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Executive summary

In September 2011, the Australian Government announced a review of options for improving
the health outcomes of people treated for atrial fibrillation (AF) with anticoagulation therapies
— the Review of Anticoagulation Therapies in Atrial Fibrillation (the Review).

AF is a common form of irregular heart beat (cardiac arrhythmia). It has been estimated that, in
Australia, between approximately 240,000 and 400,000 people have this condition. AF increases
the risk of ischaemic stroke by around five-fold; strokes in patients with AF are more severe
than other types of ischaemic stroke, and result in greater morbidity and mortality. Therefore, an
important aspect of the management of AF is the management of stroke risk. For many years,
this has been achieved predominantly by prophylactic anticoagulant therapy with warfarin.
Although this therapy is effective and cost-effective, there are some drawbacks (including the
need for monitoring and the increased risk of bleeding). However, recently, new oral
anticoagulants have been developed.

The purpose of the Review is to inform the government of options for optimising the use of
currently available treatments in Australia (i.e. warfarin), as well as options for the future use of
newer therapies.

The announcement of the Review followed a Pharmaceutical Benefits Advisory Committee
(PBAC) recommendation in 2011 that a new oral anticoagulant, dabigatran, was suitable for
inclusion on the Pharmaceutical Benefits Scheme for the prevention of stroke or embolism in
certain groups of people with AF. However, in making their recommendation, PBAC noted a
number of cost implications and other clinical issues in relation to the use of dabigatran. These
issues prompted the Review.

From December 2011 to February 2012, the Australian Government Department of Health and
Ageing invited interested parties and individuals to provide written submissions to the Review,
and received 64 submissions.

Many of the submissions identified that the current anticoagulation therapy for AF, warfarin, is
highly effective at preventing strokes. A number of the submissions identified the increasing
prevalence of AF in Australia. They also highlighted that a large number of people are not
currently being diagnosed or treated with anticoagulant therapy, even though warfarin has been
shown to be highly effective.

The inconvenience of regular monitoring with warfarin was identified as an issue. Options to
address this included government subsidisation of point-of-care testing in anticoagulation
clinics, general practice surgeries, residential aged-care facilities and/or pharmacies, particularly
in rural areas. Some submissions also suggested subsidising other agents that do not require
regular blood monitoring.

Underuse of warfarin was also raised as a major issue. Options to address this included the
development of national guidelines, improved patient and prescriber education of the relative
risks and benefits of warfarin therapy prescriber incentives and consumer support programs,
including targeting pharmacist home medicines reviews to patients receiving warfarin.

Other issues identified with warfarin were the reported medicine and food interactions, the intra-
and intersubject variability of patient response, the reluctance or refusal of patients to take
warfarin and the number of patients with contraindications to warfarin.
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Another issue raised in submissions was the incidence of bleeding within the brain (intracranial
haemorrhage) and the trial evidence supporting a reduction in intracranial haemorrhage with the
new oral anticoagulants. Intracranial haemorrhage was seen as a “catastrophic’ side effect.

Submissions identified a number of issues with the new oral anticoagulants, mainly focusing on
safety. For example, many submissions raised concerns about the adverse event profiles of the
new anticoagulants in the long term and in the clinical (nontrial) patient population, which may
be different to those patients selected for clinical trials. The use of dabigatran in patients with
reduced kidney function and the lack of antidote for bleeding with dabigatran were also raised in
many submissions. Options identified by submitters to address these concerns included
improved postmarket surveillance and a cautious approach to the introduction of new agents.

This Issues and Options Paper is not a technical paper, and does not contain any
recommendations. Its purpose is to collate the issues that were identified in the submissions and
the options that were proposed to address these issues. To assist readers prepare a response to
these issues and options, this paper also provides a series of focus questions. Responses to the
focus questions will inform the development of recommendations for the final report of the
review.

Review of Anticoagulation Therapies in Atrial Fibrillation



PART 1
Background






About the review

11

1.2

*

Review of Anticoagulation Therapies in Atrial Fibrillation

On 30 September 2011, the Australian Government announced that it would commission
Emeritus Professor Lloyd Sansom AQO, the former chair of the Pharmaceutical Benefits
Advisory Committee (PBAC), to inform the government on options for improving the health
outcomes of people treated for atrial fibrillation (AF) with anticoagulation therapies. The
purpose of the Review of Anticoagulation Therapies in Atrial Fibrillation (the Review) is to
inform the government of options for optimising the use of currently available treatments in
Australia (i.e. warfarin) as well as options for the future use of newer therapies, such as
dabigatran (Pradaxa®), in the treatment of AF. Further details are on the Review website.”

1.1.2 Terms of reference for the Review
The terms of reference for the Review are:
a.  Toreport on current and future options for improving the health outcomes of patients with

AF treated with oral anticoagulants.

b.  Toreport on modes of health system delivery that may be used to optimise the use of
currently available anticoagulants.

c.  Toreport to what extent optimisation of the use of currently available anticoagulant
treatments used in patients with AF would improve health outcomes and at what cost.

d.  Toexamine the future role of newer anticoagulant therapies for AF.

e.  Toreport on any other matter relevant to items a—d above and on any other matters
referred to it by the minister.

PBAC consideration of dabigatran

In March 2011, PBAC recommended that a new oral anticoagulant, dabigatran, was suitable for
inclusion on the Pharmaceutical Benefits Scheme (PBS) for the prevention of stroke or
embolism in certain groups of people with AF. However, in making their recommendation,
PBAC noted that:

» dabigatran represented a cost-effective therapy and its use could lead to reductions in
morbidity

» the opportunity cost to the Australian Government of listing dabigatran would be significant

» dabigatran derived its advantages when compared to warfarin when warfarin is used
suboptimally

» anumber of people who are reluctant to take warfarin because of stringent monitoring
requirements and interactions with other medicines and foods — but who should be taking
oral anticoagulation — would now be treated with dabigatran, which would likely lead to
additional benefits and costs not measured in the trial

* low-risk people currently managed on aspirin or no treatment may be unnecessarily
transferred to dabigatran.

http://www.pbs.gov.au/info/publication/factsheets/shared/anticoagulation-review
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1.3

1.4

1.5

Comprehensive details of PBAC’s recommendation in relation to dabigatran can be found in the
public summary document on the Australian Government Department of Health and Ageing
website.

Stakeholder submissions

The Australian Government Department of Health and Ageing invited interested parties and
individuals to provide written submissions to the Review. The submission period was between
22 December 2011 and 23 February 2012. At this time, the only new oral anticoagulant that had
been considered by PBAC was dabigatran. The department received 64 submissions.

A variety of views were put forward in the submissions by a range of stakeholder groups, and
there was some consistency in issues and options identified by particular stakeholder groups:

» 15 submissions were from consumers, all of whom were taking dabigatran

» 20 submissions were from health care professionals, with many of these supportive of listing
dabigatran on the PBS, primarily due to the inconvenience of regular warfarin monitoring

e 22 submissions were from organisations (such as the Consumers’ Health Forum, the
National Stroke Foundation, the Royal Australian College of General Practitioners and the
Pharmaceutical Society of Australia), the majority of which supported cautious uptake of
dabigatran

» 7 submissions were from commercial organisations: 3 submissions from sponsors of new
anticoagulants, 1 from the sponsor of warfarin, 2 from manufacturers of point-of-care
(portable) warfarin monitors and 1 from a data company.

Reference group

A reference group has been established to assist in the consideration of matters arising during
the review, including in the provision of comments and advice on this Issues and Options Paper
and the final report. The reference group consists of experts in the fields of cardiology,
haematology, geriatrics, general practice, pharmacy practice, and a nominee from each of
Consumers Health Forum and the National Stroke Foundation.

Structure of this paper

This Issues and Options Paper has three parts:

» Part 1: Background
This part includes background information about the review (this Section 1) and an
overview of the clinical issues associated with the management of AF, including the risk of
stroke (Section 2).

» Part 2: Current anticoagulant therapies
This part includes general information about warfarin (Section 3), and a discussion of issues
and options for the use of warfarin anticoagulation therapy in AF (Section 4).

» Part 3: New oral anticoagulants
This part includes general information about new oral anticoagulants (NOACSs; Section 5),
and a discussion of issues and options for the use of NOAC therapy in AF (Section 6).

This is not a technical paper and does not contain any recommendations. Rather, its purpose is to
collate the issues that were identified in submissions, and the options that were proposed in
submissions to address these issues. The paper also provides a series of focus questions that are

http://www.health.gov.au/internet/main/publishing.nsf/Content/pbac-psd-dabigatran-march11
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prompts for the reader to consider whether the relevant issues have been identified, and to
consider the options outlined in the context of their applicability to the Australian health system,
as well as their cost and cost-effectiveness. Responses to the focus questions will inform the
development of recommendations for the final report of the Review.

The paper also cross-references the relevant articles that have been identified as part of
supporting literature reviews.

