in pregnant women should be treated with full-dose LMWH or UFH for one month.

Options for secondary prevention include continuing the full therapeutic dose or reducing to an
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intermediate dose. Pregnant women normally require anticoagulant drugs for the duration of pregnancy
and for at least six weeks post-delivery to reduce the chances of recurrent VTE associated with the
physiologic changes of pregnancy(61). In 2012, new guidelines from the American College of Chest
Physicians (ACCP) suggested that it sufficient to treat throughout pregnancy and the post-partum
period for a minimum total duration of 3 months(71). The ACCP supported their recommendations
using evidence from the non-pregnant populations(77).

Notwithstanding the paucity of supportive data from controlled trials(78) or even large prospective
observational studies(35) conducted in pregnant patients, LMWH remains the most
recommended(21;61;79;80) and used(81;82)drug for treatment of pregnancy associated VTE.
Recommendations for using LMWH are primarily based on results from large trials in non-pregnant
patients showing that are at least as safe and as effective when compared with UFH(21) and
observational studies conducted in pregnant patients suggesting that the rate of recurrent VTE is 1.15%
in those treated with LMWH(35).

LMWH have better bioavailability, longer plasma-half-life, a predictable dose response, a superior
safety profile, and require less monitoring when compared to UFH in non-pregnant patients (35;83;84).
A recent a meta-analysis suggested that in non-pregnant patients LMWH is superior to UFH for
reducing recurrent VTE (OR 0.57; 95% CI 0.44 to 0.75), associated with a reduction in major bleeding
(OR 0.50; 95% CI 0.29 to 0.85) and all-cause mortality (OR 0.77; 95% CI 0.63t00.93).

The benefits of LMWH over UFH for long-term prevention of VTE beyond the potential reduction of
recurrent VTE appear to be: 1- a reduced incidence of bleeding(21); 2- less cases of heparin induced
thrombocytopenia(85); and 3- a lower incidence of heparin induced osteoporosis(86;87). Moreover,
patients treated with LMWH need less monitoring(88) and can be safely treated as outpatients(89).

In general most of the authors agree that UFH(33;34;90-93)should only be used in women with

PAVTE with a contraindication for the use LMWH (mostly those with chronic renal failure with a
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creatinine clearance < 30 mL/min), when LMWH is not available, or when immediate reversal is
needed.

To summarize, most authors and guidelines agree that LMWH is the drug of choice for the
management of PAVTE during the acute and secondary prevention period for the following reasons: 1-
being more effective in reducing recurrent VTE (fatal and non-fatal) in non-pregnant patients than
UFH; 2-Decreasing the bleeding risk, osteoporosis and heparin induced thrombocytopenia associated
with UFH; and 3-Is not dangerous for the fetus. Still, its use is not supported by high quality clinical

studies conducted in pregnant women.

1.5 Dosing and monitoring during treatment with LMWH
In non-pregnant patients treated for acute VTE the dose of LMWH can be given once a day or by twice

a day dosing. When patients are treated with twice a day dosing regimen, the total daily amount of
LMWH is divided in two equal doses that are given twelve hours apart from each other. In non-
pregnant women the ACCP suggests once a day over twice a day dosing administration; and discourage
the use of anti-Xa monitoring to measure the anticoagulant effect of LMWH. This recommendation
places value on improving patient comfort, and indirectly leads to a reduction in cost of care. Still, the
ideal LMWH dosing strategy and the role of monitoring during pregnancy remains a matter of
debate(33;34;90-93). As pregnancy progresses certain normal physiologic changes associated with
normal gestation, could potentially reduce the efficacy of LMWH.

During pregnancy, there is an expansion of intravascular(94) and extra-vascular (mostly in the breasts,
uterus and the lower extremities) water content which in turn increases the volume of distribution of
LMWH(62). Low molecular weight heparin is excreted by the kidneys and its elimination depends on
the glomerular filtration rate. During pregnancy the glomerular filtration rate increases by 50%(94)until
the last week of pregnancy(59;95). During pregnancy, differences in the pharmacokinetics of LMWH

have been observed, with an overall reduction in anti-Xa activity(94;96).
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In summary, it could be predicted that the use of LMWH during pregnancy would be associated with a
reduce Cmax (peak concentration) and a shorter half-life(62), potentially affecting the efficacy to
prevent recurrent VTE. Given the later certain authors recommend to either adjust the dose according
to changes in body weight (34;64;88); twice a day dosing over once a day to overcome increased
excretion, or to monitor LMWH using anti-Xa (97)levels. Conversely, a minority of other studies
suggest that only a small group of patients require changes in doses based on anti-levels (98), that
twice a day dosing might not be enough to achieve therapeutic anti-levels(99) and that all these
measures taken to overcome the physiologic changes of pregnancy do not appear to improve the
clinical outcome of patients(100).

The evidence supporting dose adjustments based on anti-Xa levels outside pregnancy is weak(62).
There is lack of standardization regarding the timing of measurement and target levels(82;101). Lastly,
anti-Xa monitoring increases cost of care and discomfort for the patients.

Uncertainty regarding the best dosing strategy and the use monitoring is reflected daily clinical practice
(82;101). Voke et al(82) reported the treatment strategies in the UK for 126 patients diagnosed with
PAVTE. They found that 66% of patients were treated with once a day full doses of LMWH and 79%
were monitored with anti-Xa levels. Knight et al(46) evaluated the treatment strategies of pregnancy
associated PE in the UK. They found that nearly 50% of the patients were treated with LMWH once a
day. The findings of both studies suggest that half of the physicians treated patients with PAVTE
against the recommendations of the RCOG guidelines(79). In the last version of their guidelines the
RCOG recommended the use of full dose LMWH twice a day and the use of anti-Xa levels monitoring

only for special situations.

1.6 Rationale for the use of an intermediate dose for secondary prevention
after the acute treatment period of pregnancy associated VTE
Despite the physiologic and pharmacokinetic changes seen among those pregnant patients receiving

LMWH, some experts(33;90) recommend an intermediate dose of LMWH for secondary prevention in
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order to potentially reduce the risk of major bleeding, osteoporosis, facilitate treatment and reduce cost
of care for pregnant patients. The definition of what is an intermediate dose has varied significantly
between studies but in general it ranges from a 50 to 75% of the dose used during the acute treatment
period.

Benefits for using an intermediate dose for secondary prevention are documented in randomized
control studies comparing low doses of LMWH to vitamin K antagonists for the secondary prevention
of idiopathic, provoked, or cancer associated VTE(102-109) . The updated version of the ACCP
guidelines issued in 2012 addressed the potential benefits of using an intermediate dose of LMWH for
secondary prevention of PAVTE(71). The authors agreed that an intermediate dose could potentially
lower the risk of bleeding and osteoporosis but found no evidence to support or refute the use of this
strategy during pregnancy.

Opponents of a dose reduction for PAVTE have claimed that that the use of an intermediate dose in
pregnant patients is likely associated with lower efficacy(34). Changes in renal function that occur
during pregnancy(34) and the volume of distribution of the drug alongside the absence of direct
evidence serve to holster the argument against intermediate doses(79).

At least 5 randomized control studies(102-109) (481 patients) outside pregnancy and one meta-
analyses(110) have shown that patients treated for more than 3 months with a reduced dose of LMWH
for secondary prevention after the acute treatment period had similar rates of recurrent VTE to those
treated with oral vitamin K antagonists (although there was a trend towards an increased risk of
recurrent VTE in patients treated with prophylactic doses). Lower doses were associated with a
reduction in major bleeding (OR 0.2; p-value 0.02)(111).

In a landmark randomized control study by Lee et al(102), a strategy using an intermediate dose given
once a day after the acute treatment period in cancer associated VTE lead to a reduction in the rate of

recurrent VTE when compared to vitamin K antagonists in patients treated for cancer associated VTE.
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The probability of recurrent thromboembolism during the six months of treatment was 17% in those
treated with vitamin K antagonists and 9 % in those treated with dalteparin. No significant differences
in rates of major bleeding were found between those treated with dalteparin or vitamin K antagonists (6
percent and 4 percent, respectively) (102). Patients with cancer are believed to be at 4-fold higher risk
for recurrent VTE than those patients with idiopathic or secondary VTE (including pregnant patients).
Only two studies evaluating the efficacy of an intermediate dose for the secondary prevention of
PAVTE were included in a systematic review conducted by Greer et al. Ulander et al(112) compared
the effectiveness and safety of a reduced dose of dalteparin for secondary prevention in a prospective
observational study. After confirmation of DVT by ultrasonography, 10 women were treated with UFH
and 21 women with dalteparin for seven days and thereafter, all women were given full doses of
LMWH for an extra two weeks. The dose was then decreased after 21 days and given once a day with
anti-Xa monitoring, until delivery. One patient experienced a recurrent event (the result of a protocol
violation wherein she was only treated with a week of full dose LMWH). One limitation of the study is
that four patients continued with full dose treatment due to persistent symptoms.

Daskalakis et al(113) prospectively evaluated 18 patients treated with intermediate fix doses of
nadroparin (double the usual prophylactic dose used for surgery) after 2 weeks of full dose treatment
with UFH. None of them suffered a recurrent VTE. Neither study was adequately powered to detect to
detect relevant differences in recurrent VTE

To conclude, the use of intermediate doses of LMWH is a safe and effective strategy for the secondary
of non-pregnancy associated VTE. Preliminary evidence from two small observational studies supports
the evaluation of this strategy in pregnant patients to reduce the risk the major bleeding and cost of

care, while increasing the comfort for the patient.
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1.7 Guidelines and expert recommendations for PAVTE
Most of the current guidelines are based on data derived from observational studies of pregnant

patients(112;114;115) and randomized controlled trials conducted in non-pregnant patients(102-109).
The treatment of PAVTE was recently reviewed in four guidelines(21;61;79;80), four systematic
reviews(21;35;116;117) and at least six expert narrative reviews(33;34;90-93).

The American College of Chest Physicians (ACCP) guidelines are considered the 'gold standard' in
VTE prevention, diagnosis and management(118;119).

The guidelines were updated in 2012(71), and included the following: /- “For pregnant women with
acute VTE, we recommend therapy with adjusted-dose subcutaneous LMWH over adjusted-dose

UFH (Grade 1B)”; 2- “If LMWH is used for treatment of acute VTE in pregnancy, a weight-adjusted
dosing regimen should be used.”’; and 3- “Given the absence of large studies using clinical end points
that demonstrate an optimal therapeutic anti-Xa LMWH range or that dose adjustments increase the
safety or efficacy of therapy, the lack of accuracy and reliability of the measurement, the lack of
correlation with risk of bleeding and recurrence, and the cost of the assay, routine monitoring with
anti-Xa levels is difficult to justify.”

Guidelines from the UK Royal College of Gynecologists and Obstetricians, published in 2007 and
reviewed in 2010(79), recommend that women with antenatal VTE could be managed with
subcutaneous LMWH injections administered twice a day for the remainder of the pregnancy. Anti-Xa
monitoring was recommended in cases of extreme body weight (greater than 120 kg or less than 50 kg)
or renal impairment. The authors discussed the possible benefits of a reduced dose strategy, but given
the paucity of research pertaining to this population, they continue to recommend therapeutic doses
based on patient weight (for example, enoxaparin 1 mg/kg q 12-hourly; dalteparin 100 units/kg twice a
day up; tinzaparin 175 units/kg daily) throughout pregnancy. The guidelines favor LMWH over UFH

because the former is associated with a lower rate of major bleeding.
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The Society of Obstetric Medicine of Australia and New Zealand and the Australasian Society of
Thrombosis and Haemostasis(80) issued their recommendations for the management of PAVTE in
2011. They recommended using LMWH over UFH and administering a full dose either once a day or
twice a day, with anti-Xa monitoring reserved only for special situations.

The American College of Physicians and the American society of Family physicians(73) issued their
VTE management recommendations alongside a systematic review conducted by Segal et al(21) that

included 14 studies and 195 patients treated with UFH or LWWH until the year 2003(21). They

concluded that there was inadequate evidence to derive definitive recommendations for managing VTE

in pregnancy.

The first systematic review evaluating the use of LMWH during pregnancy was conducted by Sanson
et al(120) in 1999. They identified 18 patients treated with LMWH for pregnancy associated VTE.
None of them suffered a recurrent event.

The most cited systematic review evaluating the use of LMWH during pregnancy was conducted by
Greer et al in 2005(35). They included 15 studies; six of them were case reports evaluating 174
patients. The reported rate of recurrent VTE was 1.15% (95% CI, 0.14%-4.09%). There were no
maternal deaths and the rate of significant bleeding (defined as blood loss greater than 500 ml) was
1.72% (95% CI, 0.36%-5.00%). Table 2 presents the quality of the studies included in his systematic
review and the outcomes reported in each study (excluding case reports).

On close examination of the data evaluated by Greer et al(35), the number of recurrent events in the
study from Lepercq et al(114), was higher than the one reported by Greer et al(74). Greer et al claim
that only one case of recurrent VTE occurred in a patient treated with full dose enoxaparin for acute
VTE, but did not include four events occurring when the dose of enoxaparin was reduced to a 40 mg
once a day, after 90 days of treatment. Lepercq et al(114) clearly stated in their results that “Among

these eight recurrent VTE events, one occurred in a woman who took 20mg/day, six in women who
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took 40mg/day and one DVT despite 2mg/kg /day... Nevertheless, all reported VTE events before
delivery occurred despite thromboprophylaxis with enoxaparin 40mg/day in women who had a first
DVT during the current pregnancy”.

Yaakob et al(78) conducted a systematic review for the Cochrane Library evaluating the efficacy of
different anticoagulation regimens for the treatment of pregnancy related DVT. The authors included
only randomized controlled trials or quasi-experimental studies. They arrived at the following
conclusion: “At this stage we are unable to recommend the adoption of LMWH as a standard clinical
practice during pregnancy”. Compared to other systematic reviews(21;35), this group only identified
three potential studies(98;121;122). Also, they did not mention or comment on the findings from prior
systematic reviews(21;35) in their discussion.

Experts’ opinions in narrative reviews generally agree with guidelines supporting the use of LMWH
over UFH but differ when it comes to strategies for secondary prevention of PAVTE using LMWH:

i.  Rodger (2010): Favored LMWH over UFH and suggested full dose LMWH for the
acute period +/- anti-Xa monitoring, followed by the use of an intermediate dose
without monitoring, for the duration of pregnancy

ii.  Greer (2006)(91): Favored LMWH over UFH and suggested full dose given twice a day
without monitoring, for the duration of pregnancy

ii1.  Middeldorp (2011)(34): Favored LMWH over UFH and suggested full dose LMWH
once a day, or twice a day based on anti-Xa monitoring, for the duration of pregnancy

iv.  Marik (2010)(93): Favored LMWH over UFH and suggested full dose LMWH once a
day, without monitoring, for the duration of pregnancy

v.  Ayra (2011)(92): Favored LMWH over UFH and suggested full dose LMWH once a

day, with monitoring for the duration of pregnancy
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vi.  Bauersachs (2009)(90): Favored LMWH over UFH and suggested full dose LMWH
once a day or twice a day for the acute period, followed by full or intermediate doses
twice a day( monitoring reserved for special situations).

In summary, experts(33;34;90-93) and guidelines favor the use of LMWH over UFH for treating
PAVTE despite the absence of high quality evidence supporting those recommendations. Moreover,
they do not provide uniform guidance regarding best dosing strategies for secondary prevention (> than
30 days). Lack of high quality evidence and unified criteria for the management of PAVTE leaves the
practicing physician to decide the best treatment approach out of at least five different(33;34;90-93)
strategies for secondary prevention. As described above proposed strategies for secondary prevention

are full or intermediate doses of LMWH, given once or twice, with or without anti-Xa monitoring.
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Table 2Studies included by Greer et al (case reports are excluded)

Daskalakis(115)  Case series 1997 18 No Intermediate No 0
Ellison(123) Retg’gﬁgftﬁve 2000 10  NR Full No Yes 0
Jacobsen(124) P“Zi‘;f’;:tive 2003 20  Yes Full Yes Yes 0
Lepercq(114) Retg’;ﬁsftﬁve 2001 46  Yes  Prophylaxis  No NR 1
Rey(125) © “ésé’heggve 2000 20  Yes Full Yes Yes 0
Rodic(98) © “ésé’heggve 2002 33 No Full Yes Yes 0
Ulander(112) © “gf}fggve 2002 31 No Intermediate ~ No Yes 3

1.9 Summary

Physicians treating PAVTE face multiple challenges. First, high quality evidence for the support of
any strategy used during secondary prevention of PAVTE is lacking. Second, an approach based on the
physiologic changes associated with pregnancy, although reasonable, exposes the patient to higher
doses of LMWH for longer periods of time, perhaps increasing the risk of major bleeding, increasing
the discomfort associated with treatment and the cost of care. Third, the use of an intermediate dose of
LMWH (given once a day and without monitoring), which is an effective alternative to full dose
anticoagulation for secondary prevention in non-pregnant patients, could help physicians to reduce
adverse events associated with anticoagulation, simplify treatment and reduce cost of care.

In conclusion, although a favorable risk-benefit balance associated with an intermediate dose of
LMWH for the secondary prevention of VTE has been documented in the non-pregnant population
there has yet to be a well design study validating a favorable risk-benefit balance for this strategy in

pregnant patients.
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RESEARCH QUESTION

Is an intermediate dose of LWMH (given once a day and without anti-Xa monitoring) safe and

effective for secondary prevention of VTE in pregnant patients diagnosed with DVT or PE?

THESIS QUESTION

Is it feasible to conduct a single arm study using a reduced dose of LMWH for the secondary

prevention of VTE in pregnant patients?
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2.0 Selection of the study design

In the hierarchy of research designs, randomized controlled trials are considered the highest grade
evidence, whereas observational studies are viewed as having less validity because they reportedly
overestimate treatment effects(126).

The ideal study design to evaluate the safety and efficacy of an intermediate dose of LMWH (given
once a day without anti-Xa monitoring), is a randomized controlled study against the standard of care.
As will be discussed later, a randomized controlled study for this particular intervention would be

likely impossible and an alternative study design is needed.

2.1 Superiority, non-inferiority or placebo controlled?
In the absence of prior randomized placebo controlled studies evaluating the efficacy of LMWH for the

secondary prevention of PAVTE, should one be conducted? The answer is no, the declaration of
Helsinki stipulates that when an effective treatment exists the use of placebo is unethical and should not
be conducted(127). This is the case for studies evaluating the efficacy of anticoagulation for patients
diagnosed with VTE. The only randomized placebo controlled study was conducted in the 1960s by
Barrit and Jordan(54), showing a significant reduction of recurrent VTE (23 vs. 0%) and mortality in
patients of the treatment group receiving anticoagulation (but not specifically LMWH)(25 vs. 0% rate
of recurrent VTE, and a statistically significant reduction in mortality). Proof of efficacy of
anticoagulation was also shown in a small randomized studies comparing UFH/Vitamin K antagonists
vs. Vitamin K antagonists alone(128); or UFH/Vitamin K antagonists vs. low doses of UFH(129) in
patients who are immobilized. The only study challenging the benefit of anticoagulation was conducted
by Nielsen et al(130). The authors claimed that anticoagulation was no better that anti-inflammatory

drugs for the treatment of objectively diagnosed DVT in patients who were actively mobile. Still, given
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the accepted efficacy of anticoagulation a randomized placebo-controlled study would be considered
unethical.

A superiority study evaluating the efficacy of a reduced dose strategy to prevent recurrent VTE would
face severe limitations. First, although the systematic review suggests that a reduced dose regimen
appears to have similar efficacy to a full dose regimen this assumption is based on small observational
studies which could have been subject to bias (as will be discussed later). Second, intermediate doses of
LMWH are not expected to have greater efficacy than full doses. A recent meta-analysis suggested that
using very low doses of LMWH (e.g. prophylactic doses) increases the chances of recurrent VTE(110).
Furthermore, given that physiologic changes during pregnancy are associated with increased excretion
of LMWH(97), this assumption would be implausible from a pharmacological standpoint. On the other
hand, a superiority study comparing a reduced dose of LMWH against full doses of LMWH for
secondary prevention could aim to prove that an intermediate dose is associated with a reduction in
major bleeding. Major bleeding is a serious complication of anticoagulation that carries a high
mortality rate (10% case fatality rate)(55). A superiority study aiming to show a clinically relevant
reduction of forty percent in the rate of major bleeding (set for a power of 0.8 and a two sided alpha
level 0.5) would require 3476 participants in each arm without adjusting for the rate of loss to follow
up. This study would also face some an ethical limitation: The main objective of anticoagulant
treatment is to reduce recurrent VTE(59;61;71). Currently there is no high quality evidence to support
the efficacy of a reduced dose strategy for the secondary prevention of recurrent VTE in pregnant
associated VTE(33;90) potentially exposing patients to a less effective treatment.

Ergo, the ideal study design to evaluate the proposed intervention would be a randomized controlled
non-inferiority study, comparing standard full dose therapy against an intermediate for secondary

prevention (started 30 days after the initial treatment given once a day without anti-Xa monitoring).
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2.2 Non-inferiority randomized controlled study
Assuming, that the active control would have been superior to a placebo, if a placebo-controlled study

was conducted, a non-inferiority study states as a null hypothesis that the new drug is inferior by some

margin and tests this statistically(127;131-137).

HO: C—T > M (T is more inferior to C than M); null hypothesis

H1: C—T <M (T is less inferior to C than M); alternative hypothesis

[C represents the control, T represents the new intervention and M defines the non-inferiority margin

(from here on referred to as -A)]. If the 95% C.I. upper bound of the new drug is smaller than the non-

inferiority margin, the null hypothesis of inferiority is rejected(127;131-137).

The first question to be answered in order to demonstrate non-inferiority is if there evidence of ‘assay

sensitivity’(138;139). The ability of a study to distinguish between active and inactive treatments is

termed assay sensitivity. To demonstrate or establish assay sensitivity in the non-inferiority trial we

must have assurance that the active control would have been superior to a placebo if a placebo was

employed(127). If assay sensitivity cannot be proven the study cannot demonstrate effectiveness of the

new drug over placebo(139).

To demonstrate assay sensitivity three conditions are needed(138):

1. Historical evidence of sensitivity to drug effects (HESDE). HESDE is assumed when

appropriately design studies in a specified population have consistently shown the effect of
a drug over placebo. The use of anticoagulation for the treatment of VTE is one of the areas
where HESDE has been proven, albeit with certain limitations. The main limitation in the
area of anticoagulants is that the only study showing efficacy of anticoagulation with
heparin against placebo was conducted more than 50 years ago (123), in non-pregnant
patients and without an objective diagnosis of VTE (123). Additional proof of the efficacy
of IV UFH in treatment of acute VTE was provided by Brandjes et al(128) who performed a

randomized double-blind study comparing UFH with Vitamin K antagonists against VIT K
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ii.

antagonist alone. The study was terminated early given the high rate of recurrent VTE in
patients not receiving UFH. Nevertheless, given the current knowledge regarding the high
mortality rate (around 35%) associated with untreated VTE (4), it would be unethical to
conduct a placebo study. HESDE of the comparator could be assumed from historical data
and indirect evidence of studies using "less effective therapy” in the non-pregnant
population as shown in table 3.