Issues and Options Paper, June 2012 5



About atrial fibrillation and stroke

2.1

2.2

2.3

Atrial fibrillation

AF is a common form of irregular heart beat (cardiac arrhythmia). Approximately 90% of AF
patients are considered to have nonvalvular AF with varying risk of strokes." It is noted that the
new oral anticoagulants (NOACS) are registered for stroke reductions in patients with
nonvalvular AF. People with nonvalvular AF generally present with palpitations, dyspnoea,
chest pain, presyncope and syncope (fainting), although approximately 10-30% have no
symptoms.? It has also been estimated that around 10-30% of AF cases are undiagnosed.®*

AF increases the risk of stroke by about five-fold.” It has been estimated that AF is implicated in
15-25% of all ischaemic strokes and in as many as 35% of strokes in patients over the age of
80.° Other factors have also been identified that further increase the risk of stroke (discussed
later).

Strokes in patients with AF are more severe than other types of ischaemic stroke, and result in
greater morbidity and mortality.®”

Stroke

Stroke is a collection of diseases:

» small vessel disease, which is probably best prevented by blood pressure lowering and
smoking cessation

» large vessel disease, which is best prevented by cholesterol and blood pressure lowering,
smoking cessation and antiplatelet therapy

» cardioembolic stroke, which is best prevented by anticoagulation therapy

» other determined conditions, which are best prevented by treating the index condition
(such as vasculitis, syphilis or thrombophilia)

» haemorrhagic stroke, which is best prevented by intensively lowering blood pressure and
smoking cessation.

The two types of stroke relevant to this review are cardioembolic stroke and haemorrhagic
stroke. The latter can be caused by anticoagulants.

Prevalence of atrial fibrillation

The prevalence of AF is estimated to be between 1% and 2%, and the number of people with
stroke has been predicted to grow significantly as the population ages;* 8*° this was identified in
a number of submissions.®* ' It is estimated that 1 in 20 people over the age of 65 have
nonvalvular AF, and this proportion increases to 1 in 10 for people over the age of 75.> The
median age of patients with nonvalvular AF is 75 years and 84% of patients with nonvalvular
AF are over 65years old.*® Estimates of the prevalence of nonvalvular AF in particular age

groups are shown in Table 2.1.
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Table 2.1  Prevalence of nonvalvular atrial fibrillation (AF) by age group (including patients who are
diagnosed and undiagnosed)

Age group Prevalence (%) of nonvalvular AF Estimate of total number of people in
(years) (diagnosed and undiagnosed )14 Australia with nonvalvular AF (at June

2010, includes undiagnosed)
50-59 1.3 36,353
60-69 3.8 80,638
70-79 9.8 123,682
80 and over 13.3 111,392

Source:  Adapted from: Deloitte Access Economics Report, Off Beat: The Case for 215t Century Stroke Prevention.14
Total number of people with AF in age group was calculated using Australian Bureau of Statistics data series A3201
(release of June 2010).

It has been estimated that, in Australia, between approximately 240,000 and 400,000 people
have AF.* In the United States, it has been projected that there will be a 50% increase in the
incidence of AF between 2012 and 2030." Based on these data, it could be projected that there
will be 750,000 people in Australia with AF by 2030, with a growing impact on health care
services and costs.

2.4 Management of atrial fibrillation

Comprehensive management of AF requires early identification and treatment of predisposing
factors and concomitant disorders (such as hypertension and hypercholesterolaemia), which also
increase a patient’s risk of stroke and other cardiovascular conditions.*® Thus, the use of
‘upstream therapies’ (antihypertensives including angiotensin converting enzyme inhibitors and
angiotensin-receptor antagonists, and cholesterol-lowering therapies such as statins) may be
appropriate.'® Hypertension is the most common causal risk factor for AF.

In addition, overall management of AF may involve consideration of three components,
depending on the subtype of a patient’s AF and/or the severity of their AF-related symptoms:

» controlling the heart rate

» controlling the heart rhythm

«  stroke prevention.'®

Although stroke prevention is the subject of this review, the management of heart rhythm and/or

rate are also important considerations, and these can be controlled with medications,
cardioversion or ablation.

A management cascade for patients with AF is shown in Figure 2.1.
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Figure 2.1  Management cascade for patients with atrial fibrillation

2.5 Stroke risk stratification
The magnitude of the increase in stroke risk in patients with AF depends on the presence of
other risk factors. Approximately 90% of AF patients have at least one or more additional risk
factors for stroke.'” These additional risk factors can be used to stratify patients into categories
of stroke risk, using risk scales such as the CHADS; score. The risk factors used to calculate this
score are shown in Table 2.2.'® The higher a patient’s CHADS,; score, then the greater their risk
of stroke is, as shown in Table 2.3.
Table 2.2  Calculation of CHADS; score
Risk factor Score
Cardiac failure 1
Hypertension 1
Age of 75 years or over 1
Diabetes mellitus 1
Prior stroke or transient ischaemic attack (TIA) 2
Maximum 6
Source:  Adapted from Gage et al (2001)8
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Table 2.3 Stroke risk as a function of CHADS; score

CHADS; score Adjusted stroke rate (% per year without Stroke risk
antithrombotic treatment)2

0 1.9 Low
1 2.8 Moderate
2 4.0 High
3 5.9 High
4 8.5 High
5 125 High
6 18.2 High

a The European Society of Cardiology explained the adjusted stroke rate as being ‘derived from the multivariable analysis
assuming no aspirin usage; these stroke rates are based on data from a cohort of hospitalised AF patients, published in 2001,
with low numbers in those with a CHADS: score of 5 and 6 to allow an accurate judgment of the risk in these patients. Given
that stroke rates are declining overall, actual stroke rates in contemporary non-hospitalized cohorts may also vary
from these estimates’.
Source:  Adapted from Gage et al (2001)28, Lip et al (2010)1® and the Task Force for the Management of Atrial

Fibrillation of the European Society of Cardiology (2010)2

A more recent classification, the CHA,DS,~VVASc score, incorporates the additional risk factors
of vascular disease, age between 65 and 74 years and sex (female), which enables greater
stratification at lower levels of risk.?! This scale is outlined in Table 2.4 and the associated
stroke risk is presented in Table 2.5.

Table 2.4  Calculation of CHA,DS,-VASc score

Risk factor Score
Cardiac failure

Hypertension

Age of 75 years or over

Diabetes mellitus

Prior stroke or transient ischaemic attack (TIA)
Vascular disease

Age 65-74 years

Female

Maximum
Source:  Adapted from Lip et al (2010)2

[E=N

OlR, P PN RPN

Table 2.5  Stroke risk as a function of CHA,DS,-VASc score

CHA27:DS>-VASc score Adjusted stroke rate (% per year Stroke risk
without antithrombotic treatment)a

0 0.0 Low
1 1.3 Moderate
2 2.2 High
3 3.2 High
4 4.0 High
5 6.7 High
6 9.8 High
7 9.6 High
8 6.7 High
9 15.2 High

a These are the theoretical thromboembolic event rates without therapy, assuming that warfarin

provides a 64% reduction in thromboembolic event risk.

Source:  Adapted from Lip et al (2010)%° and the Task Force for the Management of Atrial
Fibrillation of the European Society of Cardiology (2010)2
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2.6

These risk stratifications can assist in the determination of which patients to target for
anticoagulation therapy balanced against the risk of bleeding with all anticoagulation therapies.
For example, of the three major international AF management guidelines identified by Wasmer
et al,?? all recommend that patients with low stroke risk (i.e. CHADS; = 0 or CHA;DS,—
VASc = 0) receive either no therapy or aspirin. Anticoagulation therapy is reserved for patients
at higher risk (i.e. CHADS;, or CHA;DS,—VVASc of 1 or more). Table 2.6 compares the
recommendations of the three major international guidelines for patients at different risks of
stroke.

Table26  Comparison of recommendations for stroke prophylaxis across three international

guidelines
Score American College of Cardiology ~ Canadian European Society of Cardiology?
Foundation, American Heart Cardiovascular
Association and Heart Rhythm Society?
Society?
CHADS: Aspirin Aspirin or none (no Evaluate further with CHA2DS.-
score =0 prophylaxis may be VASC score; none or aspirin
appropriate in selected
young patients with no
stroke risk factors)
CHADS: Aspirin or warfarin/dabigatran Dabigatran/warfarin or Evaluate further with CHA2DS.-
score =1 aspirin (with dabigatran VASc score
preferred in most
patients)
CHADS: Warfarin or dabigatran Dabigatran or warfarin Anticoagulation
score =2 (with dabigatran preferred
in most patients)
CHA2DS>-  Not used Not used 0=none
VASc score 1 = anticoagulation or none

>1 = anticoagulation

Source:  Wasmer and Eckardt (2011)2

The CHA,DS,-VVASc score will identify a greater proportion of the population who are at risk of
stroke and for whom anticoagulation therapy would be recommended.”®

Bleeding risk stratification

With any anticoagulation therapy, there is a balance between the risk of stroke and the risk of
bleeding. Management approaches to stroke prevention in patients with AF should take account
of not only a patient’s stroke risk (e.g. through CHADS; and CHA,DS,-VASc), but also their
bleeding risk.?*’

One algorithm for calculating bleeding risk is the HAS-BLED score, which is shown in
Table 2.7.%% A HAS-BLED score of 3 or more indicates a high risk of bleeding.

10
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Table 2.7 Clinical characteristics comprising the HAS-BLED score

Risk factor Score
Hypertension 1
Abnormal renal and liver function (1 point each) lor2
Stroke 1
Bleeding 1
Labile INRs 1
Elderly (e.g. >65 years) 1
Medicines or alcohol (1 point each) lor2
Maximum 9 points

INR = international normalised ratio
Source: Adapted from Pisters et al (2010)3

It has been stated that ‘the formal assessment of bleeding risk allows informed decision making
and makes clinicians think about the correctable risk factors for bleeding (for example
concomitant aspirin use or poorly controlled hypertension) that can be modified to reduce
bleeding risk’.*®

The difficult balance between reducing stroke and minimising the risk of bleeding is
exemplified by the fact that the HAS-BLED algorithm contains common elements with the
CHADS; and CHA,DS,-VASc stroke risk prediction scores. The common elements are
hypertension, prior stroke and age.

2.7 Anticoagulation therapy

Reduction in stroke risk associated with AF by the use of anticoagulant or antiplatelet agents has
been standard clinical practice for many years, although the percentage of eligible patients
actually treated has significantly increased during the past decade.

The most common anticoagulant used in Australia is warfarin, but for patients at a low risk of
stroke, or those not able or willing to take warfarin, low-dose aspirin can be used. Newer agents
have recently become available as an alternative to warfarin. The use of warfarin is described in
detail in Part 2; the use of new anticoagulants is described in Part 3.
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PART 2
Current anticoagulation therapy using warfarin






3 About warfarin

Coumarins (a group of medicines, of which warfarin is used in Australia) have been used
clinically since the 1950s and are likely the most widely studied medicines currently in clinical
use.*! Literally thousands of papers have been published relating to warfarin’s medical use and
ways of optimising therapy.

3.1 Mechanism of action of warfarin

Warfarin is a mixture of two compounds, each a mirror image form of the other (called a
racemic mixture). The two compounds are called the R-enantiomer (the ‘right hand” molecule)
and the S-enantiomer (the *left hand” molecule). The S-enantiomer is approximately four-fold
more potent than the R-enantiomer. The dominant determinant of anticoagulant activity is the
plasma concentration of the unbound S-enantiomer.

Warfarin is metabolised (or ‘converted’) in the body into inactive, or largely inactive, substances
by liver enzymes. The liver enzymes that metabolise warfarin are from the cytochrome P450
(CYP) family. As shown in Figure 3.1, particular enzymes are specific for the S and R
enantiomers.

Warfarin

S-warfarin R-warfarin

Broken down by
liver enzymes
CYP1A2 and
CYP3A4

Broken down by
liver enzymes
CYP2C9 and
CYP3A4

=
3 3
xa
=
=
Sc
eﬂl
oy
29
(1]
=
2

Vitamin K epoxide reductase
complex subunit 1 (VKORC1)

/ Inhibits

Reduced
vitamin K

/ Inhibits

Vitamin K

Bload clotting factors
Il (prothrobin), VII, IX, X
(see Figure 3.2)

Figure 3.1 Metabolism of warfarin
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Warfarin acts by inhibiting vitamin K epoxide reductase complex subunit 1 (VKORCL1), which
is the enzyme that regenerates vitamin K into a usable form (reduced vitamin K) in the vitamin
K cycle.

In response to trauma or damage, a cascading series of events is triggered that results in the
formation of a clot. Reduced vitamin K is a critical cofactor in the generation of the specific
blood clotting factors 11 (prothrombin), VII, IX and X.*2** As shown in Figure 3.2, inhibition of
the reduction of vitamin K results in a reduction in the conversion of fibrinogen to fibrin, which
in turn reduces clot formation.

INITIATION Damaged surface

Trauma

&

o
PROPAGATION : g
; = Trauma
@ ?
o—

° —_— —eee °
o @
Prothrombin —1

= Clotting factors
inhibited by
warfarin

FIBRIN FORMATION
Fibrin
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Source: Adapted from BPAC NZ (2011)3
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P
®

Figure 3.2  Warfarin’s effect on the clotting cascade

The vitamin K—dependent clotting factors whose synthesis is blocked by warfarin have varying
half-lives (e.g. six hours for factor VIl and three days for factor I). This means that a change to
a patient’s blood level of warfarin (e.g. through a dosage change) will not be immediately
translated into a clinical response.
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Warfarin has an elimination half-life of approximately 40 hours, and this means that it takes
5-7 days to reach steady state when warfarin is started or when the dosage is adjusted.
Importantly, the action of warfarin is modified by vitamin K. This means:

» variable dietary intake of vitamin K may alter the extent of the anticoagulation effect of
warfarin

* vitamin K can be used as an antidote to reverse the effects of warfarin.

In addition, the liver enzymes that metabolise warfarin (see Figure 3.1) are commonly involved
in the metabolism of other medicines, and their activities can be modified by concomitantly
administered medicines. As a consequence, metabolic medicine interactions have been reported
for warfarin.

3.2 Warfarin efficacy

Warfarin is highly effective in reducing the incidence of stroke in patients with AF, regardless of
the patient’s stroke risk level. An updated meta-analysis demonstrates that, when compared to
placebo, adjusted-dose warfarin reduces stroke risk by 64% and antiplatelet agents reduce stroke
risk by 22%.% The data indicate that adjusted-dose warfarin is more effective than antiplatelet
therapy, but it doubles the risk of major extracranial bleeding and intracranial haemorrhage.*

A Cochrane Review examined the effectiveness of antiplatelet therapy in reducing strokes, and
found a reduction of approximately 20%,* although other papers argue that this result is driven
by one study.®” Another study suggested that warfarin and aspirin gave similar risk of ischaemic
stroke and haemorrhagic stroke (4.6% and 4.3% per year, respectively) in patients over the age
of 75.% The aspirin dose in this study was 325 mg daily and the INR target was 2.0-4.5. The
impact that this dose or the wider range of INR (i.e. compared to the accepted therapeutic index
for this indication of 2-3) has on these results is uncertain.

A combination of clopidogrel and aspirin reduced the rate of ischaemic stroke by 28% compared
to aspirin alone, with an incidence of major bleeds equal to that of warfarin.*

3.3 Therapeutic range of warfarin

Warfarin has a narrow therapeutic index. Its effectiveness and safety is a tight balance between
stroke risk and bleeding risk, and it requires careful dose titration and monitoring. Monitoring a
patient’s response to warfarin is measured by their international normalised ratio (INR), a
measure of the extent of anticoagulation.

In AF, the clinical benefits of warfarin are highly dependent on maintaining the INR within the
therapeutic range of between two and three.***? As shown in Figure 3.3, INRs below this range
increase the risk of stroke, while INR values above three or four are associated with increased
bleeding rate.*®
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Figure 3.3 Maintaining INR in the therapeutic range is crucial to prevent strokes and avoid bleeding

A measure of anticoagulant control during a specified period of time is the time in therapeutic
range (TTR).* In those patients where TTR is poor (i.e. TTR less than 60%), the annual
mortality rate is higher (4.2% versus 1.7%), major bleeding is higher (3.9% versus 1.6%) and
stroke and systemic embolism is higher (2.1% versus 1.1%) compared to patients with good
control (i.e. greater than 70% TTR).* Retrospective studies have shown that a 6.9%
improvement in TTR significantly reduced major haemorrhage by one event per

100 patient—years of treatment.*®

The TTR varies significantly among individuals, with estimates in the Australian community-
based practice in the range of 50-68%.*" A systematic review of international studies cited
TTRs ranging from 29% to 75% and reported that randomised controlled studies result in higher
TTRs than retrospective studies, which indicates that higher TTRs (and therefore better
outcomes) can be achieved with structured anticoagulation control programs.*®
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Issues and options for the use of warfarin

4.1

Management of stroke prevention in atrial fibrillation

4.1.1 A significant percentage of the population with atrial fibrillation is
undiagnosed

Many patients with AF have no symptoms and, in submissions to the review, respondents
estimated that around 10-30% of AF cases are undiagnosed.>*

KEY ISSUE: Because of the higher prevalence of AF in elderly patients, in combination with
the demographics of an ageing population, an increased awareness of AF and greater attention to
detection of AF need to be considered.*

4.1.2 Co-existing conditions and concomitant medicines complicate treatment

In Australia, approximately 40% of the aged population have a minimum of three comorbidities
(unpublished data, Veterans’ Medicines Advice and Therapeutics Education Services,
University of South Australia, Adelaide, 2012).