Constancy assumption. Assumptions of HESDE apply only when the prior studies were
conducted in a similar population, using similar inclusion criteria and endpoints (or
constancy assumption), as any changes in the prior criteria could alter the effect size of the
active control. In the studies included in table 3 pregnant patients were systematically
excluded and patients were treated with a combination of UFH/Vitamin K antagonists. Most
of the studies evaluating non-inferiority of new oral anticoagulant agents(140-142) have
used prior data of patients treated with UFH and Vitamin K antagonists, assuming that the
constancy assumption holds(127). The treatment of VTE had not changed until the 1990s
when LMWH was introduced into clinical practice, showing superiority over UFH in
multiple randomized controlled trials (143). Furthermore, the introduction of CT scanners as
a diagnostic method for PE has been(19) associated with changes consistent with over
diagnosis: i.e., rising incidence, minimal change in mortality, and lower case fatality rate.
Authors have suggested that the benefit of treating less severe forms of the disease should
be reevaluated(144) as short-term prognosis for recurrent thromboembolism may be lower
than the risk of adverse events with anticoagulation(145). Based on those two facts, the
constancy assumption would not hold as the total effect of anticoagulation would be lower
than previously assumed, leading studies to require more conservative -A than previously

used.
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iii.  Quality of the prior studies. Even if HESDE exist, the design of prior could lead to an over

estimation of the effect of the control. Factors affecting the quality of the prior studies are

lack of diagnostic criteria for inclusion, poor quality of measurements or selection of more

susceptible populations. As an example the study by Barrit et al included(65) patients

without an objective diagnosis of PE. Patients received not only UFH but were mandated to

remain immobilized during treatment, which is proposed risk factor for death and recurrent

VTE(56). The adjudication of outcomes was based on subjective criteria, and physicians

were not blinded to the treatment group. All these factors would affect assay sensitivity.

Table 3Studies supporting the efficacy of anticoagulation for the treatment of VTE

Year 1960 1979 1985 1985 1986 1992 1995 1995 1995
N 37 68 135 51 105 120 73 214 897
PE included Yes No No No No No Yes No Yes
(LIETE Warfarin x v IE{)FH DI e Warfarin
Comparator Placebo 5000 4 K Placebo < oht Placebo  no weight X X6 K
BID wWeeks wels adjusted 4weeks weeks
adjusted
Recurrent
VTE
Intervention 0/57 0/17 4.5/8.7 0/25 5.2/19.3 3.3/16.7 5/25 0.9/5.9 0.9/5.9
vs. control
(%)

In conclusion, assay sensitivity has been assumed for multiple studies evaluating new anticoagulants

drugs in the non-pregnant population. The extrapolation of assay sensitivity to the pregnant population,

although logical, would be undermined as most of the studies comparing anticoagulation against

placebo excluded pregnant patients and had methodological limitations.

2.2.1 Non-inferiority study: Selection of the comparator

The second question to be defined is: Against what strategy should the use of intermediate dose of

LMWH for the secondary prevention of PAVTE be tested for non-inferiority? The selection of the right

comparator is fundamental to avoid biocreep(127;136;137). Biocreep is the phenomenon that occurs
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when an inferior treatment becomes the active control for future non-inferiority studies, leading
eventually to use a control that is no better than placebo(127). To avoid biocreep the control should
always be the best comparator.

Since most guidelines and experts agree that full dose LMWH for the duration of pregnancy is the
standard of care, ergo it should be the selected comparator for the study. What dosing strategy or the
use of monitoring remains a matter of debate.

In general, studies comparing differences between strategies using once a day or twice a day doses of
LMWH are small randomized controlled trials (153) in the non-pregnant population and observational
studies in the pregnant population(154). Of the five randomized(155-159)controlled trials in non-
pregnant patients, none were adequately powered to show any relevant differences in recurrent VTE.
Most of the authors(33) who support once a day dosing for patients treated for PAVTE cite three
studies as proof of similar efficacy between the two dosing strategies. Only the concurrent control
study by Narin et al(154) was specifically designed to answer this question. Moreover, it was not a
randomized controlled study. Narin reported no differences in outcomes between both treatment groups
but the sample size was too small (total sample 35 patients) to identify any relevant differences.

The other two studies reported(46;82)the outcomes for patients with PAVTE treated either once a day
or twice a day with LMWH however, these studies were not specifically designed to address this
question.

In the survey conducted by Voke et al(82), 24% of patients initially treated with once a day dosing
were then switched to twice a day dosing. An explanation for this finding might be the high prevalence
of anti-Xa monitoring in this particular study. Still, none of the patients treated with once a day dosing
suffered a recurrent event.

Knight et al (46)specifically evaluated treatment strategies for pregnancy associated PE in a registry.

They reported that 49% of the patients were treated with once a day dosing yet when the analysis is
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limited to drugs that can be given either once a day or twice a day (dalteparin or enoxaparin), only 39%
of the patients were treated with once a day doses.

Although discouraged by current guidelines(71;79), anti-Xa monitoring is common in clinical
practice(74;82). As shown in the systematic review by Greer et al, the use of anti-Xa monitoring to
guide LMWH dosing was documented in the majority of studies(74). Voke et al reported that more
than 76% of the patients treated with LMWH were monitored with anti-Xa levels(82).

The above evidence clearly suggests that in the absence of well-designed randomized controlled trials,
and to avoid biocreep(127;137), the comparator should be the most likely to be the most effective
strategy used in clinical practice. Therefore if a randomized study was to be conducted, an intermediate
dose of LMWH given once a day and without anti-Xa monitoring for secondary prevention of PAVTE
should be compared against full dose LMWH given twice a day and with anti-Xa monitoring. An
advantage of using full doses as a comparator is that it would represent the current standard of care
accepted by a majority of physicians and clinical guidelines. The use of full doses of LMWH given
twice a day guided by anti-Xa monitoring for secondary prevention would provide the perspective of
current practices outside guidelines, although it could be argued that evidence supporting this approach
is lacking.

2.2.2 Non-inferiority study: Estimation of the non-inferiority margin and

sample size calculations
The third question is: What is the -A? The determination of the margin is the most critical step to

evaluate non-inferiority(136). The margin quantifies the worst-case loss in efficacy that is clinically
acceptable while considering the advantages of a new treatment. The methodology used for its
estimation is not standardized(160;161). The International Conference on Harmonization(162)
guidance advises that the determination of the margin should be: 1) specified a priori before the study
initiation, 2) based on both clinical judgment and statistical reasoning, and 3) reflect the uncertainty of

the available clinical evidence. However, what constitutes a clinically acceptable difference is
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ultimately a matter of judgment and might vary widely for physician, investigator and outcomes used
(e.g. hard vs. soft) (136).

The definition of -A is based on two values (M; and M,)(133), which need to be chosen before the non-
inferiority study is performed. M, is defined as the entire effect of the active control, assumed to be
present in the non-inferiority study, corresponding to the lower bound of the 95% confidence interval
for control—treatment. The choice of M, should be based on the following premises(133):

i.  Treatment effect estimated using historical evidence of sensitivity to drug effects with active
control drug, using a meta-analysis. In the case of the proposed study, the treatment effect
should be assumed from extrapolations from a single small randomized controlled study,
conducted 50 years ago(54), in a different population without an objective diagnosis of the
disease; from small randomized studies conducted in non-pregnant patients with a diagnoses of
DVT receiving less effective treatments(129) or shorter duration of treatment(152); or historical
data from observational studies not evaluating the role of placebo.

it.  Using historical evidence of assay sensitivity as the basis of M, for the non-inferiority study is

only appropriate if the constancy assumption holds.

When M, cannot be calculated one solution is to simply use what is believed to be a conservative
estimate of the effect of the active control over placebo(135). The FDA guidance(133;162)clearly states
that there should be a good estimate of the historical spontaneous cure rate or outcome without
treatment for this approach to be used. For example, if the spontaneous cure rate of a disease is 10-
20% and the cure rate with an active control is 70-80%, these are substantially different and an
acceptable margin, generally chosen conservatively, can probably be identified for M;(133;162). As
discussed above, there is clear (although limited) evidence that anticoagulation with UFH is more
efficacious than placebo(54), than less effective therapies(128;129);and that LMWH are more effective

than UFH in large randomized controlled trials in the non-pregnant population(143).
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The clinically acceptable loss of this effect can then be determined for M,. M, is defined as the largest
clinically acceptable difference of the test drug compared with the active control(132;136;137). The
derivation is to be based on the largest loss of effect that would be clinically acceptable; therefore,
quantifying how much of the effect of the active control needs to be preserved. Generally it can never
exceed M (127;131-137). By knowing M,the value of —A can be calculated.

M, preserves some predetermined fraction of the estimated active control effect, for example, 50 or
75%. The food drug administration generally recommends a conservation of the clinical efficacy of
50% in studies evaluating intervention in cancer and cardiovascular diseases(133;162).

One recommended approach to elicit -A is the use of the Delphi method, where experts (or sometimes
even patients) provide their input(131). This method has been criticized for its lack of scientific
validity(131).

Sample size calculations for non-inferiority studies are based on the following formula(127;137):
Pr[(C0T—"60C)—1.96 SE ("0T — " 6C) >—0T — 6C = y]> Desired power

For the prior formula the sample size must be large enough so that the probability (Pr) is sufficiently
high that the lower bound of the 95% CI (1.96 SE) for the estimated difference between the treated
group (67)and the control group (6C) is greater than the margin, -A, when the true difference between
the groups, 6T-0C, is y(137). The sample size for a non-inferiority trial is usually calculated under the
assumption that the experimental agent and control treatment have equal effects.

If a non-inferiority study was to be conducted in pregnant patients diagnosed with VTE aiming to show
that an intermediate dose (given once a day and without monitoring) is not inferior to full doses (given
twice a day and monitored with anti-Xa levels) it would require 3045 participants. The assumptions for
the calculation of the sample size needed were: 1- that the rate of recurrent VTE during secondary
prevention of PAVTE with full doses of LWMH given twice a day and monitored with anti-Xa levels

is 1.15%; 2-M, was 4.5% based on the systematic review by Greer et al including observational studies,
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as there no prior randomized studies in the pregnant population; and 3-M, was assumed using a
conservative OR of 2.3 corresponding to a -A of 2.6%, which is similar to recent non-inferiority studies
evaluating new oral anticoagulant agents in non-pregnant patients, and would lead to at least a
conservation of the efficacy of more than 50%. Based on these assumptions, 3045 participants
(accounting for a 15% loss to follow up) would provide a power of 90% to demonstrate that the
reduced dose is non-inferior to standard therapy, at a one-sided alpha level of 0.025, excluding an OR
of 2.9 with a preservation of the fraction greater than 50%. The selection of a single sided test was
based on the biological implausibility that a reduced dose of LMWH will be more effective than full
doses to prevent recurrent VTE. More conservative approaches to determining -A, would lead to larger

sample sizes as shown in Table 4.

Table 4Sample size calculations for a non-inferiority study

0.025 0.025
0.012 0.012
1 1
0.015 0.021
1.5 2.1
Sample * Sample *
6000 1400
8500 2000
10000 2200
*Sample for one arm not including loss to follow up

2.3 Is a randomized controlled non-inferiority study feasible?
A non-inferiority study should be conducted when a new treatment has some benefits over the standard

treatment and physicians would be willing to sacrifice some degree of efficacy for those benefits. The
advantages could be ease of use, dosing schedule, or most importantly, an improved safety profile.
Patients affected by PAVTE represent a challenging population to conduct randomized controlled
trials. As an example, consider use of LMWH for PAVTE compared to UFH for PAVTE. Despite

LMWH being widely recommended by experts and LMWH’s benefits over UFH shown in well design
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randomized controlled trials in non-pregnant patients, no RCTs have been conducted to evaluate
LMWH compared to UFH for the treatment of PAVTE. Notably, in the era of the systematic review of
LMWH use in pregnancy by Greer et al, more than ten thousand non-pregnant patients were included
in twelve randomized controlled comparing UFH vs. LMWH for the acute treatment of VTE. In
comparison, only 124 patients with PAVTE treated with LMWH were included in 7 published
observational studies.

One relevant factor that limits participation of pregnant women in randomized controlled trials is that
pregnant women need to weigh the risks and benefits of participation not only for herself, but also for
the baby(163). Pregnant patients with PAVTE cannot be exposed to vitamin K antagonist (see section
1.4) due to the potential risk of fetal malformation, Beyond the safety limitations, other factors limit the
feasibility of conducting randomized controlled trials in patients with PAVTE. These factors are the
incidence of the PAVTE, the number of outcome events in PAVTE patients and the difficulty in
enrolling pregnant patients in injectable drug trials (Cite Gates in refman and burrows in refman).
Jacobsen(164) et al in their study evaluating the efficacy of dalteparin for the treatment of PAVTE
provide a relevant reference to elucidate the potential limitations of a randomized controlled study. The
investigators invited all the hospitals in Denmark to participate (population ~5 million). The study only
enrolled 21 patients over the course of 12-months (estimated to be 1/3 of the new cases of PAVTE
during the same period of time).

A non-inferiority randomized controlled trial trying to demonstrate that an intermediate dose of
LMWH is non-inferior to full dose LMWH for the secondary prevention of PAVTE would require at
least 3000 participants to exclude that an OR of 2.1 or a loss in efficacy greater than 1.25%, assuming a
baseline rate of events of 1.15% (power of 90% and a single alpha of 0.025).

The incidence of ante-partum PAVTE is too low to enroll enough participants in a large multi-center

randomized controlled trial. A perspective on the number of potential subjects to be enrolled in Canada
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can be derived from the 2005 census. In 2005, 447,485 women were pregnant in Canada (including
miscarriages). Assuming that 1.5 pregnant women out of 1000 would develop a VTE and that one third
of those would occur during the ante-partum period, the total number of PAVTE event would be
894withonly, 223 of those would occurring during the ante-partum period per year. Assuming that: 1-
the real rate of recurrent VTE with either treatment arm is 1%; 2-we could conduct a study including
200 centers in Canada (that take care of at least 10000 pregnant women every year each year; 3-each
center enrolled five patients per year (or all eligible cases); it would take at more than four years to
complete the study.

Despite all the limitations described above, large well design randomized multicenter studies have been
conducted successfully in pregnant patients for different medical conditions with similar expected
number of outcomes or prevalence of the disease. The Magnesium sulphate for Prevention of
Eclampsia (a disease which complicates 2 to 8% of all pregnancies with an expected 1% of the patients
suffering the outcome of interest) was a randomized placebo controlled study aiming to enrol 14000
patients in 175 centers to demonstrate a reduction in events greater than 50%. The study was
successfully completed within 3 years, using a 15% smaller sample size as the rate of primary events
was higher than expected in both groups. Furthermore, successful and well design randomised
controlled trials have been conducted in patients with eclampsia enrolling a total 2558 patients.
Eclampsia has a similar prevalence to PAVTE (0.03 to 0.7% prevalence depending on the country and
economic setting), but it is associated rate of events close to 10%.

Even though successful RCTs have been conducted in pregnant patients for conditions with similar
prevalence of the disease or expected number of outcomes; recruiting pregnant patients for randomised
controlled trials, especially for studies for the prevention of PAVTE, appears to be challenging (164).
The use of injectable medications, and the hassles associated with the treatment, for the duration of

pregnancy or for long periods of time during pregnancy appears to discourage patients to participate. In
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our study the use of a double blind design would expose all patients to twice daily injections and
multiple anti-Xa measurements (Assuming that full dose LMWH given twice daily with anti-Xa was
the selected comparator). It is understandable that given the discomforts associated with the study
patients will be unwilling to participate.

Other specific participant factors associated with low recruitment rate are: 1-Women and parents may
overestimate the risks involved in trial participation and overestimate the benefits of untested
interventions;2- Potential risks for the baby dominate over potential risks for the mother when
deciding to participate; 3-The process of recruiting mothers and babies into trials often impacts the
decision to participate; 4-Communication skills of recruiters are important to potential research
participants; 5-The timing and method of approach may impact a woman’s decision to participate; 6-
Practical concerns about the trial medications/treatments; and 7- Women and parents may not
understand specific aspects of the trial design such as randomisation, blinding and the use of placebos.
Proposed strategies from the Women and Babies Health and Wellbeing: Action Through Trial
workshops(163) to increase recruitment into studies enrolling pregnant patients are:1- provide
information that is important to participants (not researchers); 2- use a personalised approach in terms
of method and timing of approach and request for consent to participate; 3- make it easy to participate
by making trial protocol not too onerous;4- use different methods for reaching participants including
pamphlets, telephone and mass media; S-increase transparency of information provided about treatment
and research to help potential participants understand the need for a trial; and 6- Assure potential
participants that there will be no compromise in care if they choose not to participate. These
recommendations have not yet been validated in prospective studies.

For all the reasons discussed above, it should be concluded that a non-inferiority randomized controlled

trial is extremely unlikely to be feasible. Given the significant limitations in achieving the needed
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sample size and that an alternative study design to evaluate the safety and efficacy of an intermediate

dose of LMWH for the secondary prevention of PAVTE is needed.

2.4 Alternative study design
From the discussion above, it seems that despite the potential multi-center and multi-year nature of

study evaluating the efficacy of an intermediate dose of LMWH for the secondary prevention of
pregnancy associated VTE, the number of patients forecasted to be eligible and enrolled in a study
evaluating the use of an intermediate dose of LMWH for the secondary prevention PAVTE, is clearly
insufficient to render a randomized controlled trial feasible. Finally, the cost of such a large trial would
also be prohibitive for peer review grant agencies.

Given the anticipated recruitment constraints, the low prevalence of the disease, and low rate of the
outcome of interest use an alternative study design to evaluate the proposed intervention was sought.
Alternative study designs include 1) Observational studies or 2) Non-randomized studies.
Observational studies such as cohorts or case-control have been used to assess efficacy of therapeutic
strategies(165). By using rigorous methodology observational studies can provide estimates similar to
those of randomized controlled trials (126;166;167), although the literature is fraught with cautionary
examples supporting the notion that observational studies should be carefully used to assess efficacy
[i.e. hormone replacement therapy for the prevention of cardiovascular events in women(168)].
Among the many bias affecting observational studies, confounding by indication has been cited as the
most relevant bias(169). Proposed solutions for the use of observational studies assessing efficacy
include identifying “zero-time” for patients’ eligibility and status, using specific inclusion and
exclusion criteria, adjusting for susceptibility (confounding) factors, using the statistical methods of
randomized controlled trials; and analysis using propensity scores, matching or
regression(126;168;169). Regression methods use logistic regression models for short-term outcomes

or a proportional hazards model for longer term outcomes, using the outcome as a dependent variable.

35



The type of treatment is used as an independent variable along with factors suspected or known to be
related to adverse outcomes(170). Propensity analysis matches patients in an observational study with
regard to characteristics that are associated with the choice of treatment. Typically, this is done by
developing a logistic regression model that has choice of treatment as a binary dependent variable and
the characteristics associated with treatment choice as the independent variables(168;170). Then,
subjects with similar probabilities of receiving the same treatment can be identified and directly
compared.
The efficacy of an intermediate dose of LMWH for secondary prevention of PAVTE could be
evaluated using a simple prospective observational cohort of all patients treated with LMWH for
pregnancy associated VTE. In this study design all patients treated would be enrolled using similar
inclusion criteria to those used in a randomized controlled study and the results analyzed with a
propensity scores to reduce confounding by indication(168).
This alternative could produce a similar effect size to those of randomized controlled trials but the
results would be more generalizable given the increased external validity(168). A cohort study may
also be used to provide an indirect comparison of multiple treatment strategies to select the best
treatment strategy for the secondary prevention of pregnancy associated VTE. Given the wide variation
in practice and recommendations for the use of LMWH during secondary prevention of
PAVTE(20;33;34;90;93), an observational study would face bias that would be difficult to account for
and reduce the validity of the results. For example, some of the potential strategies using LMWH for
secondary prevention after the acute treatment period are:
1.  LMWH full dose given once a day monitored by anti-Xa levels
1.  LMWH full dose given once a day not monitored by anti-Xa levels
i1i.  LMWH full dose given twice a day monitored by anti-Xa levels

iv.  LMWH full dose given twice a day not monitored by anti-Xa levels
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v. Intermediate dose LMWH dose given once a day monitored by anti-Xa levels
vi.  Intermediate dose LMWH dose given once a day not monitored by anti-Xa levels
vii.  Intermediate dose LMWH dose given twice a day monitored by anti-Xa levels
viii.  Intermediate dose LMWH dose given twice a day not monitored by anti-Xa levels

ix.  Prophylactic doses after 90 days of treatment with full doses of LMWH.
Finally crossover during secondary prevention is common, as shown by Voke et al(82), and would
have a severe impact in the interpretation of the results. Nearly 20% of patients treated with full dose
LMWH experienced a change on their dosing strategy (once a day from twice or vice versa) after the
initiation of the secondary prevention phase.
In light of all the issues discussed, a non-randomized experimental study could be a more appropriate
design for the evaluation of an intermediate dose of LMWH for the secondary prevention of PAVTE.
Non randomized studies are usually considered quasi-experimental(126) because they lack
randomization. Non randomized studies are frequently used when it is not logistically feasible or not
ethical to conduct a randomized controlled trial(171).Quasi-experimental designs are typically
represented by three different groups(165): Single arm without control (or using historical data), before
and after, and non-randomized concurrent control.
Before and after studies are usually conducted for the evaluation of the quality of medical
interventions. With this study design the outcomes are measured before the intervention is implemented
and compared with outcomes measured afterward. Accuracy of the estimates are highly dependent on
the selection of the prior controls(171;172) and temporal trends(173). Temporal trends are relevant in
the assessment of outcomes as many outcomes change over time, regardless of whether an intervention
has been applied. Evaluation of temporal trends requires lengthy evaluations of the efficacy of prior

care before comparisons with new interventions can be made(173).
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Non-randomized concurrent control studies, although sometimes are preferred as they do not require
randomization (and increase enrollment rate), also have limitations(171). The main one being
unexpected differences between the two study groups making them not comparable. Furthermore, they
also require large sample sizes to detect small differences as would be expected in our proposed study.
For their discussed limitations both concurrent control studies and before-after studies are not suitable
designs for the evaluation of an intermediate dose of LMWH for secondary prevention of pregnancy
associated VTE.A single arm study would likely be the appropriate study design

Single arm studies

Single arm (169;174) studies are not commonly used to assess therapeutic interventions, beyond phase
IT studies in cancer, diseases with a low prevalence or special populations (i.e. children); but they have
been widely employed for the evaluation of diagnostic strategies (175-180) and medical devices. They
provide relevant clinical information such as the rate of recurrent VTE at 90 days, after a negative
diagnostic test without the need for a direct comparison(181) and they have been cited as proof of
efficacy for the use of different diagnostic strategies(177;182) in recent clinical guidelines(72;183).
The main difference between a single arm study and a cohort is that in the single arm the intention is
experimental rather than observational(174;184).

The food and drug administration typically recommends the use of randomized controlled trials; as
such studies provide the highest level of clinical evidence and patient comparability. However, in
accordance with the “least burdensome” provisions specified in the FDA Modernization Act of
1997(185), data from alternative study designs, such as single-arm studies, provided the data are
scientifically sound and free of bias, is now accepted as proof of efficacy.

Single arm studies have been previously used to successfully change the diagnostic management of
VTE(176-180) and medical devices(185;186). Single arm adapt principles of randomized controlled

trials (187) to the design of observational studies by: determining a patient's eligibility and baseline
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features; using inclusion and exclusion criteria; and using similar statistical methods (e.g., intention-to-
treat analysis).

The main advantage of single arm studies is that they can reduce the number of participants needed to
achieve statistical power by 50% or more, depending on the methodology used for the sample size
calculations(188). Sample size is usually based on what is considered “gold standard rate or data from
historical controls” and an upper margin using prior reported rates or expert consensus(175-180).
Single arm studies are useful when the following conditions exits(171;189): 1-Without an intervention
an effect is not likely to occur.; 2-The effect of the intervention is large;3-No prior study has evaluated
the intervention correctly; 4-the population is homogenous; and 5-appropiate patients are rare.

For the proposed study evaluating the use of intermediate dose of LMWH for the secondary prevention
of VTE all those conditions are met. First, as shown in figure 1, in non-pregnant patients’ historical
data from small placebo controlled studies or studies comparing “least effective strategies”,
anticoagulation is effective for the prevention of recurrent VTE. Second, anticoagulation the use of
anticoagulation is assumed to results in a significant reduction of severe outcomes such as death of
recurrent VTE. Third, to date only two small studies(113;190) have evaluated the intervention. Fourth,

it is expected that the population is going to be homogenous. Fifth, the incidence of PAVTE is rare.