A number of submissions identified that it is common for patients with AF to have a wide range
of comorbid conditions (and concomitant medicines) and that this can complicate treatment
options for people with AF.* Factors besides ageing that predispose people to AF include
coronary heart disease, hypertension, diabetes mellitus, obesity, sleep apnoea, renal disease and
thyroid disease.” These factors, in particular hypertension, renal disease and diabetes, are very
common in the aged population, and this further complicates management of AF.

As part of its submission, the Royal Australian College of General Practitioners conducted an
audit of patients aged 65 and over with AF, and found that 68% were taking eight or more
medicines.*® Similarly, a recent survey of the Australian Government Department of Veterans’
Affairs database indicated wide use of anti-inflammatory agents (nonsteroidal anti-inflammatory
agents) and COX-2 inhibitors), proton pump inhibitors and antiplatelet agents in patients with
AF (unpublished data, Veterans’ Medicines Advice and Therapeutics Education Services,
University of South Australia, Adelaide, 2012). (See Section 4.4 for further information on
medicine interactions.)

KEY ISSUE: The management of AF is influenced by the other comorbid medical conditions
that are common in the elderly, particularly heart disease, cognitive disorders, diabetes and
musculoskeletal disorders. For example, these comorbidities may increase the absolute risk of
stroke (e.g. cardiac disease and diabetes), increase the risk of bleeding by concomitant use of
nonsteroidal anti-inflammatory agents and antiplatelet medicines, and increase the probability of
medicine interactions.

KEY ISSUE: Patients who have a degree of cognitive impairment but are responsible for their
own medication management may have difficulty with the routine of anticoagulant monitoring
and/or dealing with multiple medications. The current treatment algorithms do not provide
detailed advice in regard to dealing with patients with comorbidities. Although the pivotal trials
of the newer agents included patients with diabetes and heart failure, there has been no
comprehensive analysis of the risk—benefit in subjects with concurrent disease.
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KEY ISSUE: Although the focus of this review is anticoagulation, this is only one component
of stroke risk mitigation. For example, consideration also needs to be given to heart rate and
rhythm control and *upstream’ management of other stroke risk factors, such as hypertension
and high cholesterol.

4.1.3 Guidelines and management algorithms

In recent years, a number of international guidelines on the management of AF have been
published, which include detailed discussions on the management of anticoagulation therapy.
These include guidelines developed by the American College of Cardiology Foundation, the
American Heart Association and the Heart Rhythm Society;? the Canadian Cardiovascular
Society;** the European Society of Cardiology;*® the National Institute for Health and Clinical
Excellence (NICE);> the Japanese Circulation Society>* and the American College of Chest
Physicians.>? None of these guidelines explicitly take into account the cost or cost-effectiveness
of management options, nor do they discuss management in patients with multiple conditions.

A number of submissions raised the issue that no recent, comprehensive Australian guidelines
exist.* °® Resources available in Australia include a position statement on AF from 2001°* and
the recent cardiovascular edition of the Therapeutic Guidelines (2012), which includes a
discussion on treatment options and other management issues for the prevention of stroke in
patients with AF.>

In its submission to the review, the Cardiac Society of Australia and New Zealand stated that
assessment of bleeding risk in clinical practice is usually a subjective assessment and that risk
scores for bleeding (such as HAS-BLED) ‘are not widely used in clinical practice’.?

KEY ISSUE: There are no recent comprehensive and consistent Australian clinical guidelines
for the management of AF. Comprehensive guidelines should consider overall management of
anticoagulation, including detection of AF, a standard methodology for stroke risk and bleeding
risk calculations, discussion of dosage considerations (such as dosage initiation and adjustment),
and guidelines for monitoring anticoagulation (including the issue of comorbidities).

KEY ISSUE: Managing bleeding risk is an important part of the management of AF and should
occur in a systematic way.

4.1.4 Noncompliance with guidelines and undertreatment of patients with AF

A number of submissions raised the issue that undertreatment of AF patients is a ‘significant’
cause of preventable stroke.® *»°5°7 The National Stroke Audit — Acute Services Clinical Audit
Report 2011 found that only 30% of patients with known and pre-existing AF are treated with
anticoagulation therapy when presenting with a stroke to participating audited hospitals.”® A
recently published Australian audit of medical records of hospital inpatients found that of those
patients deemed ‘eligible’ for anticoagulant therapy, only 55% were actually prescribed this
treatment on discharge.> Clinicians will often make decisions to not begin treatment based on
clinical and social reasons.

Several submissions raised the issue that some patients who are at moderate to high risk of
stroke, and who are therefore eligible for anticoagulation therapy under the international
guidelines outlined in Section 4.1.3, are not being anticoagulated, but are instead being treated
with less effective antiplatelet therapy (such as aspirin). This is an issue because warfarin is
significantly more effective at reducing the risk of stroke and offers a net benefit — even when
taking into account the increased bleeding risk.*

Submissions identified a range of factors contributing to underuse of anticoagulation therapy,
including barriers, or perceived barriers, to a clinician’s prescribing of anticoagulation
therapy.®®®? One submission pointed to the results of a survey in which Australian general
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practitioners were asked about factors that they consider when deciding whether or not to
prescribe warfarin.*® The results are summarised in Table 4.1.%?

Table 4.1  Barriers to anticoagulant prescribing from a survey of Australian general practitioners

(n=596)
Barriers: How often does each reason apply to Never or rarely Sometimes  Usually or always
your patients with NVAF when considering number (%) number (%) number (%)
whether or not to prescribe warfarin?
Patient reluctance to take warfarin 173 (29.0) 324 (54.4) 92 (15.4)
Patient refusal to take warfarin 276 (46.3) 181 (30.4) 133 (22.3)
Regular monitoring of INR levels will be too 352 (59.1) 177 (29.7) 60 (10.1)
impractical or inconvenient for the patient
Risk of adverse events will be unacceptably high 57 (26.3) 237 (39.8) 195 (32.7)
You feel the patient would be unable to comply with 212 (35.6) 251 (42.1) 127 (21.3)
requirements for regular follow-up
The patient has contraindications to warfarin 163 (27.3) 185 (31.0) 242 (40.6)
Patient risk of falls 153 (25.7) 293 (49.2) 4.0

INR = international normalised ratio; NVAF = nonvalvular atrial fibrillation
Source: Gattellari et al (2008)I62

Table 4.1 shows that patient reluctance and/or refusal to take warfarin is a relatively common
barrier to anticoagulant prescribing. Factors that contribute to patient reluctance and refusal may
include consideration of dietary factors, (perceived) inconvenience of regular monitoring and a
lack of venous access. Patient decisions about starting anticoagulation therapies must be
informed decisions — taking into account the risks and benefits of such medicines.

It is interesting to note that several of the barriers outlined in Table 4.1 may equally apply to all
anticoagulants irrespective of whether regular monitoring is required. Further, regular
monitoring is also required for many other medicines, including tests for renal function,
haematological side effects or for continuation of Pharmaceutical Benefits Scheme (PBS)
subsidy.

A study from the United States also identified a number of factors influencing warfarin use. A
summary is shown in Table 4.2.%* Similar to the Australian study above, many of the factors will
be applicable to any anticoagulant therapy and not just to warfarin.

Table 4.2  Factors influencing a reduction in warfarin use or increasing warfarin use

Factors influencing reduction in warfarin use Factors increasing warfarin use
Alcohol and medicine use Congestive heart failure

Increasing age Cerebrovascular accident
Contraindications to warfarin Male gender

Dementia Perceived appropriateness of warfarin
Falls Atrial fibrillation frequency
Gastrointestinal bleeding

History of bleeding

Hepatic impairment

Intracranial bleeding

Perceived barriers to compliance
Renal impairment

Perceived and actual risk of bleeding
Source: Baczek et al (2012)81

A number of submissions identified that, in addition to the factors mentioned in tables 4.1 and
4.2, some cases of underuse of anticoagulation therapies are due to an inappropriate perception
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of risk versus benefit by both prescribers and patients.>* Many submissions identified that fear
of bleeding often dominates prescriber decision making.?* 16364

The European Society of Cardiology Working Group on Thrombosis position document on
bleeding risk assessment and management in AF patients states that ‘in most patients,
thromboembolic rates without anticoagulation are markedly higher than bleeding rates.
Therefore, most patients with AF — including the majority of patients at high bleeding risk —
are in need of anticoagulant therapy’.?® Therefore, even though there is an increase in risk of
bleeding in patients receiving anticoagulants, this is generally outweighed by the benefit of
anticoagulation treatment in reducing stroke.

KEY ISSUE: A significant proportion of people who have been diagnosed with AF are not
receiving pharmacotherapy in accord with existing treatment paradigms:

* Itis estimated that only 40-60% of patients who are appropriate candidates for oral
anticoagulation receive anticoagulation treatment.

» Itis further estimated that a percentage of patients with moderate to high risk of stroke (for
whom current anticoagulation therapy would be appropriate) are inappropriately receiving
antiplatelet medicines (such as aspirin) as monotherapy.

KEY ISSUE: Untreated and undertreated patients are considered to be a major source of
preventable strokes. Removal or reduction of some of the barriers to anticoagulant use has the
potential to result in a significant health gain.

KEY ISSUE: Several studies have reported the reluctance or refusal of patients to take warfarin
as a major barrier to its use. The issue is whether these patients have an appropriate
understanding of the risk versus benefit of anticoagulation — particularly when the risk
reduction in stroke incidence generally exceeds the increased risk of bleeding.

KEY ISSUE: There is uncertainty as to which of the identified barriers to the use of
anticoagulation therapy would be addressed by other anticoagulation management options, since
many of those barriers identified will also apply to anticoagulant therapy in general.
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OPTIONS AND QUESTIONS FOR THE REVIEW

Options for management of stroke prevention

» Develop and maintain best practice, evidence-based Australian clinical guidelines for
the detection and appropriate management of AF, including decision support that
incorporates the use of risk calculators integrated within medical software
(e.g. CHA,DS,-VASc and HAS-BLED) and management of comorbidities.> ™ 48 53
The AF management guidelines must take into account the cost and cost-
effectiveness of therapies, as well as patient factors.

* Improve the diagnosis and management of AF through a program to bring about
evidence-based changes in clinical behaviour. The program should use a multifaceted
approach incorporating changes at the professional, organisational, consumer,
regulatory and financial levels.* For example, this could include:

— multiple education and support programs for clinicians and patients discussing the
risks versus benefits of anticoagulation® * % ©’

— roles for allied health professionals in identifying patients suitable for
anticoagulation therapy® **

— disease management programs®

— incentives for prescribers and more consultation time between health care
professionals and patients.” *

Focus questions

1. Will algorithms for the calculation of stroke risk and bleeding risk assist in the
decision-making process around anticoagulation management and how should
these be incorporated into the practice environment?

2. What is the best process for the development of national, readily accessible
Australian guidelines? Who should take responsibility for its development? Which
partners need to be involved? Are current overseas guidelines applicable to the
Australian health care system? Should specific guidelines be developed for
consumers regarding management and other patient-relevant issues?

3. What should guidelines contain to be most useful to prescribers and other
stakeholders, and how should these be accessible; for example, through electronic
means including mobile phone technology and/or incorporated into decision-support
systems? Should there be a nationally endorsed algorithm for managing dosage
adjustments in response to INR values?

4. What sorts of intervention programs to reduce barriers to anticoagulant use are the
most effective at driving behavioural changes, and what are the costs associated
with such programs?
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4.2

Warfarin monitoring and maintaining an INR within the therapeutic
range

4.2.1 Warfarin has a narrow therapeutic index

The clinical benefit of warfarin in the reduction of stroke in patients with AF is highly
dependent on maintaining the INR within the therapeutic range of between two and three.* %97
KEY ISSUE: Warfarin is a medicine of narrow therapeutic index, and a patient’s INR must be
maintained in the range of two to three to have the optimum balance between stroke reduction
(INR above two) and minimising the risk of major haemorrhage (INR less than three).

4.2.2 Warfarin requires regular monitoring to maintain a therapeutic INR

The need for regular monitoring of the effect of warfarin, through a patient’s INR, was
identified in a number of submissions as a major inconvenience to patients, carers and general
practitioners, 3 1256, 7174

Although INR monitoring is generally required approximately once per month (with more
frequent monitoring required at the initiation of therapy or when a dosage adjustment is made),
one report has suggested that the average number of INR tests per Australian patient on warfarin
is 1.7 tests per month.” This is greater than reported recently in the ARISTOTLE trial of
apixalgan, and also an Australian trial that found an average of 9.3 INR tests per person per
year.’

The frequency of INR monitoring was raised as an issue in a number of submissions. Some
submissions suggested that some stabilised patients who have a low bleeding risk may only
require INR testing once every 12 weeks .

Currently, to be eligible for Medicare Benefits Schedule (MBS) subsidy, an INR test must be
conducted by an accredited laboratory using blood obtained by venipuncture. Point-of-care
testing is currently not covered under Medicare arrangements.

A number of submissions identified issues with the current approach of monitoring INR based
on venipuncture results, and examples of these issues include:

« the availability of laboratory facilities in rural areas 432 84 778

» the time between the taking of a blood sample for INR monitoring and when the subsequent
action regarding change of management (if required) is protracted®’

« INR management can be time consuming for health professionals®’

» whether the current MBS rebates for primary practitioners to provide care for patients on
warfarin represent adequate incentives® * ®°

- obtaining venous access in some patients®” 7

« patient time and travel costs* &

- overall patient costs® ">

« difficulty in accessing INR testing facilities when travelling”’

« the impact on patient job and employment'? >

« impact on patient quality of life.* 1% &

KEY ISSUE: The frequency of INR monitoring is likely to be greater during initiation or when
dosage adjustments are made. For patients who are able to maintain a relatively constant INR,
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less frequent monitoring is recommended, particularly if they have a low bleeding risk as
determined by measures such as HAS-BLED.

KEY ISSUE: The need for regular INR monitoring and management of patients receiving
warfarin has been reported to pose a difficulty for some health professionals, patients and carers,
including inconvenience, potential delays to dosage adjustment, and access issues in rural and
remote areas.

4.2.3 Arange of models are used for monitoring INR in Australia and internationally

INR monitoring during warfarin therapy has been managed within a variety of practice settings
and processes. The list below outlines some of the models currently used for INR testing, both in
Australia and internationally. Some of these processes involve point-of-care testing devices,
which are hand held, provide immediate results and use blood from a finger prick rather than by
venipuncture. The following settings and processes are used:

1. The patient’s primary medical practitioner or practice nurse takes the blood sample by
venipuncture and forwards the sample to an external accredited laboratory. The INR result is
then communicated to the medical practitioner who contacts the patient if a dosage
adjustment or other action is required.

2. The patient presents to a laboratory service centre to have a blood sample taken by
venipuncture and the sample is transported to the accredited laboratory. The results are then
either communicated to the patient’s medical practitioner who responds to the result as
appropriate; or the laboratory contacts the patient directly and makes recommendations in
regard to any required dosage adjustment, or other action. In the latter case, the laboratory
representative takes control of the patient’s warfarin management. Several of these programs
are available in Australia, for which an additional fee is charged to the patient that is not
subsidised by the Australian Government.®®

3. The patient’s primary medical practitioner or practice nurse conducts point-of-care testing,
and any required action can be undertaken quickly.®

4. Point-of-care testing occurs in other health care settings. For example, the patient presents to
an accredited pharmacy to have point-of-care INR testing and the pharmacist makes
recommendations regarding any required dosing adjustments using an agreed management
algorithm in a framework of a shared-care model with the patient’s designated medical
practitioner. This model was recently trialled in New Zealand, and was successful in
improving the TTR of patients.* More examples include point-of-care testing in residential
aged-care facilities®” and using point-of-care-testing by domiciliary nurses undertaking home
Visits.

5. The patient presents to a designated anticoagulation clinic where INR monitoring and
warfarin management is undertaken. These centres are not widely available in Australia, but
have been used for many years in the United States of America and throughout Europe.®

6. The patient self-monitors their INR values at home using point-of-care devices. If the INR is
outside the accepted range they either contact their health care practitioner for advice on
appropriate action to be taken (self-monitoring) or manage any dosage adjustments
themselves using an agreed management algorithm (self-management).

Processes 1-3 are the most commonly practised in Australia.
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International experience suggests that programs can be successfully implemented to improve
time in therapeutic range (TTR), so that a TTR > 75% can be achieved.* TTR has been shown
to be statistically significantly higher in patients managed in anticoagulation clinics and clinical
trials compared to patients managed in community practice.®®

KEY ISSUE: There is a lack of appropriate infrastructure and funding arrangements in
Australia for more convenient INR monitoring arrangements, including point-of-care INR
testing, and patient self-monitoring and self-management.

KEY ISSUE: The cost of point-of-care testing using technology requiring finger-prick blood
sampling is a barrier to its wider uptake because this service is currently not covered under
Medicare services.