2.4.1 Single arm study methodology
In single arm studies the effectiveness of the intervention is compared, in general, against historical

data but they are not primarily intended to be comparative(191-193). Nonetheless, they do involve an
implicit comparison of the new agent with the standard agent or medical device based on prior
data(174;191-193).

The selection of the data supporting the efficacy of the comparator is one of the most critical steps for
the design of this type of study(194). Estimations of effects based on low quality historical data or the

assumptions of large estimates for the new intervention have been blamed for an over estimation of the
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efficacy in phase II single arm studies when posterior phase III randomized controlled trials are
conducted(195).
Two approaches have been proposed for the selection of controls:

i.  Non-concurrent controls: the control arm was treated prior to the beginning of the
enrollment of patients in the treatment arm or the control arm is constituted by
patients in a previously finished study.

ii.  Information about controls is extracted from outside the study via synthesis of
previously conducted studies or accumulated clinical experience.
In general the use of non-concurrent controls requires compliance with the Pocock conditions. The
Pocock condition(172) states that a concurrent control study can only be conducted if all of the
following are met:

i.  Control group received the precisely defined treatment in a recent study. As it will
be shown in the systematic review and survey this condition would not be met if
physicians use multiple strategies for secondary prevention

1. Criteria for eligibility, workup and evaluations must be the same in both groups.
Most of the studies included in the systematic review did not use the same criteria
for inclusion, and furthermore, did not use standardized methods for the assessment
of the outcome

1.  Prognostic factors are completely known and the same in both groups.

iv.  No unexplained indications lead one to expect different results. Patients with PE are

more likely to be treated with more aggressive strategies than those with DVT; given

the perceived risk in those with PE
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v.  If'there are differences in prognostic factors, they are not sufficient to explain any
observed difference in outcomes. Current trends show probable over diagnosis (or
treatment of less severe forms of the disease) affecting the prevalence of outcomes.

vi.  The previous study must have been performed largely in the same institution and by
the same investigators. The use of controls extracted for the literature is not
recommended because, in general, they do not comply with the five prior conditions.

In a single arm study without controls the comparison is usually made using data collected from the
patients enrolled into the study and information collected via synthesis of prior studies and/or clinical
judgment. A numerical value is currently the most common form for the extracted comparator and has
been referred as objective performance criterion (OPC), goal or target value for studies evaluating
medical devices and/or diagnostic strategies. It has been recommended that statistical reasoning is
applied for the selection of the value although sometimes it can establish by clinical judgment.

The information extracted from the literature, regarding the efficacy of prior interventions, needs to be
representative of the target population of the study. Reported limiting factors are: limited availability of
high quality historical data, participant variability and assurance of generalizability across time and
patient populations(196).

The approach to the selection of controls or the margin to claim efficacy or non-inferiority has varied
significantly in the VTE and anticoagulant literature. Some approaches used have been best clinical
judgment(182;197), reports of prior studies(198;199) or systematic reviews(177;200) (as shown in
table 5). In general studies approaching the determination of the margin using systematic
reviews(177;200) required bigger sample size compared to the best clinical judgment (182;197) or

historical data (198;199)approach to evaluate the same intervention.
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Table 5Methodology of single arm studies conducted in the field of thrombosis

Stopping Based on 1% increase Thrombotic
warfarin for LMWH No, stratified . in 95% event and
Pengo(200) . Yes A . systematic . 1262
surgical bridging by risk . confidence major
review .
procedure level bleeding
Wii?:rri)rllntgor LMWH Hight 95% = T;l\f:rlll: l;igc
Kovacs(197) . Yes A Yes NR for main . 200
surgical bridging major
outcomes .
procedure bleeding
Stopping .
warfarin for LMWH No, stratified Prior Bleedln.g not Bleeding;
Malabo(199) . Yes P . . exceeding a ; 300
surgical bridging by risk literature 45% thrombosis
procedure e
Same margin . Objective
. Suspected D- . Not higher
Perrier(198) PE Yes dimer/US/CT Yes as prior than 4% recurrent 956
studies VTE
Upper bound .
Van  Suspected Yes D- Yes Systematic 0f 95% CI ?ebcjlffrt;f 3306
Belle(177) PE dimer/US/CT review does not
VTE
exceed 3%
o Lo
Suspected D-Dimer/US/ Clinical Sl Cldloss layseite
Wells(182) Yes Yes . not exceed recurrent 930
PE VQ scan judgment 1% VTE

Typically, the null and alternative hypotheses take the one-sided formulation(188;196):

‘Hp: 0< Co; Hy: 0>Cy

0 is the parameter of interest associated with the primary endpoint considered. For the purpose of

power or sample size calculation, 0 is assumed to be C;. The values Cy and C| are based on the

information extracted from the literature with C; representing the expected performance of the

intervention and Cyrepresents the target value to exclude.

Hypothesis testing is based on the Z distribution, using the following formula(188):

Z=p -/ [N (1- m)/n]

P corresponds to the observed proportion, = is the hypothesized proportion and n is the number of

participants enrolled. Just like the T-test, the Z-test divides the difference between the observed and the
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expected proportions by the standard error. In general, it is recommended that the approach is based on
a one-sided test(201), although a two sided test could be used when there are expected benefits for the
intervention.

Recently, experts(201-203) and the FDA(185)have advocated for the use Objective Performance
Criteria (OPC) or Objective Performance Criteria Goals (OPG), against which new interventions can be
tested in single arm studies when randomized studies are difficult to conduct (i.e. mechanical valves or
medical devices)(186). An OPC/OPG design is design to evaluate a new intervention against a set
value based on pre-specified criteria(201). To be granted approval by the FDA, manufacturers of heart
valves, have to demonstrate “that the observed rates for the study valve are significantly less than 2
times the OPC"(186) with their new product. In this case the OPC is calculated by rate of systemic
embolism for all the valves approved by the FDA. Sample sizes are usually calculated using a one-
sided hypothesis test, with an alpha 0.05 and a power of 0.80(186;201;202).

To avoid conducting single arm studies that would not show any benefit, “futility studies” have been
proposed(195). In futility studies, the null hypothesis states that the experimental therapy is sufficiently
promising, whereas the alternative hypothesis states that the experimental therapy lacks the pre-
specified superiority(204), reversing the logic behind the null and alternative hypotheses in the
traditional efficacy design. The main advantage of this study design is that the required sample size is
reduced by five to ten folds. Three key elements serve to achieve this. 1) The one-sided nature of the

hypotheses; 2) larger values of alpha, e.g., 0.10 (1-tailed); and 3) the use of only a single arm(195;204).

2.4.2 Limitations for the use of single arm studies

Single arm studies are not primarily intended to be comparative, but they do involve an implicit
comparison of the tested intervention with the standard agent or medical device based on prior

published data or clinical judgement/impression. Their main limitation is that in a situation where there
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is considerable uncertainty or lack of agreement about the event rates from historical data, the absence
of a controlled arm makes the results difficult to interpret.

The results of observational studies, or in this case a single-arm study, do not appear to need
confirmation from randomized controlled trials when:

I- "All or none" criterion is met(205). For example jumping out of an airplane with a parachute
does not require a controlled arm to prove that use of parachutes reduces mortality(206). In our
scenario of PAVTE therapy one could assume that full dose LMWH is100% effective in the
reduction of .recurrent VTE, but we could hypothetically imagine that it was also associated
with a severe side effect (e.g. 50% of fetal malformations). In such a scenario a single arm study
could be designed that would have the 90% power with a single sided alpha of 0.25, to exclude
an increase 1% in the rate of recurrent VTE, without the need of exposing patients to a risk of
fetal malformation. The sample size of such a design would be 381 participants. Most observers
and interpreters of this literature would no doubt prefer this study design to an RCT.

2- When the effects of the intervention are large(205). Rate ratios > 10 are highly likely to reflect
real treatment effects, even if confounding factors are associated, because such extremes are
unlikely to occur without the intervention. In 1936, Colebrook at al., (207)proved that
treatment with sulphas reduced puerperal mortality by a more than 10% (baseline rate of events
was 22%), regardless of the natural trend seen by improving patient care.

Beyond these two extremes situations, the results of observational studies require special attention, and,
whenever possible, confirmation in well design randomized studies.

In any experimental or observational study variables apart from the therapy being evaluated, such
as charactersitics of patients included in the study or natural history of the disease can contribute
to outcome even rates. Factors limiting the interpretation of results from single arm studies include the
(165;171)Hawthorne effect, regression to the mean, the assumption of a predictable clinical course,

selection bias, confounding and increase type I error.
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In general, it has been accepted than single arm studies appear to more susceptible to systematic errors
than randomized controlled trials leading to an increase in Type I error rates for studies evaluating
interventions(184). Single-arm studies are designed, in general, assuming the historical response rate is
a known constant, whereas in practice the response rate is never precisely known (and susceptible to
changes over time/setting such as the standard of care or the severity of disease). The use of historical
controls appears to produce an overestimation of the effect mostly driven by an overestimation of the
outcomes in this group, which is not usually seen in the control arms of randomized controlled studies
the number of outcomes in the controlled group appears to be lower. Sacks et al(208), analyzed the
results of randomized controlled studies against historical controls in a systematic review conducted in
1981 showing that the use of historical controls lead to an overestimation of the effects (79% of
historical controls claim a benefit of the studied intervention vs. a 20% in randomized controlled trials
). Recent statistical modeling supported this notion showing that phase II single-arm studies were more
likely than phase II randomized controlled studies to incorrectly suggest benefit of interventions that
were refuted on phase III studies(209-211). On the other hand, the increase in accuracy from
randomized controlled studies was at the expense of sample sizes 2 to four times larger(211). A recent
systematic review(212) compared the results of a highly cited(213)randomized controlled trial against a
observational studies for the use of patent foramen closure devices, the estimates of observational
studies for the efficacy of the device where more profound with observational studies than in.
Interestingly, the systematic review showed no differences in the estimates for the efficacy of
anticoagulation in observational studies or in the randomized controlled study. This systematic review
was limited by the quality of the randomized controlled trial which was underpowered, and stopped
early for difficulty in enrollment(212).

The Hawthorne effect suggests that study subjects' behavior or study results are altered by the subjects'

awareness that they are being studied or that they received additional attention, especially when
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subjects are not blinded to randomization or when they participate in studies with observational
components(214).The Hawthorne effect would not be expected in the proposed study population as the
outcomes are hard outcomes based on objective criteria and not subjective ones, where the perception
of the patient about his improvement could be biased by the simple fact that they are receiving an
intervention.

Regression towards the mean occurs whenever we select an extreme group based on one variable and
then measure another variable for that group(215). Regression towards the mean is likely to affect
studies aimed to show differences in continuous outcomes measured only once. Those with extreme
values are more likely to have second results closer to normality affecting the interpretation of results
(or falsely claiming benefits).

Presence of a predictable course of the disease is needed to interpret single arm results(165). If there is
wide variability in the course of the disease the separation between the effect of the disease treatment
and the effect of the intervention is difficult to assess. For the interpretation a single arm study
evaluating the effectiveness of the an intermediate dose of LMWH for the secondary prevention of
pregnancy associated VTE, the clinical course of the disease would be interpreted from studies
evaluating less than effective therapies after a month of treatment with anticoagulation.

Single-arm trials based using data from historical control subjects are also limited by selection
bias and confounding(191).

Selection bias refers to the selection of subjects based on certain characteristic that are directly
associated with the outcome of interest (i.e. healthy patients are more likely to be treated with surgery
and older sicker patients with medical treatment, falsely leading to the assumption that patient who
have received surgery have better outcomes). Similarly to observational studies the use of regression or
propensity scores has been proposed to adjust for bias in single arm studies(203). Another strategy to
limit selection bias is known as ‘weighted margin’(191;201). The idea of weighted approach is to

express CO as the weighted average of two other constants, (CO1 and C02), representing two mutually
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exclusive patient populations. The weights w1 and w2 are the proportion of patients enrolled in the two
treatment groups, and the margin is analyzed based on a different proportion for the two groups. The
problem with the above approach is that it would result in an inappropriate formulation of the null and
the alternative hypotheses(191); and that if the value is not defined a priori would not provide sufficient
protection for bias in patient enrolment.

Confounding refers to the phenomenon that current study participants may have a different (better or
worse) outcome than historical control subjects because of factors not related to the intervention. For
example data from studies of patients with PE has suggested that the introduction of CT scanners has
led to an apparent reduction in mortality secondary to an over diagnosis of the diseases. Confounding
could lead to believe that the studied intervention is associated to be associated with better outcomes,
when most likely these were influenced by changes in diagnostic techniques.

In conclusion, well design randomized controlled trials provide the best quality of evidence for the
comparison of treatment strategies. Single arm studies could be used to evaluate therapeutic
intervention with the need of a lower sample size when randomized controlled studies are unfeasible or
unethical. Researchers should be aware of the limitations of the limitation of the study design and
ensure that they base their assumptions on the best quality of evidence possible and plan strategies to

reduce bias.
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3.0 OVERALL AIMS OF THE THESIS

Based on the prior discussion a single arm study appears to be the appropriate study design to evaluate
the effectiveness of an intermediate dose of LMWH for the secondary prevention of pregnancy
associated VTE. Prior to initiating a single arm study, several factors needed to be determined: 1) an
accurate estimate of the main outcome event rate and -A; 2) an accurate estimate of sample size needed,
and 3) evaluation of study feasibility (enrollment rate).

THESIS OBJECTIVES

i.  Calculation of the rate of recurrent VTE during secondary prevention of pregnant patients
treated with full dose LMWH for VTE-Systematic review of the existing literature
a. Determine the rate of recurrent VTE events (and 95% CI) during secondary prevention
of PAVTE in patients treated with full dose LWMH
b. Determine the rate of major bleeding events (and 95% CI) during secondary prevention
of PAVTE in patients treated with full dose LWMH
ii.  Calculation of the non-inferiority margin - Survey
a. Main objective: Elicitation of-A to assess efficacy
b. Secondary objectives: Evaluation of the clinical equipoise, current practices and
potential participation in the study
iii.  Design of a Pilot study-The aim of a pilot study is to collect all the necessary clinical and
epidemiological information prior to embarking on a full multi-center study. The pilot study
will address potential issues that could arise during the main cohort study. The objectives of the
pilot are:
a. Main objective:
b. Obtain a precise estimate of the potential recruitment rate per participating center

c. Secondary objectives:
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Obtain precise estimates of the primary outcome event rate for the main study (recurrent
VTE) and safety outcome (major bleeding)
Estimate the percentage of eligible candidates to enroll

Estimate the percentage of patients who will complete follow up
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4.0 Systematic review

4.1 Rationale for the systematic review

As discussed above four systematic reviews have evaluated the efficacy of LMWH for the management
of PAVTE (21,74;85;117). Two of them included studies conducted up to 2005 (21;74)and one
included those up to 2009(117). Three of them evaluated the efficacy of LMWH alone(74;117). Two of
them concluded that the quality of evidence was low to provide an accurate estimate of the efficacy of
LMWH (one aimed to include only randomized controlled trials)(21;85;117). Greer at al. (74)provided
an estimate of recurrent VTE of 1.15% with an upper bound of 4.1% pooling estimates from studies
including three different strategies (full, intermediate and prophylactic). Furthermore, their estimates
were calculated from observational studies including case reports, and the data from one of the studies
included could have been misinterpreted as not all the recurrent VTE were included(74).

In light of the aforementioned limitations, it was sought to conduct an updated systematic review and
meta-analysis with individual estimates of efficacy and safety of full, intermediate and prophylactic
doses of LMWH. The objective was to provide the best estimate of effectiveness for different treatment

strategies used for secondary prevention of pregnancy associated VTE.

4.2 PICOS Question
Populations: Pregnant patients diagnosed with acute PAVTE

Intervention: Treatment strategies with LMWH or UFH
Comparator: Treatment strategies with LMWH or UFH
Main Outcomes: Recurrent VTE and major bleeding

Studies: Interventional studies and/or observational studies (case reports or series were excluded)

The main goal of the systematic review was to calculate the rate of recurrent VTE during secondary
prevention (after 30 days of treatment) of pregnancy associated VTE. Event rates were calculated, if
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possible, according to the drug chosen for initial treatment (LMWH vs. UFH), duration of initial
treatment, dosing (once a day vs. twice a day), dose reduction (full dose vs. intermediate dose vs.
prophylactic dose) and monitoring of anti-Xa levels.

Major bleeding (ante-partum or post-partum) was evaluated as the main safety outcome according to
the drug chosen for initial treatment (LMWH vs. UFH), duration of initial treatment, dosing (once a
day vs. twice a day), dose reduction (full dose vs. intermediate dose vs. prophylactic dose) and
monitoring of anti-Xa levels.

Secondary outcomes included: incidence of maternal death, heparin induced thrombocytopenia, heparin

induced osteoporosis, fetal malformation, and miscarriage or stillbirth.

4.3 Methods

4.3.1 Literature Search
A systematic review of electronic databases including the Cochrane Central Register of Controlled

Trials (CENTRAL), MEDLINE and EMBASE was conducted to assess the efficacy, safety and current
dosing regimens of LMWH or UFH used for the treatment of VTE in pregnant patients. The search was
supplemented by hand search of relevant articles, abstract books from international meetings and
published reviews.

Studies were included if they reported the use of heparin for the treatment of PAVTE and included
more than four cases. Studies in English, French and Spanish were included and screened by the
investigators personally; authors of relevant publications in other languages were contacted in an effort
to retrieve all the relevant data. The search was not limited by age groups. The timeframe of the search
was from Jan 1980 to March 2011.

The search was designed in conjunction with Alexandra Davis form the library services at the Ottawa
Hospital. Complete references of all articles were collected into a RefWorks database and duplicates

were removed using RefWorks software.
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4.3.1.1 Literature search strategy

Medline

1 heparin, low-molecular-
weight/ or (LMWHS or Imwh).tw.
2 dalteparin/ or (dalteparin or
fragmin).af.

3 enoxaparin/ or (enoxaparin or
lovenox or clexane).af.

4 nadroparin/ or (nadroparin or
fraxiparine).af.

5 (fondaparinux or arixtra or
tinzaparin or innohep or ardeparin
or normiflo or reviparin or
bemiparin).af.

6 or/l1-5
7  Venous Thrombosis/ or VTE/
or vte.tw.

8  Thromboembolism/ or
(thromboembolism or
thromboembolic or
thromboprophylaxis).tw.

9  (deep vein thrombosis$ or
deep venous thrombosis$ or
data).tw.

10 Pulmonary Embolism/ or
pulmonary emboli$.tw.

11 or/7-10

12 exp Pregnancy/ or
(pregnancy or pregnant or
gestation).tw.

13 (childbirth or child birth).tw.
14  pregnancy outcome/

15 Pregnancy Complications,
Cardiovascular/

16  or/12-15

17 6and11and 16

18  Epidemiologic studies/

19  exp case control studies/ or
exp cohort studies/

20  case reports.pt.

21  Case control.tw

22 (cohort adj (study or
studies)).tw

23 Cohort analy$.tw.

24 (Follow up adj (study or
studies)).tw.

25 (observational adj (study or
studies)).tw.

26  (Longitudinal or
retrospective or cross sectional).tw.
27  Cross-sectional studies/

28 randomized controlled
trial.pt.

29  controlled clinical trial.pt
30 randomized.ab.

31 placebo.ab.

32 clinical trials as topic.sh.

33  randomly.ab.

34 trial.ti

35 (systematic adjl (review$ or
overview)).tw.

36 or/18-35

37 17 and 36

38  limit 37 to yr="1980 -
Current"

EMBASE <1980 to 2011 Week
12>

1 LMWH/ or (LMWHS or
Imwh).tw.

2 (dalteparin or fragmin or
enoxaparin or lovenox or clexane
or nadroparin or fraxiparine or
fondaparinux or tinzaparin or
ardeparin or reviparin or
bemiparin).af.

3 lor2

4 vein thrombosis/ or VTE/ or
vte.tw.

5 deep vein thrombosis/ or (vein
thrombos$ or venous thrombos$ or
dvt).tw.

6  lung embolism/ or pulmonary
emboli$.tw.

7  thromboembolism/ or
(thromboembolism or
thromboembolic or
thromboprophylaxis).tw.

8 or/4-7

9  exp pregnancy/

10 (pregnancy or pregnant or
gestation).tw.

11 childbirth/ or (childbirth or
child birth).tw.

12 pregnancy outcome/

13 pregnancy complication/

14 or/9-13

15 3and8and 14

16  Clinical study/

17  case control study/

18  family study/

19  Longitudinal study/

20  Retrospective study/

21  Prospective study/

22 Cohort analysis/

23 (Cohort adj (study or
studies)).mp.

24 (Case control adj (study or
studies)).tw.

25  (follow up adj (study or
studies)).tw.

26  (epidemiologic$ adj (study or
studies)).tw.

27  (cross sectional adj (study or
studies)).tw.

28  case report/

29  random$.tw.

30 placebo$.mp.

31 double-blind$.tw.

32 clinical trial$.tw.

33  Randomized controlled trial/
34 Randomization/

35 exp Meta Analysis/

36 ((metaadjanaly$) or
metaanalys$).tw.

37 (systematic adjl (review$ or
overview$)).tw.

38 search$.tw.

39  or/16-38

40 15and 39

41  limit 41 to yr="1980 -
Current"

42 from 41 keep 1-506 (506)

Cochrane Database of
Systematic Reviews 2005 to
March 2011Database: CCTR,
CDSR, DARE
1 heparin, low-molecular-
weight/ or (LMWHS or Imwh).tw.
2 dalteparin/ or (dalteparin or
fragmin).af.
3 enoxaparin/ or (enoxaparin or
lovenox or clexane).af.
4 nadroparin/ or (nadroparin or
fraxiparine).af.
5 (tinzaparin or innohep or
ardeparin or normiflo or reviparin
or bemiparin).af.
6 or/l-5
7  Venous Thrombosis/ or VTE/
or vte.tw. (763)
8  Thromboembolism/ or
(thromboembolism or
thromboembolic or
thromboprophylaxis).tw.
9  (vein thrombos$ or venous
thrombos$ or dvt).tw.
10 Pulmonary Embolism/ or
pulmonary emboli$.tw.
11 or/7-10
12 exp Pregnancy/ or
(pregnancy or pregnant or
gestation).tw.
13 (childbirth or child birth).tw.
14 pregnancy outcome/
15 Pregnancy Complications,
Cardiovascular/
16 or/124
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4.3.2 Study Selection
All abstracts were screened using a standardized data collection form to aid the literature search. All

potentially relevant articles were reviewed in full length to ensure that they satisfied 5 criteria: 1)
enrollment of pregnant patients with symptomatic DVT or PE; 2) qualifying recurrent events were
symptomatic and objectively confirmed; 3) patients received initial treatment for at least 5 days with
UFH(intravenous, adjusted-dose, or weight-based subcutaneous) or LMWH (intravenous or weight-
based subcutaneous); 4) patients received treatment until delivery; and 5) the primary efficacy outcome
was reported.

Studies were excluded if they included patients treated with IVC filters, thrombolytic drugs and/or
interventional procedures, such as surgery or catheter fragmentation/extraction, for the treatment of
pregnancy associated DVT or PE. Patients who developed PAVTE during the post-partum period were

also excluded from the analysis.

4.3.3 Outcome Measures
The primary outcome measure was recurrent VTE. This primary outcome was evaluated according to

the treatment strategy used for secondary VTE prevention (i.e. full, intermediate or prophylactic; given
once a day or twice a day; and with or without anti-Xa monitoring). Recurrent VTE was defined,
whenever possible, as a new perfusion defect in a ventilation—perfusion scan, a new intra-luminal
filling defect detected on computed tomography, ultrasound or venography; or a high clinical suspicion
of fatal PE, as defined by the investigators of the individual studies.
The following were the definitions for the outcomes of interest:

A. Fatal recurrent VTE and all-cause mortality

Cause of death classified as being due to PE, or as sudden death or unexplained sudden cardio-

respiratory deterioration.