KEY ISSUE: The ability of personnel involved in INR monitoring and anticoagulant patient
management to access a current health record, including comorbidities, current medication and
INR history, limits the quality of some anticoagulant services. The use of a personally controlled
electronic health record by patients receiving anticoagulants may address some of these issues.
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OPTIONS AND QUESTIONS FOR THE REVIEW

Options for warfarin monitoring and maintaining patient INR

» Examine alternative options for warfarin management, including INR monitoring,
that provide greater convenience for patients, and more consistent and timely
responses to INR results. For example, the role of point-of-care INR testing using
finger-prick techniques could be investigated in regard to accuracy, convenience,
clinical outcomes, patient convenience, cost and cost-effectiveness.™ # *® Other
systems for warfarin INR monitoring that could be examined include:

— specialised anticoagulant clinics, which are common in many countries*" > %

patients could be referred to such a clinic for management within a
multidisciplinary shared-care model>> ®’

— a shared-care model for anticoagulant therapy similar to that currently in place for
the prescribing and management of antiglaucoma PBS-subsidised medications by
optometrists

— the use of ‘anticoagulant-accredited’ pharmacists (and other allied health
professionals, including domiciliary care service providers) under shared-care
models with medical practitioners using point-of-care testing®’

— an accredited program for the National Health Call Centre Network to provide
appropriate advice on the management of anticoagulant therapy

— provision of point-of care devices to suitable patients for self-monitoring and/or
self-management™®®

— subsidised anticoagulant management services including dosage-adjustment
recommendations provided by pathology laboratories® that are part of a shared-
care model using an endorsed management algorithm.

» Develop a nationally endorsed warfarin dosing algorithm, which could include
advice with regard to frequency of INR monitoring, and appropriate dosage
adjustments or other management options. This resource should be available in
multiple formats, including paper-based (hard copy), IT-based (such as a
computer-based decision tool) and mobile phone applications.

* To explore and evaluate innovative ways to assist selected patients to improve
their management of warfarin, including their ability to self-monitor and self-
manage, and dosage-adjustment or collaborative models between health
professionals and consumers.
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Focus questions

St

10.

What would be the impact of, and the opportunities that arise from, developing a
model of multiple mechanisms/programs for the monitoring of anticoagulant
therapy on the uptake and acceptance of anticoagulant therapy?

What would a multidisciplinary shared-care model look like? What are the
barriers to creating a shared-care model? Are there existing models that could
form a framework? What funding arrangements would be needed to support
such a model? How would patient information be accessed to ensure
appropriate care?

With regard to patient reluctance and/or refusal to take warfarin because of
perceived inconvenience resulting from the need for monitoring, what would the
willingness to pay by the consumer be to avoid monitoring in the context of
having a test that allows their risk of under- or overcoagulation to be monitored,
and appropriate action taken to minimise the risk of an adverse outcome?

Which patients could be considered for anticoagulant self-monitoring or self-
management? What would be the criteria for patient selection?

What is the cost and cost-effectiveness of the various models?

What opportunities arise from the establishment of a nationally endorsed
anticoagulant treatment algorithm for use by health professionals, including
those operating within a shared-care model?
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4.3 Initiation of warfarin

Several reports indicate that people experience greater difficulties in maintaining a stable INR in
the first three months after warfarin initiation.®® Adverse event rates with warfarin are higher in
this period, with bleeding and recurrent thromboembolic events occurring more frequently.2%%°

Management algorithms for the initiation of warfarin are available. However, it has been
suggested that the commonly employed starting dose of 5mg daily would lead to over-
anticoagulation in 82% of women and 65% of men who are older than 70 years.**

It is estimated that 50% of warfarin initiations occur in hospitals. A particular issue occurs when
warfarin is initiated in hospital and the patient is discharged before a stable INR is achieved. In
this case, completion of the INR stabilisation becomes the responsibility of the patient’s general
practitioner, who may not have received the postdischarge summary. Further, it may not be
possible for the patient to obtain an appointment with their general practitioner in an appropriate
timeframe. If the general practitioner does not have point-of-care testing, a critical delay in
obtaining INR results can occur. This scenario demonstrates the critical importance of continuity
of care between hospitals and the community.

For patients newly initiated on warfarin in hospital, postdischarge services have been trialled in
Australia, including services where INR monitoring occurs in the patient’s home using point-of-
care devices.””® Note that a hospital-referred pathway for home medicine reviews is in the
process of being established.

KEY ISSUE: Bleeding and INRs outside the therapeutic range are more common in the first
three months of therapy and immediately after discharge from hospital.

KEY ISSUE: There are no systematic processes in place to assist initiation of warfarin therapy
in either the hospital or community setting.
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OPTIONS AND QUESTIONS FOR THE REVIEW

Options for initiation of warfarin

Investigate collaborative health care team approaches that build on existing programs
and structures, such as home medicine reviews™" ®* ®" # and practice incentive
programs.

|3, 53, 87

Promote continuity of care for patients who start warfarin therapy in hospita and

comparable models for patients who start their therapy in the community setting.

Provide standardised patient information and education to every new patient starting
warfarin therapy, and for those already taking warfarin who may not have received
sufficient information when they started their therapy.

Focus questions

11.

12.

13.

What are the potential models for a collaborative approach to managing
anticoagulation therapy among health professionals immediately postdischarge?

What current processes/programs are in place that may be expanded to include a
postdischarge anticoagulation service? Could these process or programs be
integrated with a similar service for patients who are initiated on warfarin therapy in
the community setting?

Could the infrastructures currently in place in Australia be used to facilitate
development of these collaborative arrangements; for example, Medicare Locals
and hospital-initiated home medicine reviews?
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4.4

Intrapatient variability in response to warfarin

A theme both in submissions and the literature is intrapatient variability — the variability in
INR values seen within a patient. Such variability makes patient management problematic and
unstable INR values increase bleeding risk, as demonstrated by its inclusion as a risk factor in
the HAS-BLED algorithm.

A number of submissions from consumers raised the issue of unstable INR blood test results,*®%’
and prescribers outlined particular patients for whom maintaining an INR within an acceptable
range V\YI?S difficult to achieve’ or whose usually stable INR changed markedly for no apparent
reason.

This intrapatient variability is problematic with patients having periods of under- and over-
anticoagulation, and patients needing multiple dosage adjustments, which can lead to confusion
and a “chasing the dose’ phenomenon of frequent dosage adjustments. If dosage adjustment is
required, there is no nationally endorsed, readily available Australian algorithm to help
clinicians adjust warfarin doses depending on INR values.

Further, physician fear of erratic INRs due to concerns regarding bleeding risk can potentially
lead to a conservative underdosing approach to warfarin management and therefore a reduction
in the efficacy of warfarin.

Intrapatient variability of the anticoagulation effect of warfarin, as measured by its impact on
INR, may result from a number of factors, including:

* medicine interactions

» patient adherence and compliance
» plasma vitamin K levels

» concurrent illness.

Each of these issues is discussed further below.
441 Medicine interactions

A number of submissions identified the issue of medicine interactions in the management of
patients on warfarin.® 5 %°° Fyrther, one submission identified that medicine interactions with

warfarin are ‘often poorly understood by general practitioners and patients’.™

The literature often refers to the fact that warfarin has multiple medicine interactions and lists of
medicines reported to interact with warfarin have been published.® However, many of the
examples of warfarin medicine interactions given within the literature are not well supported by
robust clinical evidence and, in fact, a significant proportion of these examples rely on single
case reports.’®* In addition, for many of these case reports, the reported medicine interactions
have no obvious or plausible biological mechanism.

Further, of those interactions which have been validated some of the interacting medicines

(e.g. rifampicin) have a restricted clinical place and are often used in specialised units, therefore
the number of patients potentially exposed to such interactions is likely to be small and
appropriate dosage adjustments can be made.

Many medicine interactions with warfarin can be avoided or their impact minimised. For
example:

» For many of the clinically confirmed medicine interactions, alternative medicines of
comparable efficacy are often available that do not interact with warfarin. Therefore,
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appropriate monitoring of a patient’s medication record (including using decision-support
tools) and prescribing medicines that are known not to interact with warfarin (where an
alternative exists) could help minimise the impact of warfarin medicine interactions.

» Predicting dosage requirements before starting interacting agents such as amiodarone
(dosage reduction is likely to be 25%) can minimise the risk of adverse outcomes.

» Active patient counselling about over-the-counter products and their interaction with
warfarin (e.g. paracetamol and complementary medicines).

Co-administration of medicines that have the potential to cause bleeding in their own right (such
as nonsteroidal anti-inflammatory medicines) is likely to result in increased bleeding
independent of the anticoagulant used, including newer oral anticoagulants. This is clinically
relevant because data provided by the Australian Government Department of Veterans” Affairs
indicate that around 30% of veterans with AF are taking nonsteroidal anti-inflammatory
medicines or COX-2 inhibitors (unpublished data, Veterans’ Medicines Advice and
Therapeutics Education Services, University of South Australia, Adelaide, 2012). This figure is
higher than reported in the pivotal trials with the newer agents.

4.4.2 Patient compliance and adherence

As with other chronic medications, patient compliance can be a significant factor in achieving
optimal outcomes from warfarin. Many factors can impact on patient compliance. The Cardiac
Society of Australia and New Zealand identified a range of factors, including dose frequency,

patient perception of treatment benefits, patient—physician communication, patient motivation,
socioeconomic background, family and social support, and age.?

Warfarin has a long half-life (40 hours) and is administered once per day.