B. Recurrent DVT
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i.  Compression ultrasound revealing a new area of non-compressibility of a venous
segment above the trifurcation of the popliteal vein was considered diagnostic of a
recurrent DVT.

ii.  Venography demonstrating a new intraluminal filling defects in the DVT above the
trifurcation of the popliteal vein.
C. Recurrent PE
i.  V/Q scan showed a new mismatched segmental or greater perfusion defect.
ii.  Spiral CT demonstrated a new intraluminal-filling defect in a segmental or greater
iii.  Pulmonary angiography demonstrating a new intraluminal filling defect or a cutoff of a
vessel > 2.5 mm in diameter.
iv.  New PE found at autopsy was considered diagnostic of recurrent VTE.
D. Major bleeding

i.  Major bleeding was the primary safety outcome and was defined as symptomatic
intracranial hemorrhage, a retroperitoneal hemorrhage, an intraocular hemorrhage
leading to significant vision loss, a decrease in hemoglobin of at least 3.0 g/dL [with
each blood transfusion unit counting for 1.0 g/dL of Hbg], bleeding requiring
transfusion of two or more units of red blood cells or equivalent of whole blood(216),
clinically overt bleeding that is fatal or as defined as major bleeding by the study
investigator. Bleeding was categorized as:

a. Ante-partum: Occurring after the initiation of treatment with heparin and until
delivery

b. Post-partum: Any major bleeding occurring after delivery and classified by the
study investigator as associated with anticoagulation; traditionally defined as a

blood loss greater than 500cc in patients who delivered vaginally, and greater
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than 1000cc in patients who underwent C-section(217)
E. Heparin Induced Thrombocytopenia
i.  All patients who developed non-mild thrombocytopenia (platelets less than 115 or 50%
decrease from baseline) and confirmatory assays suggestive of heparin induced
thrombocytopenia; AND

ii.  An alternative anticoagulant was commenced as per standard of care (e.g. danaparoid or

lepirudin)
F. Osteoporotic Fractures
A bone fracture associated with the use of LMWH, as determined by the study investigator
G. Miscarriage or stillbirth
i.  Miscarriage was defined as the loss of an embryo or fetus before the 20th week of
pregnancy and associated with the use of LMWH, as determined by the study
investigator.

ii.  Stillbirth was defined as the delivery of a fetus that has died before birth after 20 weeks
of pregnancy and associated with the use of LMWH, as determined by the study
investigator.

H. Fetal malformation
A physical defect present in a baby at birth that is permanent and determined by the study

investigator to be associated with LMWH treatment.

4.3.4 Data Extraction and Quality Assessment
Two reviewers (MC and EG) independently assessed the eligibility of all the articles identified in the

initial search strategy for inclusion in the study. The review was conducted using a standardized data
collection form to independently extract data. A third reviewer adjudicated all discrepancies (MR).

The methodological quality of the studies was assessed according to the type of study: 1) using the
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Risk of Bias Assessment Tool from the Cochrane Handbook for randomized trials(218); 2) and/or the

Newcastle—Ottawa Quality Assessment scale(219) for observational studies.

4.3.5 Data Synthesis and Analysis
To estimate the weighted rates and 95% CIs for the review's primary outcomes, individual study

estimates were converted to rates. The rates were transformed using the Freeman—Tukey arcsine square
root transformation before pooling the case-recurrent rates (220). DerSimonian—Laird random-effects
models were used to pool the transformed rates whenever possible (221-223), unless stated otherwise,
because they incorporate an estimate of the between-study variance in the calculations and they tend to
give wider, more conservative, confidence intervals than fixed effects. After pooling the resulting
estimates and their 95% Cls, limits were back-transformed to pooled proportions. Outcomes were
allocated according to the intention-to-treat principle. Sensitivity analysis was planned in advance
based on study characteristics: prospective vs. retrospective, DVT vs. PE, and type of provoking factor.
Given the expected difference in the duration of treatment after pooling the resulting estimates and
their 95% ClIs limits and if possible to back-transform the rates per patient-month of follow-up.

If outcomes could only be calculated as proportions, the pooled proportion was calculated as the back-
transformation of the weighted mean of the transformed proportions, using inverse arcsine variance
weights for the fixed effects model and DerSimonian-Laird (1986) weights for the random effects
model. Transformation of proportions into a quantity using the Freeman-Tukey variant of the arcsine
square root method is suitable for the usual fixed and random effects summaries(221-223).

A Q test was used to address for heterogeneity with a significance set at p <0.05 and the I” statistic was
used to quantify heterogeneity among the pooled estimates across studies(224). An I? value less than
25% was considered low-level heterogeneity, 25% to 50% as moderate-level, and greater than 50% as
high-level(225). Publication bias (226) was only addressed for analysis including more than 10 studies

using the method of Egger.

56



4.4 Results
The initial search identified 1047 articles in the Cochrane Central Register of Controlled Trials

(CENTRAL), MEDLINE and EMBASE, after duplications were excluded from each database. Four
extra studies were identified outside the literature search. One study was retrieved from the American
Society of Haematology Abstract book(227), the second was suggested by an author contacted to
retrieve information(228), the third by one of my thesis supervisors (MR)(229), and the fourth was
identified from a narrative review(34).

Of the 1051 potentially relevant articles identified by our search, 50 were retrieved for full text
analysis. Of the studies retrieved in full text, 22 were excluded. Of those excluded after full text
review, two were duplicates or updates of prior studies(190;230), five reported on less than four
patients(231-235), data could not be extracted in four studies(236-239), one excluded
pregnancies(240), four were reports on primary prophylaxis(122;241-243), two were deemed not
relevant(244;245), two included patients who were surgically treated(246;247), one full text was
reported as abstract(248), and one was a long term follow up(249).Seven authors were contacted by
electronic mail (82;229;230;250-253) to retrieve additional information. Four of the authors provided
further information on drugs and major outcomes (recurrent VTE and bleeding). One author did not
respond and two initially agreed to provide information but did not respond to further communications.

In Table 6 the characteristics of the studies included in the systematic review is presented
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Figure 1 Flow diagram
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Table 6 Characteristics of the studies included

Aburahma
Andersen
Bergqvist

Blanco-Molina
Clark
Daskalakis
Deiter
Deruelle
Dulitzki
Ellison
Fionnuala
Ginsberg
Jacobsen
Knight
Lepercp

Lykke

Malcom
Mitic
Myers
Narin
Nelson-Piercy
O'Connor
Rey
Rodie
Rowan
Smith
Ulander
Voke

1995
2010
1983
2010
2009
1997
1985
2006
1996
2000
2008
1989
2003
2008
2001

2008

2002
2010
2008
2008
2011
2011
2000
2002
2002
2004
2002
2007

Cohort
Cohort
Cohort
Registry
Cohort
Cohort
Cohort
Cohort
Cohort
Cohort
Cohort
Cohort
Cohort
Case Control
Cohort

Cohort

Cohort
Cohort
Cohort
Cohort
Registry
Cohort
Cohort
Cohort
Registry
Cohort
Cohort
Survey

NR not reported; NA not applicable

Yes
No
Yes
Yes

Yes

Yes
Yes
Yes
Yes
Yes
No

USA
Denmark
Sweden
NR
UsS
Greece
USA
France
Israel
UK
Ireland
Canada
Norway
UK
France

Denmark

Canada
Serbia
UK
Turkey
Multiple
US
Canada
UK
New Zealand
UK
Finland
UK and Ireland

—_— e —

»—Al\)»—l»—n»—l»—l»—n»—tz
=

w Z Z
wxx

—_—

15
6
16
173
15
18
4
7
6
10
26
43
20
134
49

22

23
72
42
35
254
34
5
21
13
12
35
134

Objectively diagnosed VTE
Any use of LMWH
NR
Objectively diagnosed VTE
Any treatment with Heparin
Objectively diagnosed DVT
Objectively diagnosed DVT
Treatment with LMWH
Use of Enoxaparin
Use of Enoxaparin
Use of full dose Tinzaparin
Treatment with UFH
Objectively diagnosed VTE
Objectively diagnosed PE
Any use of LMWH
Objectively diagnosed DVT,
managed with Tinzaparin
Objectively diagnosed VTE
Objectively diagnosed VTE
Objectively diagnosed VTE
Objectively diagnosed VTE
Confirmed use of Tinzaparin
Objectively diagnosed VTE
Use of Dalteparin
Objectively diagnosed VTE
Use of Enoxaparin
Complex
Acute DVT
Complete survey report

NR
NR
26
30
NR
NR
NR

NR
NR
NR
NR
31
NR
NR

30

30
NR
NR

29
30.1
NR

29
NR
NR
NR

31

32

NR
NR
NR
5.6
NR
30
NR

NR
NR
NR
NR

10

NR
NR

42
NR
14

14.2
NR
NR
NR
NR
NR
1
12

NR
NR
NR
24
NR
22
NR

NR
33
NR
NR
40

NR
NR

NR
62.5
24
18
12.6
NR
NR
NR
NR
NR
20
18
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Table 7Quality assessment by the Newcastle-Ottawa scale

Aburahma
Andersen
Bergqvist

Blanco-Molina
Clark
Daskalakis
Deiter
Deruelle
Dulitzki
Ellison
Fionnuala
Ginsberg
Jacobsen
Knight
Lepercp
Lykke
Malcom
Mitic
Myers
Nelson-Piercy
O'Connor
Rey

Rodie
Rowan
Smith
Ulander
Voke

* % ¥ ¥ ¥ % ¥ *

* %k ¥ ¥

*

* % ¥ %

¥ ¥ X X X ¥

¥ OX X X K X K K K K XK XK K X X X K X K K X X X X X X X
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4.4.1 Quality

None of the studies included was a randomized controlled trial. Three studies were surveys(82), one
was a case-control(81), one a registry(254), and twenty three were cohorts(82;100;114;115;250-
253;255-269). Thirteen of the cohort studies were conducted prospectively. Fourteen of the studies
included were conducted exclusively in patients with an objective diagnosis of
VTE(46;82;115;154;250;251;253;255-257;263-265;267,269;270)while the rest were conducted in
patients who were exposed to heparin for the treatment of VTE or prophylaxis. One study enrolled
patients with PE alone (46), and six included only patients with DVT(100;115;232;255;257;264;269).
Two studies did not report on the drug used for treatment (253;254). Quality of analysis is presented

on Table 7.

4.4.2 Treatment strategies
The studies included 1107 patients who were treated with

LMWH(46;82;100;114;115;154;227;232;250;251;253;256;258-261;263-270)and 115 patients treated
who were treated with UFH(251;252;255;257;262;270;271).

Three main strategies were used for secondary prevention: Full dose
(46;82;154;227;232;251;253;256;258;260;261;263;264;266;267;270), intermediate dose
(100;115;250;258;259;265;269) and prophylactic doses (268;272). Low molecular weight heparin
strategies varied significantly with respect to dosing (BID vs. OD), dose used for secondary prevention,
and anti-Xa level monitoring. Six studies used intermediate doses after the acute initial
period(100;115;250;258;259;265;269) and two studies used fix prophylactic doses(268;272) .

In patients treated with UFH one study used prophylactic doses (273) and one used intermediate
doses(257). In all studies using full dose or intermediate doses, anti-Xa monitoring was also used.
Table 8 describes the different strategies used, a summary of events for each study separated by

LMWH or UFH are presented in Tables9 and 10; and Table 11 presents a summary of the analysis.
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Table 8Treatment strategies

Aburahma UFH IV/SC Continuous/BID 90 UFH Prophylactic SC BID No
Andersen NR NR NR NR NR NR NR NR No
Bergqvist UFH v QID <7 UFH Full SC BID No

Blanco-Molina* Any LMWH/UFH NR NR NA LMWH* NR NR NR NR

Clark UFH SC IV/SC NA UFH Full SC BID No

Daskalakis Calciparine SC BID 14 Nadroparin Intermediate SC OD No

Deiter UFH v QID NR UFH Intermediate v 4 times Yes

Deruelle  Enoxaparin, Dalteparin, SC OD/BID 30 Enoxaparin/Dalteparin,/ Full SC OD No
Nadroparin Tinzaparin Nadroparin/Tinzaparin ~ /Intermediate

Dulitzki Enoxaparin SC NR NR Enoxaparin Intermediate NR NR NR

Ellison Enoxaparin SC BID NA Enoxaparin Full NR NR Yes

Fionnuala Tinzaparin SC OD NA Tinzaparin Full SC OD Yes
Ginsberg UFH v NA <14 UFH Full SC BID Yes
Jacobsen Dalteparin SC BID NA Dalteparin Full SC BID Yes

Knight  Enoxaparin/Dalteparin SC OD /BID NA NR Full NR NR NR
/Tinzaparin
Lepercp Enoxaparin SC BID 84 Enoxaparin Prophylactic SC OD NR
Lykke Tinzaparin SC OD/BID NA Tinzaparin High SC OD /BID Yes
Malcom Dalteparin/UFH/ SC/IV. OD/BID/continuous NA Dalteparin/UFH/ Full SC OD/BID Yes
Tinzaparin Tinzaparin
Mitic Nadroparin/UFH SC/IvV BID/continuous <42 Nadroparin Intermediate SC BID No
Myers  Enoxaparin/Dalteparin SC OD/BID 90 Enoxaparin/Dalteparin ~ Intermediate SC OD Yes
/Tinzaparin / Tinzaparin
Narin Enoxaparin SC OD/BID NA Enoxaparin Full SC OD/BID Yes
Nelson-Piercy Tinzaparin SC OD NA Tinzaparin Full SC OD NR
O'Connor  Enoxaparin/Dalteparin SC NR NA Enoxaparin/Dalteparin Full SC NR No
/UFH /UFH
Rey UFH v Continuous 3 Dalteparin Full SC BID No
Rodie Enoxaparin SC BID NA Enoxaparin Full SC BID Yes
Rowan Enoxaparin SC BID 90 Enoxaparin Prophylactic SC OD No
Smith Tinzaparin SC OD 42 Tinzaparin Intermediate SC OD Yes
Ulander UFH/Dalteparin IV/SC Continuous/BID 7 Dalteparin Intermediate SC OD Yes
Voke  Enoxaparin/Dalteparin SC OD/BID NA Enoxaparin/Dalteparin Full SC OD/BID Yes
/Tinzaparin / Tinzaparin
* 10% of the patients were on Warfarin; NR not reported; NA not applicable
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Table 90utcomes of patients treated with LMWH
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Table 100utcomes of patients treated with UFH

Aburahma 15 Prophylactic No 2 1 1 NR NR NR 0 0
Deiter 4 Intermediate Yes 0 0 0 0 0 NR 0 0
O'Connor 11 Full Yes 0 NR NR NR NR NR NR NR
Malcom 12 Full Yes 1 0 0 0 0 NR 0 1
Ginsberg 43 Full Yes 0 NR NR NR NR 0 0 3
Clark 14 Full Yes 0 0 0 0 0 NR 0 0
Bergqvist 16 Full No 0 1 1 0 NR NR 0 1
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Recurrent VTE during the acute treatment period (<30 days) with LWMH or UFH
The pooled proportion of recurrent VTE during the acute treatment period (less than 30 days after the

initiation of treatment) was 0.007 (95% CI=0.003 to 0.01; I* 0%) for those treated with LMWH and

0.02 (95% CI = 0.004 to 0.05; I* 0%) in those treated with UFH.

Full dose LMWH or UFH for secondary prevention
Eight hundred and forty four patients were treated with full dose

LMWH(46;82;154;227;232;251;253;256;258;260;261;263;264;266;267;270) and 96 with full dose
UFH (251;252;262;270;271). The pooled proportion of recurrent VTE in patients treated with full dose
LMWH during secondary prevention was 0.012 (95% CI = 0.006 to 0.02; I* 0%), as shown in Figure 3,
while the pooled proportion of recurrent VTE in patients treated with full dose UFH was 0.017 (95%
CI=0.001 to 0.05; I* 0%).
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Figure 2Recurrent VTE in patients treated with full doses of LMWH

The pooled proportion of major bleeding during the ante-partum or post-partum period was 0.026 (95%
CI = 0.011 to 0.047; I 37%) for patients treated with full dose LMWH, as shown in Figure 4, and

0.038 (95% CI = 0.002 to 0.11; I* 0%) for those treated with full dose UFH. Only two studies
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(270;274), including 26 patients, reported the specific rate of ante or post-partum bleeding in patients

treated with UFH. Neither study reported bleeding complications.

The pooled proportion of ante-partum bleeding was 0.006 (95% CI = 0.001 to 0.01; I* 18%) for

patients treated with full dose LMWH vs. 0.038 (95% CI=0.002 to 0.11; I* 0%) for those treated with

UFH.

In studies reporting the pooled proportion of post-partum bleeding for patients treated with full dose

LMWH, the pooled proportion was 0.017 (95% CI = 0.007 to 0.03; I* 4%) vs. 0.016 (95% CI = 0.000

to 0.07; I* 0%) for those treated with UFH.
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Figure 3Major bleeding patients treated with full doses of LMWH

Seven studies reported outcomes for patients treated specifically with full dose LMWH with anti-Xa
monitoring(82;154;232;260;261;263;264;267;270), and three(251;253;266) reported the outcomes of

full dose treatment without monitoring. No patients experienced recurrent VTE in either group (0 out

Proportion meta-analysis plot [random effects]
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260 and 0 out 19, respectively). The pooled proportion of recurrent VTE in those who were monitored

was 0.005 (95% CI = 0.0002 to 0.02; I* 0%).In patients treated with full dose LMWH monitored by
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anti-Xa levels the pooled proportion of recurrent VTE during secondary prevention was 0.008 (95% CI
=0.0001 to 0.038; I* 0%) in prospective studies vs. 0.005 (95% CI = 0.00003 to 0.019; I* 0%) in
retrospective studies. The pooled proportion of any major bleeding was 0.04 (95% CI = 0.01 to 0.09; I
0%) in prospective studies vs. 0.018 (0.006 to 0.03; I* 29.1%) in retrospective studies.

None of the 11unmonitored patients experienced major bleeding complications during the ante or post-
partum period. Of the 260 patients who were monitored during treatment, 10 suffered a major bleeding
complication. The pooled proportion of any major bleeding was 0.04 (95% CI = 0.02 to 0.07; I 14%)
for those who were monitored during treatment. The pooled proportion of bleeding during the ante-
partum period was 0.02 (95% CI = 0.002 to 0.04; I* 14%), while the pooled proportion of post-partum
bleeding was 0.03 (95% CI=0.01 to 0.05; I* 4%).

For our outcome of interest we calculated the pooled proportion of recurrent VTE and bleeding in
prospective studies using full dose LMWH given twice a day based on anti-Xa levels, which is
arguably the most conservative treatment. The analysis included three studies for a total of sixty seven
patients. The pooled proportion of recurrent VTE during secondary prevention was 0.01 (95% 0.0001
to 0.048; I* 0%), there were no events of recurrent VTE. The pooled proportion of any major bleeding
was 0.051 (0.008 to 0.12; I* 25%)).

Heterogeneity was low to moderate in general and mostly occurring when retrospective studies were

included.

Prophylactic doses of LMWH of UFH for secondary prevention
Three studies used fixed prophylactic doses for secondary prevention, of those two with LMWH and

one with UFH. Abarahuma et al. evaluated the use UFH5000 U BID SC for the secondary prevention
of extensive pregnancy associated DVT. In their study 2 patients out of 15 experienced a recurrent
event during secondary prevention; one event was a fatal PEthat occurred during the acute treatment

phase.
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Two studies, including 62 patients, evaluated 40 mg of enoxaparin given for secondary prevention after
90 days of full dose LMWH. Four patients experienced a recurrent VTE with a pooled proportion
0f0.07 (95% CI = 0.01 to 0.16), as shown in Figure 5. One out 62 participants suffered a post-partum
major bleeding event after switching to prophylactic doses.

Proportion meta-analysis plot [random effects]
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Figure 4Recurrent VTE in patients treated with prophylactic doses of LMWH

Intermediate dose of LMWH or UFH for secondary prevention
Seven studies(100;115;228;258;259;265;269) that specifically used intermediate doses of LMWH for

the secondary prevention of PAVTE were identified. One study(258) was excluded as less than five
patients were treated with intermediate doses.

Four different drugs were used: enoxaparin(228;259), dalteparin(228;269), nadroparin(115;265) and
Tinzaparin (100;228). Four studies were prospective(100;115;265;269)and two were
retrospective(250;259). In two studies(115;269), the dose was reduced less than three weeks after
starting treatment, in one study dose reduction occurred after three weeks(228) and in three studies
after six weeks. Three of the studies guided therapy with Anti-Xa levels(100;228;269). In those
managed with an intermediate dose only one (158) patient out of 196experienced a recurrent event after
the dose of LMWH was reduced for secondary prevention. The pooled proportion of recurrent VTE

during secondary prevention was 0.01 (95% CI=0.001 to 0.029; I* 0%), as shown in Figure 6.
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The impact of the timing for dose reduction was also analyzed, along with dosing based on anti-Xa
monitoring and dosing. In two studies(115;269) that reduced the dose within 14 days of initiating
therapy, the pooled proportion of recurrent VTE during secondary prevention was 0.029 (95% CI =
0.002 to 0.09). When the dose was reduced after 30 days of treatment the proportion of recurrent VTE
was 0.005 (95% CI =0.0001 to 0.023; I 0%). Those monitored with anti-Xa levels(100;228;269) had a
pooled proportion of recurrent VTE during secondary prevention of 0.015 (95% CI = 0.001 to 0.048; I
0%) compared to those not managed by anti-Xa levels who had a pooled proportion of 0.006 (95% CI

=0.0003 to 0.03; I* 0%).
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Figure 5Recurrent VTE in patients treated with intermediate doses of LMWH

The pooled proportion for any major bleeding, for all patients treated with intermediate doses of
LMWH, 0.02 (95% CI = 0.003 to 0.06; I* 38%), as shown in Figure 7. None of the 196 patients

included had a major ante-partum bleeding complication.
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Proportion meta-analysis plot [random effects]
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Figure 6Major bleeding in patients treated with intermediate doses of LMWH

Heterogeneity was low to moderate for most of the analysis where it could be evaluated, except for the
pooled proportion of major bleeding in prospective studies where it was high. A potential explanation
could be a difference in the definition of major bleeding. Publication bias in this group of studies was
not assessed as the number of studies identified was low.

4.4.30steoporosis and heparin induced thrombocytopenia in patients treated with
LMWH or UFH.

None of the studies including patients treated with LMWH or UFH reported any cases of heparin
induced thrombocytopenia [0.003 (95% CI = 0.000931 to 0.008; I’ 0%) or heparin induced

osteoporosis [pooled proportion 0.003 (95% CI = 0.000455 to 0.008; I* 0%).

4.4.3Fetal outcomes in patients treated with LMWH or UFH.
Sixteen studies reported on the pooled proportion of fetal outcomes in patients with LMWH and six in

patients treated with UFH. The pooled proportion of miscarriage or fetal death was 0.02 (95% CI =
0.01 to 0.03; I* 0%) in those treated with LMWH, and0.075 (95% CI = 0.03 to 0.13) among those
treated with UFH. The pooled proportion of fetal malformation was 0.009 (95% CI = 0.003 to 0.019; I
0%), among those treated with LMWH, and 0.012 (95% CI = 0.0003 to 0.04; I* 0%) in those treated

with UFH.
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4.4.4 Publication bias
Publication bias analysis was conducted in ten of the analyses that included more than ten studies (see

appendix 1). There was a trend for publication bias in studies evaluating the pooled proportion of
bleeding among those treated with full dose LMWH (p- value 0.06) and for the incidence of fetal

malformation among those treated with LMWH (p- value 0.056).