It has been suggested that the requirement for regular INR monitoring, and the routines around
this, may improve patient compliance with their warfarin therapy.’®

However, problems with warfarin compliance can be exacerbated by frequent dosage changes
and the use of multiple tablets of different strengths, particularly because warfarin is used in a
mainly elderly population who are likely to be taking multiple medications.

In addition, patient compliance with warfarin may be influenced by patient confusion regarding
the two different brands of warfarin (Coumadin® 1, 2, and 5 mg, and Marevan® 1, 3 and 5 mg).
The Warfarin: Important Information for Patients booklet states that the different brands are
‘NOT the same’ and they should not be interchanged based on the fact that they have not been
shown to be bioequivalent.'*® This statement may lead to the belief that warfarin is poorly
absorbed and as such is subject to variability in absorption contributing to variability in
response. In fact, warfarin is 100% bioavailable’® (this contrasts with dabigatran, which is 6%
bioavailable). Further, it is highly unlikely that the brands would not be bioequivalent (provided
the dissolution rates are appropriate). The fact that the medicine has a narrow therapeutic index
is a factor to be considered, but absorption of warfarin is unlikely to be a clinically relevant issue
in variability of response.

It is interesting to note that in the pivotal ARISTOTLE trial of apixaban in AF, the only strength
of warfarin used were the 2 mg tablets.’® This presumably required half tablets to be used in
dosage adjustment. This approach — that is, changing dose by half or whole tablets rather than
having multiple strengths of different brands — may cause less patient confusion.
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4.4.3 Changes in blood and tissue levels of vitamin K

Variable vitamin K intake has the potential to influence the level of anticoagulation seen with
warfarin.

The majority (90%) of vitamin K is obtained from the diet, particularly from green leafy
vegetables.'® Less than 10% is obtained from nondietary sources, menaquinones, which are
largely synthesised by colonic bacteria.’® Therefore, changes in diet are likely to have a greater
impact on plasma vitamin K levels than changes in menaquinone levels.

Consumer submissions stated that they have been told to follow “strict diets’ and are unable to
eat particular foods containing vitamin K. Some submissions identified that sometimes advice
given to patients is inconsistent with best practice, particularly in relation to the omission of
vitamin K from the diets of patients on warfarin.””

There is strong evidence that significant variability in dietary vitamin K intake can manifest
itself in wide variability in INR values in patients receiving warfarin, particularly in patients
with low vitamin K levels.’®®*? The tissue stores of vitamin K are limited and can be readily
depleted.’® Some studies have achieved stable INRs through regular daily administration of low
dose vitamin K, which is thought to maintain relatively constant plasma/tissue levels, '3
Patients with higher dietary vitamin K intake, and thus higher ‘baseline’ plasma/tissue levels of
vitamin K, have significantly more stable INR values than patients with lower intakes of vitamin
K.1%112 It has been proposed that patients with high baseline levels of vitamin K are less

susceptible to changes in anticoagulation activity in response to periodic dietary changes.'%¢**?

4.4.4 Concurrentillness

Concurrent illnesses such as diarrhoea have been reported to result in a four-fold increase in the
risk of having an INR greater than six.™*> This has been suggested to be due to the malabsorption
of vitamin K (that is, the body may not absorb vitamin K optimally when a patient has
diarrhoea). Because changing vitamin K levels have the potential to influence a patient’s INR
this could lead to greater anticoagulation effect with the same dose of warfarin. However, there
is an absence of high-quality evidence to support this hypothesis.™® It is possible that a more
plausible explanation is that dietary vitamin K intake changes during periods of illness such as
diarrhoea, and thus the impact is influenced by baseline vitamin K levels.

Decompensated heart failure has also been associated with an increase in INR values.®

KEY ISSUE: Intrapatient variability in INR values can make warfarin management
problematic, and may be a reason for ceasing therapy. The most probable reasons for this
variation are dosage issues (patient compliance and adherence), changes in patient vitamin K
levels (being dependent on baseline vitamin K levels) and concurrent illness such as diarrhoea.

Issues and Options Paper, June 2012 33



OPTIONS AND QUESTIONS FOR THE REVIEW

Options for management of intrapatient variability of response to warfarin

Develop and implement strategies, health-delivery models and support systems that
promote quality use of warfarin to improve health outcomes.

Develop a nationally endorsed management algorithm that can be used for amending
the warfarin dose during maintenance therapy in response to changes in INR.

Develop comprehensive education strategies each for health professionals and
patients to improve understanding and acceptance of anticoagulation therapy.

This could include developing comprehensive yet simplified anticoagulant food,
medicine and disease-state interaction tables; guidelines for patient counselling; and
advice for clinicians regarding appropriate actions. These could be made available in
multiple formats, including mobile phone applications.

Develop a resource for alternative therapies (i.e. medicines that do not interact with
warfarin) to medicines shown to interact with warfarin, and include this resource within
prescribing/dispensing software and other systems.

Ensure that plasma and tissue concentrations of vitamin K are adequate so that any
relative changes in vitamin K dietary intake will have minimum effect on the INR value.
Literature suggests that this may be achieved through appropriate dietary advice
and/or vitamin K supplementation.

Consider reducing the number of different strength products used in a patient’s
warfarin management to lessen the risk of patient confusion.

15.

16.
17.

18.

19.

Focus questions
14.

Which medicine, food and disease-state interactions with warfarin have a strong
evidence base and how can these interactions be best managed?

Which medicine interactions with warfarin are the most problematic, particularly due
to a lack of appropriate alternatives that do not interact with warfarin? What advice
can be given about pre-emptive dosage changes when interacting medicines are
needed to be added to a patient’s regimen?

What impact does the need for regular monitoring have on patient compliance?

Should plasma vitamin K levels be measured at the time of warfarin initiation to
identify those patients with low levels — who are therefore at greatest risk of INR
fluctuations due to dietary vitamin K intake?

Should appropriate dietary advice be received by patients initiating warfarin? Simply
issuing tables of vitamin K content of foods could infer that those with the highest
content should be avoided. What is the best way to provide dietary advice to
patients?

What would be the likely benefits and risks of low-dose vitamin K supplementation
for patients on warfarin?
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4.5

Interpatient variability in response to warfarin

Interpatient differences in warfarin dosage requirements are considered to be less of a clinical
issue than intrapatient variability because dose requirements can be monitored by INR
measurements. Interpatient variability is likely to be more important at the initiation of warfarin
therapy and requires consideration at the titration phase of therapy.

A number of submissions raised the issue of significant interpatient variability in warfarin dose
requirements.>” 9117 This is predominantly due to genetic differences between patients, with
up to 40% of the interpatient variability seen in warfarin dose requirements attributable to
genetic differences in two particular enzymes:*'®

» CYP2C9. This liver enzyme metabolises the more potent S-warfarin into its inactive, or
largely inactive, form. The clinical implications of genetic mutations in this enzyme are that
some patients require lower doses of warfarin, take longer to reach a constant therapeutic
blood warfarin level (‘steady state’), and are at greater risk of elevated INR values.™ It is
estimated that this genetic variation, which results in a reduced clearance rate of warfarin,
affects 2-14% of patients?

and/or

» Vitamin K epoxide reductase complex subunit 1 (VKORC1). This enzyme regenerates
vitamin K into a usable form. VKORC1 mutations result in a requirement for lower dosages
of warfarin to maintain the INR in the therapeutic range.**

A number of studies have found that a combination of age, weight and height, and CYP2C9 and
VKORC1 genotype, could explain a significant proportion (60%) of the interpatient variability
in warfarin dosage requirements.*?**?* Dosing algorithms that are based on genetic tests
incorporating patient age, weight, height and sex have been shown to be beneficial for warfarin
dosing, especially in the initiation phases.*® 21?8 |n August 2007, the United States Food and
Drug Administration approved a change on warfarin labels, which now state that ‘lower
initiation doses should be considered in patients with certain genetic variations in CYP 2C9 and
VKORC1 enzymes’.

Studies have found that pharmacogenetic testing results in a reduction in bleeding events in the
initial months of warfarin therapy, with one study finding that patients who underwent a genetic
test before warfarin therapy experienced 28% fewer hospitalisations for bleeding or
thromboembolism during the six-month followup period.*?® However, the cost-effectiveness of
such an approach has not consistently been shown to be favourable in overseas trials and may
depend on a range of variables.*2%%

Patients with severe renal impairment (i.e. a creatinine clearance test [CrCL] value of

< 30 mL/min) have been reported to require significantly lower doses of warfarin, exhibit more
labile INR values and have a two-fold increase in the risk of major haemorrhage compared to
patients with lesser degrees of renal impairment.**

KEY ISSUE: Genetic polymorphisms in CYP2C9 and VKORC1 make a significant
contribution to an individual patient’s dosage requirements.

KEY ISSUE: It is not yet clear whether testing for genetic polymorphisms is cost-effective and
whether it provides better health outcomes than programs of appropriate INR monitoring,
especially during the beginning stages of warfarin therapy.