4.5 Analysis of the results
The systematic review included 1122 patients treated with either LMWH or UFH, but no randomized

placebo or controlled studies were identified. Twelve different strategies were used for secondary
prevention of PAVTE (nine for those treated with LMWH and three for those with UFH). Low
molecular weight heparin and UFH seemed to have a similar efficacy and safety profile for the
management of pregnancy associated VTE. The pooled proportion of recurrent VTE during secondary
prevention was similar in patients treated with full doses of LMWH or UFH 0.012 (95%CI= 0.006 to
0.02) and 0.017(95%CI= 0.001 to 0.05) respectively. Both drugs shared a similar bleeding risk profile
0.023 (95% CI=0.01 to 0.041) and 0.038(95%CI= 0.002 to 0.11) respectively. The use of either drug
was safe for the mother (no cases of heparin induced thrombocytopenia or osteoporosis were identified)
and fetus.

When patients are treated PAVTE, clinicians appear to favour more aggressive treatment strategies for
VTE (using full dose LMWH, given twice a day and targeting anti-Xa levels) during pregnancy in
order to overcome physiological changes associated with pregnancy. Despite this a quarter of the
patients were treated with intermediate doses or prophylactic doses of LMWH. Those treated with full
doses and intermediate doses experienced similar proportions of recurrent VTE during secondary
prevention 0.012 (95% CI= 0.006 to 0.02) and 0.011(95% CI= 0.0011 to 0.029)respectively, and major
bleeding 0.023 (95% CI1=0.01 to 0.041)and 0.025(95% CI= 0.003 to 0.065) respectively, during

secondary prevention. In studies using prophylactic doses after 90 days of full dose treatment the
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proportion of recurrent VTE was 0.06 (95% CI= 0.01 to 0.15), suggesting that this approach might not
be safe for this population.

One interesting finding was that an early dose reduction (within three weeks of the initiation of
treatment) could be associated with an increased proportion of recurrent VTE 0.029 (95% CI = 0.002 to
0.09) when using an intermediate dose but not after four weeks 0.005 (95% CI = 0.0001 to 0.023).
These finding suggest that after the initial period of 30 days reducing the dose of LMWH to a an
intermediate dose without monitoring and given once a day, might be a safe alternative to a more costly
and cumbersome full dose regimen and is potentially associated with a lower pooled proportion of
major bleeding (especially when prospective studies were evaluated).

Compared to the systematic review of Greer et al(74), our primary outcomes were evaluated for each
separate treatment strategy and specifically for secondary prevention providing more meaningful
estimates. Whereas Greer et al(74) et al included only 174 patients using LMWH treated with at least
three different treatment strategies and provided an estimate of efficacy pooling all the strategies
together, in this systematic review includes 1107 patients treated with LMWH and 115 with UFH were
included, and evaluates patients according to each individual strategy for during the acute treatment

period and secondary prevention.

71



Table 11Summary of results

LMWH full dose 844  0.012 (0.006 to 0.02; 0%)  0.023 (0.01 to 0.041; 38%)  0.006 (0.001 to 0.02; 17%) 0.019 (0.008 to 0.03; 21%)
LMWH intermediate dose 196 0.011 (0.0011 to 0.029; 0%) 0.025(0.003 to 0.065;39%)  0.005 (0.0000 to 0.021; 0%) 0.025(0.003 to 0.065; 39%)
LMWH prophylactic dose 62 0.06(0.01 to 0.15) -- -- 0.026 (95% CI =0.001 to 0.079)%

Dalteparin full dose 73 0.026 (0.003 to 0.06; 0%) 0.015 (0.0001 to 0.06; 0%)  0.015 (0.00001 to 0.06; 0%) 0.015 (0.00001 to 0.06; 0%)

Enoxaparin full dose 215 0.02 (0.006 to 0.04, 0%) 0.041 (0.009 to 0.09; 0%) 0.022 (0.001 to 0.07; 67%) 0.017(0.003 to 0.04; 13%)
Nadroparin 75 0.018 (0.001 to 0.05) 0.018 (0.001 to 0.055) 0.018 (0.001 to 0.05) 0.018 (0.001 to 0.05)
Tinzaparin full dose 393 0.012 (0.003 to 0.03; 0%) 0.025 (0.004 to 0.06; 37%)  0.003 (0.00001 to 0.01; 0%) 0.025 (0.01 to 0.06; 37%)
UFH full dose 96 0.017(0.001 to 0.05; 0%) 0.038 (0.002 t0 0.11; 0% ) 0.038 (0.002 to 0.11; 0% ) 0.016 (0.001 to 0.07; 0%)

*Any recurrent events that occurred during initial 30 days was considered an acute event, unless the dose was reduced within the first month
#Relevant major bleeding as considered by the study investigators
& Only during the use of prophylactic doses




In general the systematic review findings for full dose LMWH (1.4%; 95% CI 0.7-2.4%)
given for the duration of pregnancy compare favourably with recurrence rates of
3%(140;142) reported in trials carried out in non-pregnant patients treated with LMWH
followed by vitamin K antagonists. Potential explanations as to why the rates of recurrent
VTE during treatment are lower in this population are:

1-The inclusion of non-randomized studies lead to an over-estimation of the effect of
LMWH used for long term prevention of recurrent VTE(167) in pregnant patients (1.2%;
95% CI1 0.7 to 2.1%) compared to non-pregnant patients completely treated with LMWH
(4.5%; 95% CI 3.1t06.2). Still, estimates about the efficacy of long term LMWH in non-
pregnant patients are based on seven studies, four of them using fixed prophylactic doses
after full dose anticoagulation. In pregnant patients the use of fixed prophylactic doses was
associated with pooled proportion of recurrent VTE of 7% (95% CI 1to16); AND-OR
2-The use of LMWH for the whole duration of treatment is more effective than vitamin K
antagonists. This assumption could provide the most logical explanation for our findings as
studies have shown, that in the non-pregnant and oncology populations the use of LMWH
for the duration of treatment is associated with a lower rate of recurrent VTE compared to
those treated with vitamin K antagonists; as shown in a recent meta-analysis of 11

randomized controlled trials including 2,907 participants(110).

4.6 Limitations
The systematic review has several limitations. The most relevant are that nonrandomised

controlled trials evaluating the efficacy of different treatment strategies were identified and
that the quality of the observational studies included was low. Both these limitations have
important connotations for the interpretation of the results. Well-designed randomized
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controlled trials are considered the highest quality of evidence(166), and should be the
cornerstone of the meta-analysis to evaluate efficacy. The role of observational studies in
systematic reviews remains a matter of debate. Although some experts recommend the use
of observational studies to improve the accuracy of the estimates of systematic reviews
where there no randomized controlled trials or the quality of the studies is low, this approach
should be used cautiously given its inhered limitations. A meta-analysis of observational
studies could potentially provide estimates similar to those of meta-analysis of randomized
controlled trials (126;166;167), assuming that the quality of the studies is high and there is a
clear understanding of the confounders that could affect the efficacy of the intervention.
Meta-analysis of low quality studies could lead to discrepant results. loannidis, Benson and
Concato found that prospective well design cohorts studies tend to produce similar estimates
to randomized studies(126;166;167), whereas, retrospective or lower quality designs
produced different estimates(126;166;167;208). Deeks(184) et al conducted a systematic
review of the prior studies and suggested that systematic reviews of observational studies
have inherited limitations, mostly driven by the limitation of methods to adjust for
confounders. As shown in Table 7 only one of the studies included was compliant with all
points of the Newcastle-Ottawa quality scale for observational studies. Of the studies
included, seven included patients treated for multiple indications. Most of them did not use
objective methods to evaluate the outcome of interests, so we cannot rule out classification
bias. This fact could be reflected by the lower proportion of adjudicated recurrent VTE in
retrospective studies compared to prospective studies. Given the quality of the studies and

the low numbers of events included in this systematic review the results should be
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interpreted carefully, and are more likely to help generate hypothesis than to guide treatment
strategies in daily clinical practice.

Other relevant limitations are: First, some studies used multiple drugs and different dosing
strategies within the same population. Ideally, the use of an individual patient data meta-
analysis would have helped overcome this limitation, but the data could not be retrieved
from all of the authors. However, data for each separate strategy was extracted whenever
possible or authors were contacted to retrieve more detailed information. Strategies were
analyzed as different subgroups within studies when needed.

Second, the management of zero events rates (i.e. no recurrent VTE or bleeding episodes
reported in individual studies). There has been a great matter of debate on the best statistical
approach for studies with zero or rare events (275). Whereas multiple methods are available
for meta-analysis of randomized controlled trials or observational studies are
available(276;277), the management of “zero cells” within proportions included in meta-
analysis is not clearly defined in the literature(278). One proposed approach has been to add
0.5 to each “zero cells” or to not perform any analysis when more that 20% of the studies
have “zero cells”(278). None of these approaches has been validated. Although the
Freeman-Tukey arcine conversion can be applied to proportion s of zero, this approach
could produce an overestimate of the effect depending on the sample size of the study
evaluated(279). In order to deal with “zero cells” a delayed continuity correction was
applied using 0.001 instead of 0.5 for each cell , to reduce potential bias(280). Third,
baseline characteristics of the groups could not be retrieved from the studies to allow any
sensitivity analysis based on the type of index event or provoking factors associated with the

index events.
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Fourth, the systematic review was limited to three languages. Although not recommended, a
language restriction was needed due to financial constraints. In order to overcome this
limitation, authors of relevant studies in languages other than the three selected were
contacted to retrieve information about the study. Fifth, it did not include a formal
evaluation of the grey literature after the initial literature search(281). The inclusion of grey
literature inclusion of an unbiased sample of relevant studies is central to the validity of
systematic reviews and meta-analyses and to reduce publication bias. Grey literature
searches aim to identify unpublished studies within the time-frame of the systematic review
and negative studies(282). Still, grey literature studies tend to be of lower methodological
quality than published studies potentially introducing bias into the results which could have
further the validity of the results(282). In order to identify unpublished studies within the
time-frame of the systematic review, a thorough review of abstracts books from relevant
meetings was conducted. Sixth, did not assessed the quality of the data abstracted by the
reviewers by the kappa method. Finally, the pooled proportions could not be calculated as

events per patients month as most of the studies did not report the duration of treatment.

4.7 Conclusions
To date, this is the most extensive systematic review evaluating the role of different

treatment strategies used for the management of pregnancy associated VTE. Multiple
treatment strategies using LMWH have been evaluated for the management of PAVTE but
none of them in well-designed randomized controlled trials, or even, well design
observational studies.

The findings of the systematic review suggest that that the outcome of patients treated with

intermediate doses or full doses for secondary prevention are similar. Given the low quality
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of the studies included the results should be interpreted cautiously, and call for high quality
studies evaluating the role of different treatment strategies for the secondary prevention of

PAVTE.

5.0 Survey

5.1 Rationale for the survey
As discussed above, management of PAVTE is often based on small observational studies

and extrapolations from studies evaluating non-pregnant patients. Evidence from the
systematic review suggests that the use of an intermediate dose of LMWH for secondary
prevention of PAVTE could be associated with a similar rate of recurrent VTE and
potentially less bleeding when compared to full-dose LWMH (given twice a day and
monitored with anti-Xa levels). Furthermore, an intermediate dose given once a day and
without monitoring could possibly reduce the cost of care and improve patient comfort.
Before conducting a single arm study evaluating the efficacy and safety of an intermediate
dose, it was necessary to address the following questions:

What is the accepted absolute accepted increase in the rate of recurrent VTE in the absence
of randomized controlled trials to determine-A? What is the most common strategy for
secondary prevention (or comparator)? Is the proposed intervention used outside clinical
studies and if so how often? Is the evidence needed? If a study evaluating an intermediate
dose of LMWH for secondary prevention of PAVTE was conducted, will physicians

participate in the study?
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5.2. Aims of the Survey

The principal aim of this survey was to define-A for the sample size calculations needed for
the future single arm study described earlier.
The secondary goals of the survey were:

i.  Gain knowledge about clinical equipoise

ii.  Assess the potential participation rate in the study

iii.  Assess current practices for secondary prevention (selection of the comparator)

5.3. Methods

5.3.1 Design
An electronic self-response survey, using Survey Monkey software (pro-edition) was

conducted. The target sample was experts and clinicians with ample experience in the
management of VTE associated with pregnancy. The original goal was to survey members
from the International Society of Thrombosis and Hemostasis (ISTH). This society includes
members from multiple countries who are interested in the management of VTE. The
request for the release of member information was rejected by ISTH due to their privacy
bylaws. Similar problems occurred when two other international societies of experts in
thrombosis disorders were contacted (European Society of Cardiology Thrombosis Interest
group and the North American Thrombosis forum). Only two groups agreed to collaborate
with this project: 1-The Thrombosis Interest Group of Canada and 2-the International
society of Obstetrics medicine. The final sample consisted of 300 physicians from both
societies.

The protocol was approved by the Ottawa Hospital Ethics and Research board to initiating

the survey. Initiation or completion of the survey constituted implied consent, as stated in
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the cover sheet. The survey did not collect any personal information or linked the

respondents to a database.

5.3.2Survey Instrument
The survey instrument consisted of 20 questions using different formats and was pilot tested

with physicians of the Thrombosis Unit at the Ottawa Hospital. Minor changes were made
after their evaluation.

The elicitation of -A aimed to evaluate the largest loss in efficacy that would be acceptable
when comparing the proposed strategy against the comparator in a single arm study. As
previously discussed, guidelines and experts have yet to reach consensus regarding the
standard of care for the secondary prevention of pregnancy associated VTE. It seems clear
that most guidelines and experts favor the use of full dose LMWH given twice a day over
once a day strategies. Treatment management based on anti-Xa levels has been a matter of
debate, and although not widely recommended, evaluation of real life practice has shown
that up to 76% of physicians used anti-Xa monitoring(82;101). For the reasons stated above,
it was decided that the comparator for the elicitation of the margin would be full dose
LMWH given twice a day with anti-Xa monitoring. Elicitation of the absolute accepted
increase in the rate of recurrent VTE was accomplished using two types of answers options.
The first was in open-ended format, and the second consisted of multiple choices with
anchors. The following statement was provided to physicians regarding the efficacy of

LMWH for the treatment of pregnancy associated VTE:

“The average rate of recurrent VTE in pregnant patients during pregnancy and the post-
partum period treated with monitored split q12 h full dose LMWH (given twice a day and
monitored with Anti-Xa levels) appears to be approximately 1.15% (Greer et al. Blood
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2005). The rate of significant bleeding during the ante-partum period appears to be 0.6%,
and 1.1% during the postpartum period (Greer et al. Blood 2005).

After the initial 30 days of treatment, some experts recommend reducing the dose to 75%
without monitoring and administering the drug once a day. The efficacy and safety of this
practice in the context of pregnancy awaits confirmation.

Assuming that a % dose reduction strategy LEADS TO A POTENTIAL REDUCTION IN
SIGNIFICANT BLEEDING, is given once a day and needs no monitoring, what is the
maximum potential increase in the absolute rate of recurrence during pregnancy and the
post-partum period that you would accept to consider the % dose reduction strategy non-
inferior to ongoing monitored twice daily full-dose treatment?

Multiple choice options were presented using the absolute risk (AR) and number needed to
harm (NNH). This approach was used to reduce the variability of the estimation of absolute
accepted increase in the rate of recurrent VTE produced by expressing effects using a single
measure (i.e. RR vs. NNH) (228;283) See example below:

e 0% In other words no increase in absolute rate of recurrent VTE during
pregnancy and the post-partum period is acceptable. The number needed to
harm with Y dose reduction is infinite i.e. you would need to treat infinite
patients with Y dose reduction to increase by one the number VTE compared to
full dose treatment

e 0.05%
e 0.1%
e 0.3%
e 0.5%

o /% In other words an increase in absolute rate of recurrent VTE during
pregnancy and the post-partum period of 1% (i.e. an increase from 1.15% with
full dose to 2.15% with dose reduction is acceptable). The number needed to
harm with Y dose reduction is 100 i.e. you would need to treat 100 patients with
Y dose reduction to increase by one the number of recurrent VTE compared to
full dose treatment

e 2%
e 3%
o 4%
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e 5%

o [0% in other words and increase in absolute rate of recurrent VTE during
pregnancy and the post-partum period of 10% (i.e. an increase from 1.15% with
full dose to 11.15% with dose reduction is acceptable). The number needed to
harm with Y dose reduction is 10 i.e. you would need to treat 10 patients with %

dose reduction to increase by one the number of recurrent VTE compared to full
dose treatment

The baseline rate of recurrent VTE and bleeding was extracted from the systematic review
conducted by Greer at al., as the systematic review for this thesis was started at the same of
the survey. To improve the elicitation of the margin, given the uncertainties regarding the
proposed strategy, physicians were presented with three extra scenarios:

i. A quarter dose reduction is given once a day without monitoring but is not
associated with a reduction in bleeding
ii. A quarter dose reduction is given once a day with monitoring and is not
associated with a reduction in bleeding
iii. A quarter dose reduction is given twice a day with monitoring and is not
associated with a reduction in bleeding

For the evaluation of clinical equipoise and future participation in the study, closed-ended
yes or no questions were used.

The evaluation of practices was conducted using a multiple choice option format with the
possibility of an open ended answer to increase the response rate. Information regarding the
type of heparin used for initial treatment and dosing; the type of heparin used for secondary
prevention and dosing; and finally the use of Anti-Xa levels to guide therapy during the
acute and secondary therapy period was collected.

Information was also gathered regarding years of practice, specialty, and knowledge about
research methodology.

Finally, to ensure that the survey was answered by physicians with ample experience in the

management of pregnancy associated VTE, a screening question was inserted at the
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beginning of the survey trying to identify physicians who have treated more than two
PAVTE during the last year. This number was reached by consensus among two thrombosis

experts (MR and MC).

5.3.4 Survey delivery
The target sample was contacted by electronic mail. An information sheet/electronic

statement indicating that participation was voluntary and ensuring confidentiality was
provided with each survey. The following were done to increase the response rate:
1-Two weekly electronic reminders were sent after the original survey
2-The survey included a cover letter explaining the goals and importance of the study
3-Completion of the survey required a response to each question
Since the initial response rate was low (23%) following the 2 electronic reminders, two
additional measures were taken to increase the response rate:
1. The survey was endorsed by three highly respected experts in the area of PAVTE
and a revised cover letter was included.
2. After receiving approval from the ethics board, compensation in the form of a
voluntary raffle wherein participants could win one of four gift cards valued at fifty

dollars each was offered.

5.3.5 Analysis
The absolute accepted increase in the rate of recurrent VTE was analyzed as median and SD.

The rest of the survey results are reported using descriptive statistics (percentages and 95%
CI). Stratified analysis was conducted by years of practice, specialty, and knowledge about
research methods using the student T-test or Wilcoxon rank sum, accordingly for each

question. The statistical power to detect a real difference between the accepted absolute
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increases in the rate of recurrent VTE in different scenarios was calculated by the normal
approximation methods with a 95% CI. Data was collected using Microsoft excel, and the

analysis was conducted using SAS.

5.4 Results
The survey was electronically mailed to 300 participants; 246 from the ISOM and 54 from

TIGC.

At the end of the survey 69/300 (23 %) had completed the entire survey. Five out 300 (1.6
%) were disqualified after the initial screening question. Sixty five percent of the responses
were obtained during the first week.

The final sample consisted of 27/69hematologists (39.1 %), 30/69 internists (43.5%),
8/69obstetricians (11.6 %), and 4/69 from other specialties (4.5%). Fifty out 69 (72.5 %),
reported at least 10 years of clinical practice and 41/69 (59.5) % reported some formal

training in research methodology.

5.4.1Elicitation of -A
When asked “After the initial 30 days of treatment, some experts recommend reducing the

dose to 75% without monitoring and administering the drug once a day. The efficacy and
safety of this practice in the context of pregnancy awaits confirmation. In the box below
please provide the increase in absolute rate of recurrent VTE that is acceptable (suggested
range 0 to 10%)” using an open ended question the absolute accepted increase in the rate of
recurrent VTE was 1.3% (SD 1.45) corresponding to a-A of 2.45%. When the same question
was posed as multiple options with anchors, see Figure 8, the absolute accepted increase in
the rate of recurrent VTE was 1.2% (SD1.16) corresponding to a-A of 2.35%, with no

statistical difference between the two formats (p-value 0.2). The absolute accepted increases
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in the rate of recurrent VTE when the intervention had no association with a reduction in

bleeding was 0.92% (SD 1.72), see Figure 9, corresponding to a-A of 2.05%, and was not

significant (p-value 0.3). When it was suggested that the intervention had no benefit at all

(no reduction in major bleeding, need for monitoring and was given twice a day) the

absolute accepted increase in the rate of recurrent VTE was 0.3%(SD 0.30; p-value 0.0001

for the comparison to a reduction in major bleeding, no need for monitoring and was given

once a day) corresponding to a-A of 1.45%. In table 12, the absolute accepted increase in the

rate of recurrent VTE is shown for each answer (different benefits) along with the statistical

power to detect a real difference between the accepted rates by scenarios and type of

question.

Assuming that a s dose reduction strategy LEADS TO A POTENTIAL REDUCTION IN SIGNIFICANT

BLEEDING, is given once a day and nesds no monitoring. what is the maximum potential increase in the

abaciuts rate Of recurrence during pregnancy and the post parum period thar you would accept to
consider the ' dose r strategy ior to ongoing Mmonitored twice daily full dose
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Figure 7Absolute accepted increase in the rate of recurrent VTE if an intermediate dose of LMWH was
associated with multiple dosing benefits and a clinically relevant reduction in bleeding
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Assuming that a ¥4 dose reduction strategy DOES NOT REDUCE SIGNIFICANT BLEEDING, is given once a
day and needs no monitoring. what is the maximum potential increase in the absolute rate of recurrence
during pregnancy and the postpartum period that you would accept to consider the % dose reduction
strategy non-inferior to ongoing monitored twice daily full_dose treatment?

;

25.0 %2 (19
2%+ 353

19.7 %= (15)

18.4 % (14)

15 26 —

oo .59 0.1 A0l Othar Responsas

Figure 8Absolute accepted increase in the rate of recurrent VTE if an intermediate dose of LMWH was
associated with multiple dosing benefits and but does not reduce bleeding

Training in research methodology had no impact on the accepted rate of recurrent VTE for
the main question using an open ended format [1.21 (SD 1.01) vs. 1.69 (SD 2.05); p-value
0.3]. Under the assumption that a quarter dose reduction did not reduce the incidence of
bleeding the difference in rate was higher but not significantly different (0.5 vs. 1.5; p-value
0.2). No significant variability according to physician specialty or years of practice was
found. Table 13, presents the analysis based on specialty, training in research methodology,

and years of practice.
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Table 12Elicitation of -A by type of answer and scenario

Absolute

Reduction in bleeding, no 79 13

monitoring and given OD ’
Multiple option N rate
Reduction in bleeding, no 79 12

monitoring and given OD ’
No reduction in bleeding, no 75 09

monitoring and given OD ’

No reduction in bleeding, needs
. . 70 0.7
monitoring and given OD

No benefit 69 0.3

1.45 2.45
Non-inferiority

SD margin

1.56 2.35

1.72 2.05

1.51 1.85

1.28 1.45

0.36

P-
value

Ref

0.2

0.04
0.001

8.76

Statistical

power

Ref

18.9

54
98.9

Table 13.Estimation of the margin analyzed by respondent characteristics

Reduction in bleeding, no monitoring and given
OD

No reduction in bleeding, no monitoring and
given OD

No reduction in bleeding, needs monitoring and
given OD

No benefit

Reduction in bleeding, no monitoring and given
OD

No reduction in bleeding, no monitoring and
given OD

No reduction in bleeding, needs monitoring and
given OD

No benefit

Reduction in bleeding, no monitoring and given
OD
No reduction in bleeding, no monitoring and
given OD
No reduction in bleeding, needs monitoring and
given OD
No benefit

*p-values >0.05 are reported as non-significant

0.94 (0.76) 1.79 ( 2.05) NS
0.57 (0.74) 1.5 (2.59) NS
0.41 (0.72) 1.13 (2.16) NS
0.28 (0.71) 0.38 (0.72)
0.87 (0.75) 1.44 (1.97)
0.6 (0.96) 1.08 (2.01) NS
0.48 (0.98) 0.79 (1.68) NS
0.08 (0.24) 0.39 (0.81) NS
0.94 (0.8) 1.47 (1.83) NS
0.74 (0.88) 0.94 (1.94) NS
0.56 (0.88) 0.70 (1.93) NS
0.18 (0.45) 0.30 (0.78)
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5.4.2 Current clinical practices
In patients with pregnancy associated DVT, the most common strategy during the acute

treatment period was LMWH given twice a day 42/69 (62%), followed by LMWH given

once a day 25/69 (36%). These results were similar for patients with PE, although 6% of the

respondents favored UFH for the initial treatment period.

For secondary prevention more than 70% of the respondents favored treatment with full
doses of LMWH given once a day or twice a day. An intermediate dose (once a day) for
secondary prevention was used bay minority physicians 16/69 (23.2 %) for patients

diagnosed with DVT and 15/69 (21.7%) for patients diagnosed with PE.

Strategy after the initial acute treatment phase (7 to 30 days) of DVT:

36.2 % (25)

348% (24)

23.2% (16)

20 % 4+———

43% (@

1.4% (1)

Low molecular weight Low molecular weight Low molecular weight r All Other Responses
heparin SC. full heparin SC. full heparin SC. 75%

dose twice a day dose once a day dose once a day

Figure 9Strategies used for secondary prevention in patients treated for DVT

A wide variation in practice was identified when the use of Anti-Xa levels was evaluated.

Forty eight physicians out of 69 (69.2%) used monitoring during the first 30 days (20.3%
weekly and 26.1% monthly in the absence of special indications such as extreme body
weight or kidney disease). Only 14/69 (20.3%) did not monitor Anti-Xa levels during the

first month.
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For secondary prevention, 24/69 (34.8 %) physicians never used Anti-Xa levels, while 21/69
(30 %) only did so on a weekly or monthly basis. The use of anti-Xa monitoring varied
according to the strategy used for secondary prevention. Among those using intermediate
doses, 18% (95% CI 5to43) used some form of anti-Xa monitoring for all patients. Among
those using full doses once a day21% (95% CI 8to41) used some form of anti-Xa monitoring
for all patients; whereas 45% (95% CI 27t065) of those using twice a day full doses used
monitoring used some form of anti-Xa monitoring for all patients.

No association was identified between physician specialty, research training, and years of

practice with respect to dosing and the use of anti-Xa monitoring.

5.4.3 Clinical equipoise and potential participation in a future study
When physicians were asked if they thought a study evaluating the efficacy of a quarter dose

reduction strategy for secondary prevention of PAVTE was needed, 68/69 (98.4 %) of them

answered yes , and 66/69 (95.7%) said they would be willing to participate in such a study.

5.5 Analysis of the results

A clinically accepted norm for -A is a proportional difference of 15% to 20% or less, smaller
than the typical 20% to 25% “minimally clinically important difference” criterion employed
in superiority trials(136). However, what constitutes a clinically acceptable difference is
ultimately a matter of judgment and might vary widely for each patient, physician,
investigator, regulator or payer, and the clinical circumstance(137). For example, any
difference in hard outcomes such as mortality or irreversible morbidity might have a greater

clinical meaning, thereby warranting a more narrow and conservative -A(284).
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Although recommended by funding agencies(131), surveys have not been widely used for
the elicitation of -A or even the minimally important difference. The main advantage of
surveys is that they provide researchers with perspective on the group that would potentially
use the intervention(283;285). On the other hand, the main limitation is the variation of the
estimates based on the way the effect is presented (relative risk, number needed to treat or
absolute risk) or the sample that was targeted (specialists against non-specialists) (283) that
can provide different estimates.

In this study we were able to elicit -A for single arm study using a survey, and to our
knowledge it is the first one to use this technique for the design of studies evaluating the
safety and efficacy of anticoagulation in pregnant patients.

Surveys have been used for the elicitation of the minimally important clinical difference, but
this method is not widely used because 1- it is labor intensive and 2- the results vary
according to the target population and the method used for the elicitation of the margin.

In order to allow for better discussion of the results,-As were transformed to odds ratio OR,
and will be referred as such for the remainder of the thesis. Relative scales, such as the odds
ratio (OR), are usually preferred over absolute scales (risk difference), to allow -A to adapt
in case of unanticipated differences in the observed and expected event rates(286).

Under the assumption that the proposed strategy was more comfortable for the patient (given
once a day and without anti-Xa monitoring) and had a reduction in bleeding, respondents
were willing to accept an absolute 1.1% loss in efficacy (corresponding to an OR of 2.1).
The -A corresponding to an OR of 2.1 was similar to the -A used in recent randomized
controlled trials evaluating a new oral anticoagulant agent rivaroxaban (RR 1.7), where they

used statistical reasoning; or comparing LMWH against UFH(287) (RR 2) where it was
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elicited from historical observational studies of UFH against placebo. The-A was more
conservative than the one used in a recent study evaluating dabigatran (RR 2.75), where the
margin was elicited using historical studies comparing warfarin against placebo after 6
weeks of treatment(142). Compared to prior studies conducted in the non-pregnant
population, the assumption of the-A included a reduction in a hard endpoint, which was not
explicitly assumed in studies conducted in non-pregnant patients.

The results could be explained by the number of physicians trained in research methodology
who participated in the study, but these groups provide us with a non-significant more
conservative margin than those not trained in research methodology (OR 1.7 vs. 2.3).
Another relevant finding was that the selection of the-A varied only if the intervention had
no benefits. Reductions of a hard endpoint such a bleeding led to an increase in the upper
margin when compared to no benefits at all (OR 2.1 vs. 1.2: p-value <0.001), but not when
the strategy was more comfortable for the patient (given once a day and with no monitoring;
OR 1.9 vs.1.2; p-value NS). However, the survey was underpowered to show a statistically
significant decrease in the-A when benefits of the proposed intervention did not translate
into increased safety or a hard endpoint.

Compared to other authors(283), the presentation of information for the elicitation of the
margin (using multiple choices with anchors vs. open ended questions) did not vary the
margin selected, although it was underpowered to detect a real difference. Our results could
have been different if a larger sample was used, and if the we have used different approaches
to elicit the margin, although the best approach remains to be proven (288).The survey
showed that the use of full dose of LMWH is the standard of care for secondary prevention

of pregnancy associated VTE. A wide variation in strategies used for the initial acute
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treatment period and for secondary prevention was found for dosing (once a day vs. twice a
day) and for the use of Anti-Xa monitoring corresponding to the uncertainty reported by
recent guidelines, expert reviews, and observational studies. Less than a quarter of the
respondents favored the use of an intermediate dose of LMWH given once a day for
secondary prevention for both DVT and PE, while 71% preferred the use of full doses (50%
once a day and 50% twice a day). Monitoring with anti-Xa levels was widely used during
the acute treatment period (45% monitored all patients at least once), while 34% monitored
all patients after the acute treatment period. Although our findings regarding dosing
strategies are similar to a prior study conducted by Voke et al(82), a significant variation in
the use of anti-Xa level monitoring, especially for secondary prevention, was found. The
study by Voke et al(82)reported that 76% of physicians used anti-Xa level during treatment,
but did not specifically report the responses for secondary prevention.

Most of the physicians answering the survey were not obstetricians, a phenomenon also
observed in a study by Coppeltone et al(101). This finding may represent the current trend
wherein the care of patients who develop conditions during pregnancy is transferred to
internal medicine specialists.

Finally, equipoise for conducting the study was identified as more than 90% of the
respondents agreed that a study evaluating an intermediate dose of LMWH strategy for the
secondary prevention of PAVTE was needed and if such a study were to be conducted, they

would participate.

5.6 Limitations
The survey has limitations. First, the original target sample was not achieved as the ISTH

and the European society of Cardiology were unable to participate in the survey due to their
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privacy bylaws. Only the TIGC and ISOM collaborated with the survey (all emails to TIGC
members were sent by their own administrative staff). Still, these two societies represent a
group of selected experts in the field of thrombosis, or physicians with expertise and interest
in obstetric medicine, providing us with a small but representative sample of physicians
involved in the care of pregnant patients treated for VTE. One relevant finding is that the
rate of obstetricians answering our survey was small (11.8%). This finding may represent
the current trend, were conditions that develop during pregnancy are managed by internal
medicine specialists.

Second, the response rate was low (35%) and consequently the sample size was 60% smaller
than expected. Although the utilization of incentives and endorsement from recognized
experts had an impact on the final response rate (increasing it by 23%), a mixed model
(using multiple response options) approach could not be used as originally planned. Mixed
models of response are associated with higher responses rates than surveys conducted using
a single method, although for this survey recommended measures to increase response rates
were taken(289;290). Two other factors can explain our rates: 1- the number of studies that
use e-mail to collect data has been increasing over the last years while the average response
rate to the surveys appears to be decreasing(289). Although, there widespread use of
internet surveys could be associated to a lower response rate, in recent comparisons of web-
based surveys to traditional methods it was concluded that both methods achieved a similar
response rate(289;291)

These two facts suggest that the results could potentially be biased by a positive selection of
respondents. Nevertheless, it has been recognized that sample size and response rate do not

change the accuracy of the predictions achieved by surveys. Low response rates achieved by
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mail have shown to be more accurate in their predictions than higher response rates using
the telephone(292;293). The explanations to these findings are(292): 1- that respondents are
more likely to get involved in the topic of the survey when using as delivery method; 2-
mailed surveys provide respondents with the opportunity to analyze their own answers by
allowing to review the answers increasing the chances of participation; and 3-the group of
respondents might be involved in the topic of interest. Finally respondents of mail surveys
are more likely to have future involvement in the activity or issue surrounding the topic of
the survey.

Third, the-A was elicited using only one comparator (full doses LMWH twice a day
monitored with anti-Xa),a fixed rate of recurrent VTE and without an upper bound of the
95% CI. It is unknown if the margin would have been similar to the one elicited if other
strategies were used as the comparator or if the rate of recurrent VTE was lower. For
example, if an intermediate dose of LMWH was compared against full doses of LMWH
(given once a day and without monitoring); the margin could have been smaller as the
reduced dose strategy would have only reduced bleeding. Still, the most relevant limitation
for the interpretation of the margin is not presenting the complete efficacy of the treatment
by a 95% CI. In the systematic review conducted by Greer et al(74) the upper bound was
4.1%, which was not provided in the statement used for the elicitation of the-A. Using
Greer’s upper 95% CI of 4.1% would have misguided respondents to accept an estimation of
efficacy based on 174 patients from observational studies. When the total of treatment
cannot be calculated, one solution is to simply use what is believed to be a conservative
estimate of the effect of the active control over placebo(133). The use of surveys or Delphi

groups to define the margin is accepted by the EMA, even in the absence of prior placebo
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controlled studies, provided that it would lead to a confident assumption that the product
would have been shown to be efficacious if a placebo-controlled trial had been

performed(131;186)

5.7 Conclusions
The results of the survey have multiple implications for the design of the future study. The-

A could be elicited using this technique and did not show variations in comparison to
commonly used methods for the elicitation of the -A used in randomized studies conducted
in the non-pregnant population. Assuming that an intermediate dose of LMWH (given once
a day without anti-Xa monitoring) for secondary prevention of PAVTE leads to a significant
reduction in bleeding, respondents would accept an absolute increase of 1.2%,
corresponding to an OR of 2.1, in the rate of recurrent VTE to claim non-inferiority. A
relevant finding was that the proposed strategy was already in use in clinical practice. The
main limitation of the survey was that although the use of full dose LMWH for secondary
prevention is the standard of care, it could not identify any specific strategy (defined by
dosing or anti-Xa monitoring) as comparator. Still, more than 90% of the respondents agreed
that a study evaluating a quarter dose reduction strategies after the acute initial treatment

period is needed and would participate if the study was conducted.
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6.0 Should a single arm study evaluating an intermediate dose
of LMWH (given once a day without monitoring) for the

secondary prevention of PAVTE be conducted?
As discussed, the evidence guiding management of PAVTE is based on low quality studies

and the extrapolation of data from non-pregnant populations. Nonetheless, the results of the
systematic review and survey clearly show that:

1- Low molecular weight heparin is the drug of choice for most physicians who answered
the survey. Results from the systematic review showed that compared to UFH, LMWH is
possibly associated with a reduction in major bleeding, lower rates of recurrent VTE, and
fewer incidents of fetal miscarriage or stillbirth.

2- There is a wide variation in practice regarding dosing, dose reduction, and anti-Xa level
monitoring. A quarter of the physicians favored a dose reduction after a month of treatment,
two thirds did not guide therapy based on anti-Xa levels after the first thirty days of
treatment, and more than fifty percent of the respondents favor the use of dosing once a day
for patients treated with full doses during secondary prevention. In the systematic review,
anti-Xa level monitoring or dosing once a day vs. twice a day did not appear to influence the
rate of recurrent VTE. However, those managed according to anti-Xa levels seemed to have
a higher incidence of major bleeding regardless of the dose used. The use of once a day
dosing did not appear to increase the proportion of recurrent VTE or the proportion of major
bleeding.

3-Compared to full dose treatment an intermediate dose used for secondary prevention did
not seem to be associated with a reduction in efficacy for secondary prevention. Moreover
the use of intermediate dosing without anti-Xa monitoring appears to be associated with less

major bleeding compared to the use of full doses of LMWH with anti-Xa monitoring.
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4-Most of the survey respondents believe that a study evaluating dose reduction is needed
and 95.7% would be willing to participate should the study be conducted.

5- The -A for a non-inferiority study was elicited and appears to be an absolute increase of
1.2%, corresponding to an OR of 2.1.

In conclusion, evidence suggests that using an intermediate dose of LMWH(given once a
day without monitoring) for secondary prevention of PAVTE is beneficial; that high quality
evidence is needed to support the management of PAVTE; that physicians need this

information; and finally, physicians would participate in the study if conducted.

7.0 Design of an single arm study for the evaluation of an
intermediate dose of LMWH for secondary prevention of
pregnancy associated VTE

Single arm studies are recommended in situations where(196):1- historical data is available;

2- the margin is an acceptable value that is clinically relevant; 3- there is an accepted
standard; and 4- there are no concerns over the safety of the accepted standard.

For the evaluation of the use of intermediate dose of LMWH for secondary prevention of
PAVTE, all the criteria for conducting a single arm study are met: 1-it is clear from the
survey and systematic review that the standard of care for secondary prevention of PAVTE
is the use of full dose LMWH and historical data from observational studies was found to
produce an estimate of efficacy. One could argue that the quality of the component studies
of my systematic review is too poor to provide a historical control estimate, however, even if
we assume full dose treatment is perfect (i.e. 100% effective) we could design a single arm
study that shows that a new intervention is or is not close enough to perfect to be adopted; 2-
the margin was elicited by surveying physicians with interest in the management of PAVTE;

and 3- It was strongly suggested in the systematic review that safety outcomes such as
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heparin induced thrombocytopenia; maternal death, fetal death/malformation and
osteoporosis are rare during treatment with LMWH.

For a single arm study to be relevant for practicing physicians treating PAVTE, it should be
based on a summary of the efficacy of multiple strategies, a principle similar to the one used
for the approval of mechanical valves, where the OPC/G is defined by the pooled rate of
thrombotic events for all of the devices previously approved. Similar designs have been used
in prior studies to assess efficacy of anticoagulation strategies in special populations or
diagnostic strategies as shown in Table 5, and some of them have even led to a change in
medical practice.

Under that assumption that all full dose strategies are similar in efficacy, and that a strategy
based on intermediate doses does not seem to be associated with a loss in efficacy for the
prevention of recurrent VTE, pooled proportion of 0.011(95% CI= 0.0011 to 0.029), and
that the use of intermediate doses without anti-XA monitoring could be associated with a
reduction in major bleeding (0.006 vs. 0.025 in patients treated with full dose), it seems
reasonable to use the pooled proportion of recurrent VTE for all patients treated with full
doses of LMWH as the baseline value for efficacy to prevent recurrent VTE (0.012).The
selection of the -A for efficacy should be based on the results of the survey. The elicited -A
was 2.35% (corresponding to an absolute increase in the rate of recurrent VTE of 1.2%) with
multiple options questions and 2.45% (corresponding to an absolute increase in the rate of
recurrent VTE of 1.3%) using an open ended question, assuming that the rate of recurrent
VTE with full doses of LMWH was 1.15% and that an intermediate dose of LMWH leads to
a reduction in bleeding. To be conservative, the margin elicited with multiple options will be

used. To adjust for differences rate of recurrent VTE used for the elicitation of the margin
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(1.15%) and the pooled proportion estimated in the systematic review (0.012 corresponding
to 1.2%), the margin was transformed to an OR of 2.1, leading to a -A of 2.5% (or an
absolute loss in efficacy of 1.3%). The statistical hypothesis of efficacy for the study is:
» HO: The rate of recurrent VTE in patients treated with an intermediate dose of
LMWH given once a day and without anti-Xa monitoring is >2.5%
» H1: The rate of recurrent VTE is in patients treated with an intermediate dose of

LMWH given once a day and without anti-Xa monitoring is <2.5%

Alternatively, the study could be designed whereby the comparison is to “perfect”
effectiveness of full dose LMWH. This study design would have the following statistical
hypothesis:

0 HO: The rate of recurrent VTE in patients treated with an intermediate dose of
LMWH given once a day and without anti-Xa monitoring is >1.2%

0 H1: The rate of recurrent VTE is in patients treated with an intermediate dose of
LMWH given once a day and without anti-Xa monitoring is <1.2%

However, most clinicians accept that no therapy is perfect and would accept that 1.2%

determined in the systematic review is a more estimate of full dose LMWH’s efficacy.

The rationale for using an intermediate dose is that it may potentially reduce the incidence of
major bleeding. For the evaluation of safety it was assumed that an intermediate dose of
LMWH used for secondary prevention would lead to a 60% reduction in major bleeding.
Assuming that the pooled proportion of major bleeding in patients treated with full doses of

LMWH is 0.025 (corresponding to 2.5%), and that the pooled proportion of major bleeding
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in patients treated with intermediate doses given once a day and without monitoring is 0.006
(corresponding to 0.6%),the statistical hypothesis for safety is:
» HO: The rate of major bleeding in patients treated with an intermediate dose of
LMWH given once a day and without anti-Xa monitoring is >1%
» H1: The rate of major bleeding is in patients treated with an intermediate dose of
LMWH given once a day and without anti-Xa monitoring is <1%
Sample size calculations were based on the normal approximation to the binomial
distribution using the following formula(188):

N={Z [mo+(1- )] - ZpV [m1+(1- 1))} /mo-m1-X°

In this formula 7, represents the null hypothesis, wt; represents the alternative hypothesis,
n(1- ) is the standard deviation, Z, is the Z value for an alpha = 0.05 (1.645 for a single
sided test and 1.84 for a two-sided test) and Zgthe lower one-sided Z value for beta=-0.84.
As such, we would accept a 5% chance of falsely rejecting the null hypothesis: one-sided
alpha = 0.05 for efficacy and two-sided alpha=0.05 for safety. The one sided test for efficacy
is based on the assumption that the use of an intermediate dose would not be more effective
than full doses of LMWH, and that by reducing the sample size fewer patients would be
exposed to the intervention if it was less effective. We would accept a 20% chance of falsely
not rejecting the hypothesis (power = 80%).

To achieve these standards a study sample size of 716 participants is needed to assess
efficacy and 676 to assess a statistically significant reduction in bleeding. Assuming a
conservative 5% of participants lost to follow up the sample size needed was calculated at
754. Given the expected limitations for enrolment discussed previously in section 2.3, the

design of pilot study aiming to evaluate the feasibility of enrolment rate is presented.
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8.0 Pilot study
Hypothesis

The principal hypothesis of the current proposal is that an intermediate dose of LMWH
(given once a day and without anti-Xa monitoring) for secondary prevention of PAVTE
does not lead to an increase in rate of recurrent VTE and is associated with a reduction in
major bleeding compared to commonly used strategies.

Study Objective

Evaluate the feasibility for conducting a multicenter single arm trial aiming to evaluate the
safety and efficacy of an intermediate dose of LMWH (given once a day and without anti-

Xa monitoring) for the secondary prevention of pregnancy associated VTE.

8.1 Study design

The pilot study will evaluate the enrollment feasibility of a single arm study. A randomized
controlled trial, which would provide Level 1A evidence to guide practice, would be the
ideal study design. However, due to the expected low recurrent VTE and low prevalence of
the disease, large unachievable sample sizes would be required to test our principal
hypothesis. A non-inferiority randomized controlled trial design comparing our proposed
strategy to standard of care would require a total of 4400 patients (power 90%, alpha 0.025),
making the study unfeasible.

In order to reduce the sample size, the use of a single arm study is proposed. In single arm
studies a set of values are established, based on prior data and suggestions of those more
likely to use the new intervention, against which a new intervention might be compared for
efficacy and safety.

The efficacy hypothesis of the study is that the rate of recurrent VTE in patients treated with

intermediate doses of LMWH would not exceed 2.5%. If the hypothesis is met, then it could
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be assumed that an intermediate dose of LMWH for the secondary prevention of PAVTE
(given once a day and without monitoring) is non-inferior to full dose strategies, leads to a
reduction in major bleeding, could reduce cost of care, and be more comfortable for the
patient. The sample size needed for the study was set at 756.

Given the low prevalence of the disease (1-2 events per 1000 pregnancies) and high number
of participants required to conduct the study, along with the expected difficulties to enroll
pregnant participants in the study, the use of a pilot study to evaluate feasibility is
indispensable.

The pilot study will be conducted at five Canadian sites. In addition to feasibility data, we
will carefully collect clinical data in the pilot study and strive to conduct the pilot in the
same manner as the eventual full trial(294;295). All patients will be enrolled in the pilot
study using the same inclusion and exclusion criteria that we have defined for the main
study(295), and will receive the same intervention (an intermediate dose of LMWH after the
acute treatment period). This approach will allow us to include patients from the pilot study
into the main study sample by using an adaptive study approach, further reducing the

number of patients needed to enroll for the main study(294).

8.3 Study population

We will strictly adhere to the criteria listed below to recruit eligible women to the trial. All
patients will be enrolled within 30 days of the objective diagnosis of pregnancy associated
DVT and/or PE. A research nurse, in conjunction with a study investigator, will be
responsible for screening patients and assessing their eligibility so that all potentially

eligible women are given the opportunity to participate.
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8.3.1 Inclusion Criteria
1) All pregnant patients (pregnancy is defined as a positive serum or urine BHcG and

/or a viable fetus shown in ultrasonography) with a confirmed diagnosis of DVT, PE or both
and more than 4 weeks before the expected due date. The diagnosis of PE and DVT are
defined as:
1) High probability V/Q scan or a CTPA showing a filling defect in a
segmental or larger vessel (single sub-segmental embolus will be considered
as PE if ultrasonography is positive for DVT);
i) Non—high-probability V/Q scans with an ultrasound positive for DVT
i) A non-compressible segment of the lower extremity proximal venous
system (over the trifurcation of the popliteal vein and up to the iliac vein)
confirming the diagnosis of DVT on ultrasonography; or venography
demonstrating a constant intraluminal filling defect of the lower extremity
proximal venous system (over the trifurcation of the popliteal vein and up to
the iliac vein). A DVT that does not fit the above criteria will be excluded
from the study; AND
2) The event was diagnosed within 30 days of the day of enrollment; AND
3) Received an acceptable treatment strategy as defined by the study protocol during
the first 30 days after the diagnosis of a pregnancy associated venous thromboembolism:
dalteparin (200 u/kg OD or 100 u/kg BID), enoxaparin (1 mg/Kg bid or 2mg/Kg OD),
nadroparin (171 U/Kg OD or 78 U/Kg BID) tinzaparin (175 u/kg od); or IV/SC UFH (using
a full dose protocol) after the diagnosis of pregnancy associated venous thromboembolism.
The initial drug and dosing strategy will be left to the treating physician discretion. During

the acute treatment period physicians will be allowed to manage patients according to Anti-
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Xa levels. After the initial 30 days of treatment changes in dose based on Anti-Xa levels or

dosing changes from once a day to twice a day will be considered protocol violations.

8.3.2 Exclusion criteria

1.

—

iii.

1v.

V1.

vil.

Viil.

iX.

1.

Objectively diagnosed recurrent VTE during the first 30 days of treatment
Patients initially treated for venous thromboembolism with surgery; an
endovascular procedure with or without stent; or had an inferior vena cava filter
not removed within thirty days of the initiation of treatment

Patient age is less than 18 and legal guardians do not provide informed consent
Patient has a major contraindication to anticoagulation defined as: severe
bleeding diathesis, < 50000 platelets; neurosurgery, intra-ocular surgery or
intracranial bleeding during the last ten days; major head trauma; brain
metastases; gastrointestinal or urinary bleeding in the last 14 days

Extreme weight of greater than150 KG or less than 40 kg at the time of
enrollment

Patient needs lifelong anticoagulation for other indications (mechanical valves,
Stroke, atrial fibrillation or APL syndrome)

A serum creatinine is greater than 80 mmol/L or the 24hs calculated clearance is
<30 ml/min

Have a known allergy to LMWH or any of the components in the solution used
as vehicle. Patients with confirmed heparin induced thrombocytopenia during the
first 30 days of treatment

Have cancer (under treatment or less than 6 months free from disease)
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x.  Have co-morbid condition (such as heart failure, COPD or dementia) with a life
expectancy less than 3 months.

xi.  Refuse or are unable to provide informed consent

xii.  Geographic inaccessibility to follow-up
The ideal study design would involve enrolling all women diagnosed with pregnancy
associated VTE. Enrolling participants who are diagnosed with VTE within less than 4
weeks of the expected due date, would reduce the exposure time to the intervention.
Furthermore, as shown in our survey, there is a wide variation of practices for the
management of venous thromboembolism close to the peri-partum period, thereby making it
difficult to create a uniform study protocol. The exclusion of patients with extreme body
weight is justifiedas these patients require a more tailored approach based on Anti-Xa
monitoring and more frequent dose adjustments.
The exclusion of patients managed with an interventional approach is justified given the
uncertainty regarding the rate of recurrent VTE, especially in those who are treated with
stent insertion.
Finally, patients with a creatinine clearance of less than 30 ml/min have a contraindication
for the use of LMWH due to accumulation of the drug and potentially increased risk of

bleeding

8.4 Study Intervention
Women with an objective diagnosis of PAVTE will be recruited during the first 30 days of

treatment provided they are receiving one of the following strategies: dalteparin (200 u/Kg
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OD or 100 u/Kg BID), enoxaparin (1 mg/Kg BID or 2 mg/Kg OD)', nadroparin (171 U/Kg
OD or 78 U/Kg BID) tinzaparin (175 U/Kg OD); or IV/SC UFH (using a full dose protocol).
Women who meet the inclusion criteria for the study and provide written, informed consent,
will have blood drawn (creatinine, PTT, INR and CBC) to ensure there is no
contraindication to LMWH therapy.
Following the initial 30 days of initial treatment, patients will start the study intervention
period. All patients will be treated with 75% of the original dose without monitoring,
administered subcutaneously once a day, and adjusted to extreme body weight changes
defined as changes of more than 10% of the initial enrollment body weight.
This dose will be maintained throughout the duration of pregnancy and for at least six weeks
after delivery to complete a minimum duration of treatment of 90 days. Dose adjustments
based on anti-Xa levels during this study period will be considered a protocol violation,
along with changes to twice a day dosing.
The recommended intermediate doses of LMWH are:
1. Tinzaparin 131 U/Kg OD

ii. Nadroparin 128 U/Kg OD

iii.  Dalteparin 150 U/Kg OD

iv. Enoxaparin 1.5 MG/Kg OD*
To avoid variations in practice, a detailed management strategy for managingthe peri-partum
period is described below:

1. Induced labor or c-section before expected due date

' As per the recommendations of the 2012 ACCP guidelines, the use of 1.5 mg/Kg of enoxaparin once daily is
not advised(3)

% As per the recommendations of the 2012 ACCP guidelines 1.5 mg/Kg of enoxaparin would correspond to the
75% dose(3)
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ii.  One day before the planned delivery date, switch once a day dosing of
LMWH to twice a day, to be stopped 12 hours before delivery. The
rational for splitting the dose is to minimize the risk of full
anticoagulant effect and “time in the therapeutic range” during labor.

iii.  Start prophylactic dose of LMWH (enoxaparin 40 mg, dalteparin
5000 U or tinzaparin 4500 U once a day) restarted 6 hours post
vaginal delivery or 12 hours post C-section if no major bleeding
occurred; and/or once epidural catheter is removed.

iv.  Forty eight hours after delivery restart once a day ante-partum dose
for a minimum of 6 weeks, and ideally to complete for at least 3
months of treatment for those with a clear provoking factor
(immobilization or surgery) and 6 months for those with unprovoked
events .

The 75% dose will be given for the duration of pregnancy and at least 6 weeks after delivery
(to complete at least 90 days of treatment including the acute treatment period) in
accordance with the ACCP guidelines of 2012. The total duration of treatment beyond 90
days will be left to the discretion of the treating physician. The intervention will be
discontinued early and appropriate clinical management will be initiated in the case of the
following outcome events: A patient should be withdrawn from study if, in the opinion of
the investigator, it is medically necessary, or if it is the wish of the patient. Termination of
study drug prior to completion of treatment may be considered in the case of adverse events
such as: 1) Recurrent VTE (objectively documented proximal recurrent DVT or PE 2)
Stillbirth (fetal death > 20 weeks gestation) considered to be associated with LMWH, 3)

Miscarriage (fetal death < 20 weeks) considered to be associated with LMWH, 4) Major
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hemorrhage, 5) Thrombocytopenia defined as a platelet count of less than 50.000, or

confirmed heparin induced thrombocytopenia, and 6) Unprovoked bone fractures.

All patients who develop thrombocytopenia will have PF4 heparin induced

thrombocytopenia ELISA and serotonin release assays to confirm or refute a diagnosis of

heparin induced thrombocytopenia, before considering the termination of their treatment.

Reasons for withdrawal will be clearly recorded and source documentation should be

obtained for all relevant test results leading to the withdrawal (e.g. CT scan showing major

bleeding or recurrent venous thromboembolism).

8.5 Primary and secondary outcome measures
1. Main outcome:

1.

Obtain a precise estimate of the potential recruitment rate per center for the

future single arm study (study feasibility)

2. Secondary outcomes:

11.

1il.

1v.

Obtain a precise estimate of the primary efficacy outcome event rate for the
main study (recurrent VTE)

Obtain a precise estimate of the primary safety outcome event rate for the
main study (major bleeding)

Estimate the percentage of eligible candidates to enroll

Estimate the percentage of patients who will complete follow-up compliant
with an intermediate dose

Obtain a precise estimate of other relevant outcomes
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8.5.1 Recruitment rate and study feasibility
The following criteria were set to claim feasibility of study

1- Yearly recruitment rate per center was defined as a minimum of three patients per
center or at least 15 patients across all the five centers. The rationale is that 67 centers would
potentially collaborate with the study andit will require less than 5 years completing the
study if each center enrolls three patients per year.

2- Percentage of eligible candidates enrolled. The criterion for success was defined as
more than 70%. The rationale for the criterion was to avoid selection bias that would
eventually reduce the external validity of the results.

3- Percentage of patients who will complete follow-up compliant with an intermediate
dose. The criterion for success was defined as more than 90% of participants completing
follow up. If more than 10% of the patients cross-over to different strategies the

interpretation of the results would be jeopardized.

8.5.2 Efficacy and safety outcomes
Rate of objectively adjudicated recurrent VTE (fatal or non-fatal) will be the main secondary

outcome measures for this study and the primary efficacy outcome if a single arm study was
feasible. The main safety outcome for the single arm study is major bleeding as defined by
the ISTH. Secondary outcomes will also be assessed: PE related mortality, all-cause
mortality, fatal recurrent VTE, ante-partum bleeding, post-partum bleeding, minor bleeding,
heparin induced thrombocytopenia, fetal malformation and osteoporotic fractures. All
clinically relevant secondary outcomes will be reviewed and adjudicated by an independent

committee of experts.
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1-Recurrent DVT

1.

ii.

iii.

Compression ultrasound revealing a new (compared to baseline
ultrasound) area of non-compressibility of a venous segment above the
trifurcation of the popliteal vein will be considered diagnostic of a DVT;
OR

Magnetic resonance showing a constant intraluminal filling defects above
the trifurcation of the popliteal vein; OR

Venography demonstrating a constant intraluminal filling defects above

the trifurcation of the popliteal vein

2-Recurrent PE
All patients with suspected recurrent PE will have a bilateral leg ultrasound before

performing a V/Q scan. If a new DVT or a recurrent DVT is diagnosed following the

previous criteria, recurrent PE will be diagnosed. If the ultrasound shows no evidence of

DVT a V/Q scan will be performed. If the V/Q scan perfusion study shows no evidence of

defects or reported as normal when compared to their baseline study, PE will be considered

excluded. Recurrent PE will be confirmed if®

1.

11.

If the V/Q scan is not-normal and presents a new unmatched segmental or
greater perfusion defect is documented then PE will be diagnosed; OR

If a new matched or sub-segmental perfusion defect is documented in the
V/Q scan a spiral CT scan will performed. If the spiral CT demonstrates
an intraluminal-filling defect in a segmental or greater vessel in an area of
normal perfusion on the baseline V/Q scan then PE will be diagnosed;

OR
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iii.  All other patients will require pulmonary angiography to diagnose or
exclude suspected recurrent or new PE. Pulmonary angiography
demonstrating a constant intraluminal filling defect or a cutoff of a vessel
> 2.5 mm in diameter is considered diagnostic for PE. PE found at
autopsy will be also considered diagnostic of recurrent VTE; OR

iv.  The patient died from an autopsy proven PE or the cause of death was
classified as secondary to PE. All cases where the cause of death could

not be determined will be classified as secondary to PE

3-PE related mortality and all-cause mortality
An autopsy will be conducted whenever possible. Causes of death will be classified as being

due to PE, being due to an alternative disorder, or as sudden death or unexplained sudden
cardio-respiratory deterioration (both therefore potentially due to PE) according to the expert
adjudication committee. Any death associated with PE occurring after the dose is reduced
will be considered a recurrent VTE.
4-Major bleeding
Will be defined as perthe ISTH recommendations(57;58):
1. Fatal bleeding, and/or
ii.  Bleeding that is symptomatic and occurs in a critical area or organ, such as
intracranial, intra-spinal, intraocular, retroperitoneal, pericardial, in a non-
operated joint, or intramuscular with compartment syndrome, assessed in
consultation with the surgeon, and/or
iii.  Extra-surgical site bleeding causing a fall in hemoglobin level of 20 g L—1 (1.24

mmol L—1) or more, or leading to transfusion of two or more units of whole
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blood or red cells, with temporal association within 24—48 h to the bleeding,
and/or

iv.  Surgical site bleeding that requires a second intervention— open, arthroscopic,
endovascular — or a hemarthrosis of sufficient size as to interfere with
rehabilitation by delaying mobilization or delayed wound healing, resulting in
prolonged hospitalization or a deep wound infection, and/or

v.  Surgical site bleeding that is unexpected and prolonged and/or sufficiently large
to cause hemodynamic instability, as assessed by the surgeon. There should be an
associated fall in hemoglobin level of at least 20 g L—1 (1.24 mmol L—1), or
transfusionof at least two units of whole blood or red cells, with temporal
association within 24 h to the bleeding.

vi.  The population is those who were treated for at least one day with the study

intervention.

5-Obstetrical ante-partum Bleeding
Ante-partum hemorrhage (APH) is defined as bleeding from the birth canal after the 20th

week of pregnancy requiring admission to hospital for assessment and management.

6-Severe Post-partum Bleeding
Severe post-partum bleeding will defined as the amount of blood loss estimated by the

attending obstetrician or midwife of more than 500 ml for vaginal delivery and more than
1000 ml for c-section, respectively, within 24 h of delivery; or a drop in the hematocrit

greater than 10%.

7-Minor bleeding
All bleeding events not included in the previous groups will be qualified as minor bleeding.
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8-Heparin Induced Thrombocytopenia
All patients who develop non-mild thrombocytopenia (platelets less than 115 or 50%

decrease from baseline) will have a PF4 heparin induced thrombocytopenia ELISA and
serotonin release assays to confirm or refute a diagnosis of heparin induced
thrombocytopenia. Heparin induced thrombocytopenia will be diagnosed with a positive
PF4 heparin induced thrombocytopenia ELISA assay and positive serotonin release assay.
Patients will have their study drug discontinued and an alternative anticoagulant will be
commenced as per standard of care (e.g. danaparoid, fondaparinux or lepirudin) in
consultation with a hematologist, until the assays results are back. If the functional test is

positive the patients will be considered to have HIT.

9-Osteoporotic Fractures
Patients presenting with unexplained bone pain will have plain film imaging of the affected

area. If a cortical disruption is noted, a fracture will be diagnosed. Bone mineral
densitometry will be conducted to determine if the fracture is secondary to osteoporosis.
Before adjudicating the event to LMWH, other conditions associated with osteoporosis
should be ruled out.

10-Miscarriage or stillbirth

Miscarriage will be defined as the loss of an embryo or fetus before the 20th week of
pregnancy. Stillbirth will be defined as the delivery of a fetus that has died before birth after
20 weeks of pregnancy. Information about these outcomes will be evaluated by data safety

monitoring board to evaluate if the event was associated with the use of LMWH.
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11-Fetal malformation
Fetal malformation is defined as a physical defect present in a baby at birth that is

permanent. Information about these outcomes will be evaluated by the data safety

monitoring board to evaluate if the event was associated with the use of LMWH.

8.6 Data collection and outcome surveillance

Feasibility: We will determine the average per center recruitment rate. Detailed screening
and enrolment logs will be completed at each participating center and sent to the Multi-
Center Trial office monthly

Baseline Clinical Data: At the time of enrolment, demographic data, data regarding the
pregnancy, potential risk factors, type of index event (DVT or PE), body mass index,
baseline blood work (to exclude renal dysfunction or platelet abnormalities), history of
recent major bleeding and initial treatment will be collected by the research nurse from the
clinical record and interview with the patient. The research nurse will then review the signs
and symptoms of VTE and bleeding and identify the date in which the dose of LMWH
should be reduced by a quarter. The patient will be given instruction about the expected date
to reduce her dose and will be given a prescription for pre-filled syringes of LMWH
corresponding to 75% of her enrollment body weight. Patients will be advised to contact the
nurse or investigator or go directly to the emergency department in the event of these or
other suspected adverse events. Each participant and a dedicated second person
(partner/friend/relative), if available, will be instructed to record the dates and times of
subcutaneous study drug injection in a diary.

Monthly visit: The participants will be seen monthly until delivery and at twelve weeks
post-delivery. At each visit patients will be asked about symptoms of DVT or PE, minor or

major bleeding, tolerability of the study drug injections and the compliance diary will be
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reviewed. A physical examination including weight, blood pressure, oxygen saturation, will
be performed.

All participants will have monthly CBC and liver function tests. Anti-Xa levels will be
drawn 4 hours post-injection of initial treatment and will be done at baseline, days 5 or 7,
week 4 prior to dose decrease, monthly after the dose was decreased, at presentation to labor
and delivery (if possible) and 12 weeks post-partum. All anti-Xa monitoring results will be
blinded to the participating physicians and the adjudication committee, and will be used for
eventual stratification of outcomes.

Additional treatments started will be recorded to document potential co-intervention or
contamination. All patients and providers will be instructed to contact the study investigator
if symptoms of recurrent VTE, major bleeding or other relevant outcomes occur.

To assess fetal wellbeing all patients will undergo obstetrical ultrasound within first two
months of starting the intervention.

The following data will be collected after delivery:

1. Labor and delivery data: Date and time of delivery, spontaneous onset or
induced, reason for induction, vaginal delivery or caesarean section, reason
for caesarean and mode of labor analgesia.

1. Fetal outcome data: Birth weight, APGAR scores, special care admissions,
stillbirth and neonatal deaths (less than one month after birth).

iii.  Maternal outcome data: placental abruption and ante-partum and post-partum
blood loss are categorized as major or minor as defined by standardized
criteria (206).

iv.  Reasons for withdrawal from the study will be explored and recorded.
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v.  Unscheduled Assessments: Subjects who contact the study coordinator or
investigator between study assessments to report symptoms of VTE will be
booked into a clinic for assessment and diagnostic tests as required.
Subsequent treatment will be at the discretion of the subject’s treating

physician. All suspected events will be recorded and adjudicated.

8.7 Management of Bias
A single arm study might be susceptible to selection bias if investigators select the patients

whom they will approach for the study. To protect against this, we will:

i.  Keep detailed screening logs and review which potential participants have not

been enrolled.
ii.  Educate physicians at the participating centers about the evidence supporting the
intervention and the need for clinical evidence.
iii.  Used clearly defined inclusion and exclusion criteria similar to the ones used in a
randomized controlled study.
Open-label studies are prone to ascertainment bias. In this study all the relevant clinical
outcomes endpoints (recurrent venous thromboembolism, major bleeding and stillbirth) are
‘hard’ outcomes, making ascertainment bias less likely. Ascertainment bias will also be
minimized using the following strategies:

1. Instructing all trial participants on the signs and symptoms ofsecondary outcomes
and safety events with explicit instruction to contact study staff should these
arise.

ii.  Anindependent Central Adjudication Committee will be assembled and will

blindly adjudicate all study outcomes according to pre-specified criteria.
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iii.  We will ensure that the committee membership includes experts in thrombosis
and obstetrical medicine.
Other expected sources of bias are:

A. Type of intervention or drug used during the first 30 days: The analysis of
recurrent VTE or bleeding will be conducted stratified by type of dosing (once a
day vs. twice a day), the type of LMWH used and by the use of anti-Xa
monitoring.

B. Time of exposure to the intervention: In our study it is expected that patients
could be exposed from 2 months up to 7 months; thosepatients who are treated
for a longer period of time are at a higher risk of adverse events. We will analyze
the results stratified by time of exposure

C. Withdrawal from the study remains a possibility that we cannot control in this
type of study.

Anotherlimitation in our study is the potential for changes to full dose or

management based on Anti-Xa levels. Although we cannot address these issues in

advance, we hope that if participating physician are motivated by the study question,

then this limitation will be minimal.

8.8 Data analysis
The primary outcome for the pilot study will be reported as an absolute number and

stratified by center. Proportions along with their associated 95% confidence intervals will
be reported for the following variables:
1. Number of eligible candidates enrolled

ii.  Number of patients lost to follow up
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iii.  Number of patients compliant with the intervention
The efficacy measures defined as the incidence of objectively confirmed new objectively
proven recurrent VTE (non-inferiority) and major bleeding (superiority) in the study
population will be reported along with the associated 95% confidence interval and analyzed
using an intention to treat approach. These two outcomes will also be analyzed using a
stratified approach, if possible, and according to the number of subjects enrolled by: initial
index event (DVT vs. PE); duration of treatment, initial treatment strategy and drug for
treatment. All other outcomes will also be reported as proportions with the associated 95%
confidence interval. All the statistical analysis will be conducted using SAS 9.2 for

Windows (Cary, NC).

8.9Feasibility
The VECTOR group (Venous Thrombosis Clinical Trials Organization) is a large

multicenter (Ottawa, London, Montreal, Halifax) collaborative research group in venous
thrombosis. This group has an excellent track record for completing VTE-related clinical

trials.

8.9.1 Recruitment rate
The pilot study to assess feasibility would be conducted in five Canadian centers for the

duration of one year (The Ottawa Hospital, Montreal Jewish General Hospital, the London
Health Sciences Center, the Queen Elizabeth II Centre in Halifax and Hamilton Health
Sciences).

The number of potential participants is expected to be 1- Ottawa: Based on an estimated
population of 880.000=15 cases; London and Halifax based on an estimated population of
366.000=6; Hamilton based on a population of 519.000=9 cases; and Montreal based on a
population on 3.316.000=55 cases.
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8.9.2 Recruitment strategies
Enrollment of all the potential participants is the main objective of the pilot study. Due to

the low potential rate of eligible patients, special efforts will be made to increase the
screening of potential candidates.

Recruitment of patients will be performed through the Thrombosis and Obstetrics units at
the participating centers. All the referred pregnant patients to the participating thrombosis
centers during the pilot study will be assessed for eligibility by one of the study nurse
coordinators.

Patients will be approached and assessed by the principal investigator afterbeing screened
and invited to participate in the study by one of the RN study coordinators. The study
coordinator will provide the patient with the information about the study aims, strategies,
and risks in order to obtain informed consent. Study coordinators will act as the primary
source of patient contact.

To increase our screening for eligible patients, all radiology requests for suspected DVT or
PE will include a questionnaire to be completed by the referring physician (including age,
gender, pregnancy status, Wells criteria and exclusion criteria). All positive studies will be
further assessed for eligibility and a log of all positive studies will be kept, and patients will
be contacted by the study research nurse via telephone to explain the study.

We will alsoconduct a campaign in maternal health units, family practices, general wards
and emergency departments of the participating centers to increase awareness of the study.
As discussed in the study intervention, no specific LMWH will be used during the dose
reduction phase and there will be no specific treatment strategy suggested for the initial 30
days of treatment. This approach will increase the participation rate by allowing physicians

to continue with their current practices. Finally, by not suggesting any specific drug,
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regulatory approval of drugs not used in the country of participation before the initiation of

the study is avoided.

8.11Safety
The key goal of all VTE treatments is to reduce the risk of recurrent VTE, while reducing

the risk of side effects from anticoagulant therapy, particularly major bleeding.

A data safety monitoring board consisting of three physicians (to be named) will review the
proportion of patients with recurrent thrombosis, bleeding and other events every 6 months
or consecutively every time recruitment reaches a pre specified sample size. Criteria for
stopping the trial will be determined by members of the data safety monitoring board
working in collaboration with the principal investigator.

Given our sample size calculations and that -A was set at 2.5%; more than 15 events must
occur to exceed the margin at the end of study. Given the small number of patients to be
recruited in the pilot study we have decided to stop the pilot study if at any point of the study
duration four or more patients experienced a confirmed recurrent VTE. The lower bound of
the 95% confidence interval would be higher than 5% which is considered the maximum
accepted rate of recurrent VTE in the non-pregnant population during the treatment for DVT
or PE.

Study participants will be followed for recurrent VTE until the completion of their
treatment; they will be carefully instructed on the signs and symptoms of VTE and
instructed to contact study personnel should these arise. They will be provided with a
reminder card outlining the signs and symptoms of DVT and PE, along with contact
numbers for research staff and the participating Thrombosis Clinics. With the participant’s

permission we will also teach at least one close friend or family member about these signs or
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symptoms and instruct them to contact us should they arise. The expected risk of other
major complications such as osteoporosis or heparin induced thrombocytopenia is low.
LMWHs do not cross the placental barrier, thereby making them safe for the fetus when
administered during pregnancy. A small study that specifically examined the teratogenicity
potential of LMWHs found no difference in the incidence of congenital malformations
between women receiving LMWH and those receiving low-dose aspirin (207) In our
systematic review the rate of miscarriage or stillbirth was 2% and the rate of fetal
malformation was <0.1% in those treated with LMWH vs. 5-7 and 2%, respectively, in the

general population.

8.11Anticipated results and conclusions
The results of our pilot trial will be used by the investigators to inform decisions about the

conduction of the full/definitive trial. Pilot data demonstrating feasibility will also be
reassuring to funding agencies before a commitment is made to fund an international
multicenter trial that will likely require up to 67 sites and over 760 participants. Several
factors dictate that a pilot is essential prior to initiating this trial: 1) the expense of the single
arm study dictate that an accurate estimate of recruitment rates and compliance rates is
essential prior to embarking on the main study. 1) Based on the findings of our systematic
review, more accurate estimates of event rates in patients receiving the intervention are
required to calculate a more precise estimate of sample size; 2) data concerning recruitment
for this study population are limited. Regardless of the results of the pilot trial, we will make
every effort to publish and present our data and conclusions about feasibility such that future

researchers might benefit from this work
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The results of the full trial have the potential to change the management of PAVTE, the

most common cause of maternal death.

8.12Study management
The trial will be coordinated from the Ottawa Hospital Research Institute’s (OHRI) Clinical

Epidemiology Unit, where the principal investigator is based. A Multicenter Trial
Coordinator will be recruited and trained. The Multicenter Trial Coordinator, supervised by
the principal investigator, will be responsible for overseeing the day to day conduct of the
study in the different centers.

Study nurses at each site will carry out patient screening, recruitment, case report form
completion, patient education, and initiation of study interventions (arranging lower
extremity ultrasonography or V/Q scan in case of suspected recurrent cases).

Data management will be overseen by the OHRI CEP-data management services and a study
statistician. The data management services group is responsible for database administration,
data entry, and data management, including quality assurance activities. The cleaned
database will be provided to the biostatistician for analysis, conducted under the supervision
of Dr. Gandara and the study statistician.

Our research team will be composed of experienced researchers and clinicians with
expertise in thrombosis and clinical research. Dr. Gandara is a clinical and research fellow at
the University of Ottawa and the Ottawa Hospital Research Institute and is an MSc in
Epidemiology candidate. Dr. Gandara will review the study progress regularly and, after
consultation with co-investigators, give final approval to any changes to study procedures.

Each co-investigator is responsible for conduct of the study at their respective sites.

121



A Steering Committee comprising all of the study’s co-investigators will manage the overall
conduct of the study and meet twice a year via teleconference. If funded, the steering
committee will meet by teleconference in the spring of 2012 and 2013 to ensure ongoing
enthusiasm for the study, review the conduct of the study, and analyze if the study is
feasible.

A Data Safety and Monitoring Board will be created. The Data Safety and Monitoring Board
will be independent and composed of 3 members: an expert in thrombosis medicine and
single arm studies (Chair), and two experts in thromboembolic diseases or pregnancy and
training in research methods. All members of the Data Safety and Monitoring Board will
remain at arms-length from the study. All recurrent objectively recurrent VTE or deaths will
be reported to and reviewed by the Data Safety and Monitoring Board. The Data Safety and
Monitoring Board will meet after every 50th participant is enrolled (or every six months;
twice during the pilot study) and will report to the principal investigator. Should safety
issues arise that the Data Safety and Monitoring Board feel compromise participant safety;
an extraordinary meeting will be conducted, and then of all the co-investigators will convene

to decide if the trial should be amended or terminated.
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9.0 Conclusions
Pregnancy associated venous thromboembolism is the most frequent cause of maternal death in

developed countries. The use of anticoagulant drugs is a highly effective way to prevent
recurrent VTE. Low molecular weight heparin has become the preferred agent for the
management of PAVTE given its better efficacy, safety and comfort for use in comparison to
other strategies. However, most of the evidence for supporting the use of LMWH during
pregnancy is based on observational trials and extrapolations from other populations. Compared
to the non-pregnant population where the use of an intermediate dose given once a day without
anti-Xa monitoring during secondary prevention is favored as it has been found to reduce the
incidence of major bleeding and facilitate patient management, the physiologic changes
occurring during pregnancy have lead experts to suggest the use of more aggressive strategies
for secondary prevention without supporting evidence.

Well-designed randomized controlled trials conducted in the non-pregnant population suggest
that the use of intermediate doses of LMWH for secondary prevention isas effective as more
aggressive strategies and evidence from observational trials in pregnant patients supports this
hypothesis.

In the hierarchy of study designs, randomized controlled trials provide the best quality of
information and are needed to evaluate the efficacy of interventions. Still, this approach cannot
be applied in all populations. Although, a randomized controlled trial evaluating different
treatment strategies for the secondary prevention of PAVTE is highly needed, it would require
large multicenter collaboration over many years and at very high costs. Barriers to conducting a
randomized controlled trialinclude: the low prevalence of the disease (1 to 2 cases per 1000
pregnancies), the proportion of outcomes during treatment (1.12%), the large sample size

needed to claim non-inferiority, the absence of previous placebo controlled trials to estimate the
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efficacy of full dose monitored LMWH twice a day, and difficulty in enrolling patients in
experimental studies, due to fear of harm to the mother or fetus. A hypothetical randomized
controlled trial would require a sample size of at least 4000 patients, and most of the
assumptions about the efficacy and safety of treatment would be based on low quality studies.
For these reasons there is a need to apply different study designs to provide guidance for
clinical management with the best possible quality of evidence. Given the small amount of
relevant clinical evidence and the need for preliminary evidence, a single arm non-randomized
trial was determined to be the most reasonable approach.

Non-controlled studies require a smaller sample sizebut their estimates are highly dependent on
the presence of confounders, bias and prior information. Any study aiming to enroll pregnant
patients would face similar limitations regarding sample size needed to accurately estimate
efficacy. The use of a single arm study to assess the safety and effectiveness of an intermediate
dose of LMWH for secondary prevention of PAVTE was deemed an appropriate strategy to
reduce sample size, while providing clinically relevant results and the foundations for future
studies given the quality of the available evidence..

The thesis aimed to evaluate the feasibility for conducting a single arm study using intermediate
doses of LMWH for secondary prevention of pregnancy associated VTE. From a
methodological perspective there was no prior randomized placebo or active controlled study
from which the -Aor the baseline rate of recurrent VTE during secondary prevention with full
doses of LMWH could be calculated. To improve the assumptions required for formulating the
hypothesis for the study a systematic review aiming to calculate the baseline rate of recurrent
VTE in patients treated with full doses of LMWH for secondary prevention was conducted
alongside a survey to elicit the -A, evaluate current clinical practices and determine clinical

equipoise.
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Twenty eight relevant studies (including 1122 patients) using at least nine different strategies
for secondary preventionof PAVTE were included in the systematic review, none of which was
a randomized controlled study. Full doses of LMWH or UFH for the secondary prevention
share a similar efficacy profile for the reduction of recurrent VTE pooled proportion 0.012
(95% CI=0.006 to 0.02) and 0.017 (95%CI= 0.001 to 0.05) respectively, and a similar bleeding
risk profile pooled proportion 0.023 (95% CI=0.01 to 0.041) and 0.038(95%CI= 0.002 to 0.11)
respectively. The use of intermediate doses for secondary prevention was associated with a
pooled proportion of 0.011 (95% CI=0.0011 to 0.029), not different to the pooled proportion of
patients treated with full doses.

The use of a survey to elicit the -A has not been reported in the literature. The main advantage
of this approach is that it provides the researcher with the perspective of the future users of the
intervention. Under the assumption that an intermediate dose of LMWH would lead to a
reduction in bleeding and would be more comfortable for the patient, physicians accepted an
absolute increase in the rate of recurrent VTE to claim non-inferiority of 1.2% over a baseline
absolute risk identified in the systematic review of 1.15%, corresponding to an OR of 2.1.
Interestingly, with this approach physicians accepted a similar loss in efficacy to the one
calculated by statistical methods in non-inferiority randomizedtrials conducted in the non-
pregnant population.

The survey revealed that there was clinical equipoise among physicians to conduct a study
evaluating the safety and efficacy of an intermediate dose of LMWH for secondary prevention
pregnancy associated VTE. Although the standard of care for secondary prevention of PAVTE
in the survey was the use of full dose LMWH, an intermediate dose was used by almost a
quarter of the physicians. The survey also showed how a paucity of good clinical evidence

translates into a wide variation in practice regarding dosing and anti-Xa monitoring.
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With the results of the systematic review and the survey, a single arm study evaluating the
safety and efficacy of an intermediate dose of LMWH for the secondary prevention of PAVTE
is proposed. The efficacy hypothesis of the study is that the rate of recurrent VTE in patients
treated with intermediate doses of LMWH would not exceed 2.5%. The safety hypothesis is
that an intermediate dose would lead to 60% relative reduction in major bleeding, or the
absolute rate of major bleeding would be lower than 1%. If bothhypotheses are met, then it
could be assumed that an intermediate of LMWH for the secondary prevention of PAVTE
(given once a day and without monitoring) is non-inferior to full dose strategies, leads to a
reduction in major bleeding, would reduce cost of care, and be more comfortable for the
patient. The sample size needed for the study was set at 756with a power of 80 and one sided
test with an alpha of 0.05 for the efficacy hypothesis.

To avoid wasting highly needed resources and expected enrollment limitations,a pilot study
aiming to assess the feasibility of enrollment, defined as 15 participants during a 12 month
period across five Canadian centers,is proposed prior to embarking on a large single arm study.
In conclusion, in light of the small amount of relevant clinical data to guide the management of
PAVTE, there is a need for supporting evidence and a single arm study may be reasonable to

provide practicing physicians that necessary information.
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Appendix 3 Publication bias analysis

Analysis 1 Recurrent VTE in patients treated with full dose LMWH

Proportion meta-analysis plot [random effects]

Ellison 0.0000 (0.0000, 0.3363)
Fionnuala 0.0000 (0.0000, 0.1323)
Jacobsen 0.0000 (0.0000, 0.1684)
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Knight -.— 0.0229 (0.0047, 0.0655)
Andersen 0.0000 (0.0000, 0.4593)
O'Connor 0.0000 (0.0000, 0.1482)

Rey 0.0000 (0.0000, 0.5218)
combined \—> 0.0124 (0.0061, 0.0209)
0.0 ST 0.|2 ST 0.I 4 T 0.|6 T 0.|8

proportion (95% confidence interval)

Bias indicators
Egger: bias = 0.05221 (95% CI =-0.376698 to 0.481118) P =0.7953
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Analysis 2Acute treatment failure with LMWH

Proportion meta-analysis plot [random effects]
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Analysis 3 Major bleeding using a full dose LMWH strategy
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Analysis 4Major ante-partum bleeding using full dose LMWH
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Analysis 5Major post-partum bleeding with full dose LMWH

Proportion meta-analysis plot [random effects]
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Analysis 6 Incidence of HIT in patients treated with LMWH

Proportion meta-analysis plot [random effects]
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Analysis 7 Heparin induced osteoporosis in patients treated with LMWH

Proportion meta-analysis plot [random effects]
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Analysis 8 Miscarriage or stillbirth during treatment with LMWH

Proportion meta-analysis plot [random effects]
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Analysis 9 Incidence of fetal malformation in patients treated withLMWH
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Analysis 10 Recurrent VTE in patients treated with full dose LMWH in retrospective studies

Proportion meta-analysis plot [random effects]
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Appendix 2 Survey instrument

Treatment of pregnancy related VTE

1.

Dear Dr,
You are being asked to participate in a survey designed 1o elicit preferences for the therapeutic management of pregnancy associated venous

thromboembolism. We also seek to determine the non inferiority margin for a study evaluating a quarter dose reduction in the dose of low
molecular weight heparin used after 30 days of full dose treatment in pregnant patients diagnosed with venous thromboembolism

Completing this survey will take you less than 10 minutes. By completing this survey, consent is implied

AT THE END OF THE SURVEY, YOU WILL BE OFFERED TO PARTICIPATE IN A RAFFLE FOR FOUR 50 DOLLARS GIFT CARDS FOR AMAZON

Participating in this study is completely voluntary and anonymous (NO PERSONAL DATA WILL BE COLLECTED). You may choose not to
participate.

This survey is not sponsored by any pharmaceutical company and is conducted in the context of a thesis project

All data provided will remain anonymous and the survey has been approved by the Ottawa Hospital Research Ethics Board. The Ottawa Hospital
Research Ethics Board and the Ottawa Hospital Research Institute may review your relevant study records for audit purposes. The study records will
be kept for 15 years after termination of the study and then destroyed.

If you have any questions about this study, you may contact Dr. Esteban Gandara at egandara@obhri.ca. If you have any questions about your rights
as a research participant, you may contact the Chairman of the Ottawa Hospital Research Ethics Board at 613-798-5555 ext. 14902

Thanks in advance for your collaboration,

Dr Esteban Gandara and Dr Marc Rodger
Thrombosis Program, Department of Medicine
University of Ottawa

Ottawa Hospital Research Institute
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Treatment of pregnancy related VTE

*1.0n average do you manage one or more cases of pregnancy associated venous
thromboembolism per year ?
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Treatment of pregnancy related VTE

3.

* 2. The average rate of recurrent VTE in pregnant patients during pregnancy and the
post-partum period treated with monitored split q12 h full dose LMWH (given twice a day
and monitored with Anti-Xa levels) appears to be approximately 1.15% (Greer et al. Blood
2005). The rate of significant bleeding during the antepartum period appears to be 0.6%,
and 1.1% during the postpartum period (Greer et al. Blood 2005).

After the initial 30 days of treatment, some experts recommend reducing the dose to 75%
without monitoring and administering the drug once a day. The efficacy and safety of this
practice in the context of preghancy awaits confirmation.

Assuming that a 4 dose reduction strategy LEADS TO A POTENTIAL REDUCTION IN
SIGNIFICANT BLEEDING, is given once a day and needs no monitoring, what is the
maximum potential increase in the absolute rate of recurrence during pregnancy and the
post-partum period that you would accept to consider the " dose reduction strategy non-
inferior to ongoing monitored twice daily full-dose treatment?

In the box below please provide the increase in absolute rate of recurrent VTE that is
acceptable (suggested range 0 to 10%):
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Treatment of pregnancy related VTE

4.

* 3, The average rate of recurrent VTE in pregnant patients during pregnancy and the
post-partum period treated with monitored split q12 h full dose LMWH (given twice a day
and monitored with Anti-Xa levels) appears to be approximately 1.15% (Greer et al. Blood
2005). The rate of significant bleeding during the antepartum period appears to be 0.6%,
and 1.1% during the postpartum period (Greer et al. Blood 2005).

After the initial 30 days of treatment, some experts recommend reducing the dose to 75%
without monitoring and administering the drug once a day. The efficacy and safety of this
practice in the context of pregnancy awaits confirmation.

Assuming that a ' dose reduction strategy LEADS TO A POTENTIAL REDUCTION IN
SIGNIFICANT BLEEDING, is given once a day and needs no monitoring, what is the
maximum potential increase in the absolute rate of recurrence during pregnancy and the
post-partum period that you would accept to consider the ' dose reduction strategy non-
inferior to ongoing monitored twice daily full-dose treatment?
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Treatment of pregnancy related VTE

5.

* 4. Please assume that a 'z dose reduction strategy DOES NOT REDUCE SIGNIFICANT
BLEEDING, is given once a day and needs no monitoring, what is the maximum potential
increase in the absolute rate of recurrence during pregnancy and the post-partum period
that you would accept to consider the 4 dose reduction strategy non-inferior to ongoing
monitored twice daily full-dose treatment?

Please check one of the following:

O 10% In other words an increase in absolute rate of recurrent VTE during pregnancy and the post-partum period of 10% (i.e. an increase
from 1.15% with full dose to 11.15% with dose reduction is acceptable). The number needed to harm with %z dose reduction is 10 i.e. you
would need to treat 10 patients with % dose reduction to increase by one the number of recurrent YTE compared to full dose treatment
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Treatment of pregnancy related VTE

6.

*5, Now, assuming that a Va dose reduction strategy DOES NOT REDUCE SIGNIFICANT
BLEEDING AND NEEDS ANTI-Xa MONITORING, but is given once a day, what is the
maximum potential increase in the absolute rate of recurrence during pregnancy and the
post-partum period that you would accept to consider the "2 dose reduction strategy non-
inferior to ongoing monitored twice daily full-dose treatment?

Please check one of the following:

O 10% In other words an increase In absolute rate of recurrent VTE during pregnancy and the post-partum period of 10% (i.e. an increase
from 1.15% with full dose to 11.15% with dose reduction is acceptable). The number needed to harm with % dose reduction is 10 i.e. you
would need to treat 10 patients with ¥z dose reduction to increase by one the number of recurrent VTE compared to full dose treatment
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Treatment of pregnancy related VTE

7.

* 6. Finally, assume the % dose reduction strategy DOES NOT HAVE ANY BENEFITS
(does not reduce significant bleeding, needs monitoring and is given twice a day), what is
the maximum potential increase in the absolute rate of recurrence during pregnancy and
the post-partum period that you would accept to consider the "2 dose reduction strategy
non-inferior to ongoing monitored twice daily full-dose treatment?

Please check one of the following:

O 10%In other words an increase in absolute rate of recurrent VTE during pregnancy and the post-partum period of 10% (i.e. an increase
from 1.15% with full dose to 11.15% with dose reduction is acceptable). The number needed to harm with 2 dose reduction is 10 i.e. you
would need to treat 10 patients with % dose reduction to increase by one the number of recurrent VTE compared to full dose treatment
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Treatment of pregnancy related VTE

8. Treatment preferences

*7. In pregnant patients diagnosed with DVT, during the first and second trimester, your
initial option for acute treatment (0 to 30 days) is:

O Unfractionated hepann IV

O Unfractionated heparin SC twice a day

O Low malecular weight heparin full dose split twice a day

O Low molecular weight heparin full dose SC once a day

O Vena cava filter and; either Low molecular weight heparin or Unfractionated heparin

O Other

Other (please specify)
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Treatment of pregnancy related VTE

* 8. After the initial acute treatment phase (7 to 30 days) for DVT, and still during the first or
second trimester, you continue therapy with:

O Unfractionated heparin SC, full dose twice a day, monitored
O Low malecular weight heparin SC, full dose twice a day
O Low malecular weight heparin SC, full dose once a day
O Low malecular weight heparin SC, 75% dose twice a day
O Low maolecular weight heparin SC, 75% dose once a day

O Other

Other (please specify)
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Treatment of pregnancy related VTE

10.

*9, In pregnant patients diagnosed with hemodynamically stable PE, during the first or
second trimester, your initial option for acute treatment (0 to 30 days) is:

O Unfractionated heparin IV

O Unfractionated heparin SC twice a day

O Low molecular weight heparin full dose SC split twice a day

O Low molecular weight heparin full dose SC once a day

O ‘ena cava filter and; either Low molecular weight hepann or Unfractionated heparin

O Other

Other (please specify)
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Treatment of pregnancy related VTE

11.

*10. After the initial acute treatment phase (7 to 30 days) for PE, still during the first or
second trimester, you continue therapy with:

O Unfractionated heparin SC, full dose twice a day, monitored
O Low molecular weight heparin SC, full dose twice a day
O Low molecular weight heparin SC, full dose once a day
O Low molecular weight heparin SC, 75% dose twice a day
O Low molecular weight heparin SC, 75% dose once a day

O Other

Other (please specify)
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Treatment of pregnancy related VIE

12.

* 11. In pregnant patients diagnosed with venous thromboembolism during the first and
second trimester, how do you manage the peri-partum period (provided that is a planned
delivery induction or cesarean section)?

O IVC filter, and low molecular weight heparin split full dose to be stopped 12 hours before delivery and restarted 12 hours after delivery
O IVC filter, and SC unfractioned heparin twice daily to be stopped 12 hours before delivery and restarted 12 hours after delivery

O IVC filter, and |V unfractioned heparin to be stopped 3 hours before delivery and restarted 6 hours after delivery

O NO IVC filter, and low molecular weight heparin split full dose to be stopped 12 hours before delivery and restarted 12 hours after delivery
O NO IVC filter, and SC unfractioned heparin twice daily to be stopped 12 hours before delivery and restarted 12 hours after delivery

O NO IVC filter, and IV unfractioned heparin to be stopped 3 hours before delivery and restarted 6 hours after delivery

O Other

Other (please specify)
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Treatment of pregnancy related VTE

13.

* 42, In patients diagnosed with PE or DVT, within four weeks (BUT NOT TWO WEEKS) of
the expected due date(provided that is a planned delivery induction or cesarean section),
your treatment strategy is:

O IVC filter, and low molecular weight heparin split full dose to be stopped 12 hours before delivery and restarted 12 hours after delivery
O IVC filter, and SC unfractioned heparin twice daily to be stopped 12 hours before delivery and restarted 12 hours after delivery

O IVC filter, and IV unfractioned heparin to be stopped 3 hours before delivery and restarted & hours after delivery

O NO IVC filter, and low molecular weight heparin split full dose to be stopped 12 hours before delivery and restarted 12 hours after delivery
O NO IVC filter, and SC unfractioned heparin twice daily to be stopped 12 hours before delivery and restarted 12 hours after delivery

O NO IVC filter, and IV unfractioned heparin to be stopped 3 hours before delivery and restarted 6 hours after delivery

O Other

Other (please specify)
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Treatment of pregnancy related VTE

14.

*13. In patients diagnosed with PE or DVT, within two weeks of the expected due date,
your treatment strategy is:

IVC filter, and low molecular weight heparin split full dose to be stopped 12 hours before delivery and restarted 12 hours after delivery
IVC filter, and SC unfractioned heparin twice daily to be stopped 12 hours before delivery and restarted 12 hours after delivery

IVC filter, and IV unfractioned heparin to be stopped 3 hours before delivery and restarted 6 hours after delivery

NO IVC filter, and low molecular weight heparin split full dose to be stopped 12 hours before delivery and restarted 12 hours after delivery
NO IVC filter, and SC unfractioned heparin twice daily to be stopped 12 hours before delivery and restarted 12 hours after delivery

NO IVC filter, and IV unfractioned heparin to be stopped 3 hours before delivery and restarted 6 hours after delivery

Other

OO0O0000O

Other (please specify)
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Treatment of pregnancy related VTE

15.

*14.1In pregnant patients treated with low molecular weight heparin for venous

thromboembolism, DURING the acute initial period (0 to 30 days) do you monitor Anti-Xa
levels?

O Yes, weekly in all patients
O Yes, once during the first month
O Yes, weekly but only in special groups

O Yes, once during the first month but only in special groups

O No, never
O Other

Other (please specify)
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Treatment of pregnancy related VTE

16.

*15. In pregnant patients treated with low molecular weight heparin for venous

thromboembolism, AFTER the acute initial period (0 to 30 days) and for the duration of
pregnancy, do you monitor Anti-Xa levels?

O Yes, weekly in all patients
O Yes, monthly in all patients
O Yes, weekly in special groups

O Yes, monthly in special groups

O No, never
O Other

Other (please specify)
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Treatment of pregnancy related VTE

17. Demographics

*16. Your medical specialty is:

O Hematology

O Internal Medicine

O Obstetrics

O Cardiology or cardiovascular medicine
O Respirology

O Other

17. How many years have you practiced medicine?

O Less than five
O Five to ten
O Ten to fifteen
O Fifteen or more

*18. Do you have any formal training in research methods?

O ves
O v
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18. Study Feasabilty

*19. Experts recommend the use of a 3/4 treatment dose (likely without monitoring) after

3 to 4 weeks of full treatment in pregnant patients with VTE, but call for more clinical
evidence.

Do you agree that a well design study is needed?
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