KEY ISSUE: Routine INR monitoring may need to be more frequent in patients with a reduced
renal function (i.e. CrCL < 30 mL/min).!%
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OPTIONS AND QUESTIONS FOR THE REVIEW

Options for management of interpatient variability of response to warfarin

Examine screening for the genetic polymorphisms associated with interpatient
variability of warfarin.

Develop a nationally endorsed management algorithm for warfarin therapy,®® which
includes advice about therapy initiation, particularly in view of the impact of genetic
polymorphisms on dosage requirements. The guidelines would also need to address
additional therapies to cover stroke risk in those patients with a very high risk during
the therapy initiation phase.

If genetic testing was to be implemented, consider the use of computer-based or other
dosing algorithms for dose initiation that take into account genetic variability, patient
demographics and the co-administration of interacting agents.

Focus questions

20.

21.

22.

What is the national availability, efficacy, cost and cost-effectiveness of
pharmacogenetic testing to aid warfarin therapy initiation in Australia? Would other
interventions be able to achieve similar results at a lower cost?

What is an accepted dosage and monitoring algorithm for warfarin therapy
initiation? What patient factors should be taken into account in deciding a starting
dose? What should be the INR testing rate, and/or the rate of dosage changes in
the initiation phase of warfarin therapy? How should an algorithm be available
(e.g. integration within prescribing software/mobile phone applications)?

What is the appropriate advice for the stroke risk reduction in a high-risk patient
during the warfarin therapy initiation phase?
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4.6 Warfarin and intracranial haemorrhage

A number of submissions raised particular concerns about the issue of the risk of intracranial
haemorrhage (ICH)* associated with warfarin.* The National Stroke Foundation described ICH
as a ‘catastrophic outcome’.* ICHs are generally more severe than ischaemic strokes, causing
greater morbidity and mortality.”® *** The three-month mortality of patients on warfarin at the
time of ICH has been reported to be 52.0% compared to 25.8% for those not taking warfarin.”® It
is the fear of inducing an ICH that is often given for not giving high-risk patients warfarin or
keeping the INR at a lower range, which increases the risk of thrombotic strokes.

ICH occurs eight to ten times more frequently in anticoagulated patients compared to patients
not on anticoagulation,** and 5-12% of ICHs are related to anticoagulant use.**®> One reason
proposed for the increased rate and severity of ICH in anticoagulated patients is the unmasking
of bleeding that would otherwise remain asymptomatic.**

Although reversal agents are available for warfarin, their benefits in patient outcomes in ICH are
unclear.'®

A consistent finding in all the pivotal studies of the new oral anticoagulants (NOACS) is the
reduction in the incidence of ICH compared to patients on warfarin.*** *3139 A number of
submissions identified that this was an important, clinically relevant difference between warfarin
and the newer agents.” The biological plausibility for the difference between warfarin and the
NOAC:Ss in regard to ICH is not known, but it has been proposed that the difference may be
associated with factor V11 availability™* or due to the greater impairment of thrombin generation
in the propagation phase of coagulation with warfarin than the NOACs.**! Risk factors for

warfarin-associated ICH include:

» poorly controlled warfarin management with an increased incidence of ICH in patients
whose INR is greater than three’® **°

« increasing age™®

« hypertension (systolic blood pressure > 160 mmHg)**®

« history of cerebrovascular disease’®
« co-administration of warfarin with antiplatelet therapy.'*®

Better INR control may reduce both the incidence and severity of warfarin-associated ICH, as
seen in a longitudinal population-based study in Finland.*** However, although there is an
association between high INRs and an increase in the risk of ICH,”® **2 many ICHs occur in
patients with an INR less than three.”® %2 In fact, some studies have shown that more than 60%
of all warfarin-associated ICHs occur at an INR of three or less.”® 142

Patients who are at risk of falling pose a clinical dilemma for managing the risk of stroke and the
risk of bleeding.> " **3 One study found that patients at high risk of falls are at greater risk of
ICH, especially traumatic ICH.*** However, the study concluded that ‘because of their high
stroke rate, they appear to benefit from anticoagulant therapy if they have multiple stroke risk
factors’.** The European Medicines Agency recently issued an advisory warning regarding
intracranial bleeding following falls in patients receiving dabigatran.

KEY ISSUE: Morbidity and mortality following anticoagulant-associated ICH are greater than
ICHSs in those patients not receiving anticoagulants. Clinician concerns regarding the risk of
inducing an ICH with warfarin therapy is one of the common reasons given for the lack of
appropriate warfarin use in patients with AF.

1 An ICH is sometimes referred to as a ‘haemorrhagic stroke’ because the stroke is caused by bleeding. This is
different to an ischaemic stroke, which is due to clotting.
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KEY ISSUE: There is a clinical trade-off between the risk of ischaemic strokes due to AF and
the increase in ICH (and other serious bleeds) associated with anticoagulation therapy. The pivot
point for the decision to begin anticoagulants, which agent and the intensity of anticoagulation,
needs to be better understood.

OPTIONS AND QUESTIONS FOR THE REVIEW

Options for reducing the risk of intracranial haemorrhage

» Consider education programs and support infrastructure for health professionals and
consumers, including development of decision-support tools, to enable the relative
risks of ischaemic stroke and serious bleeds (especially ICH) to be better assessed.
This will involve wider understanding of the available tools, including CHADS,,
CHA,DS,-VASC and HAS-BLED. Education programs would be designed to ensure
that other risk factors known to increase the incidence of ICH are addressed as part of
a patient’s total management.

* Develop education strategies for consumers to improve both the uptake and quality
use of anticoagulants.

» Consider the use of anticoagulants that are associated with a lower risk of ICH.

Focus questions

23. What is the impact of the risk of ICH on the decision to start warfarin therapy? Is
there a specific patient group or patient characteristic(s) that are more dominant in
that decision?

24. s the reported reduction in ICH with the newer agents a result of these agents
being less likely to produce an over-anticoagulated state (that is, a coagulation
state equivalent to a warfarin INR above three)? Is a component of the reported
reduction in ICH with the NOACs that therapy with these agents essentially
‘removes or minimises’ the subset of patients on warfarin who have an elevated
INR (more likely with poorer INR control) and associated increased risk of ICH?
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PART 3
New oral anticoagulants






5 About new oral anticoagulants

A number of new or novel oral anticoagulants (NOACS) have been developed in recent years.
Dabigatran was the first NOAC available for clinical use in Australia more than 50 years ago.

Dabigatran and rivaroxaban are Therapeutic Goods Administration (TGA)-registered for the
prevention of stroke and systemic embolism in patients with nonvalvular atrial fibrillation (AF)

and at least one other risk factor for stroke. Sponsors have applied to use apixaban for this

indication in a number of countries. There are other NOACS in development internationally,

such as edoxaban, although major clinical trials of these agents are ongoing.

5.1 Mechanism of action

The new agents act on different parts of the clotting cascade to warfarin, as shown in Figure 5.1.
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Figure 5.1 The effect on the clotting cascade of new oral anticoagulants
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5.2

The publicly available information is much greater for dabigatran than for the other agents due
to its earlier introduction into the Australian market.

The characteristics of the NOACSs are outlined in Appendix 1, Table Al. Note that Appendix 1
only includes those NOACSs that have completed a major, multicentre randomised clinical trial
evaluating its efficacy compared to warfarin in the prevention of stroke in patients with AF and
at least one other risk factor for stroke.

Clinical trials

The tables in Appendix 1 outline the baseline characteristics of the participants of the three
pivotal trials for dabigatran (RE-LY), rivaroxaban (ROCKET-AF) and apixaban (ARISTOTLE)
(Table A2), and the key elements and differences in the design of these trials (Table A3).

Table A2 demonstrates that populations for the RE-LY and ARISTOTLE trials were more
similar than patients who were included in the ROCKET-AF trial.

Note that all three trials were multinational and recruited patients from approximately

40 different countries. The proportion of the total populations from various regions varied
among the trials as shown in Table 5.1. It should also be noted that the standard of care is likely
to be different between and within regions, as has been demonstrated in the significant variation
in time in therapeutic range (TTR) results in the warfarin arm of the studies in certain countries
or regions.

Table 5.1  Trial participants by region (per cent)

Trial Asia South United Western Eastern/ Others
America  States and Europe central (Australia, Israel,
Canada Europe South Africa)

RE-LY 15.4 5.3 36.1 25.7 117 5.9
(dabigatran)44

ROCKET 14.8 13.2 18.8 14.8 38.6 (reported under
(rivaroxaban)s  (Asia—Pacific) Asia—Pacific)
ARISTOTLE 14.3 19.0 24.7 16.2 21.8 4.1
(apixaban)46

There have been no head-to-head (direct comparison) randomised trials of the three NOACs,
and differences between the three pivotal trials make indirect comparisons between the agents
problematic. The European Sub-Committee Working Group on Thrombosis summarised these
differences as:*

* ‘the moderate-risk populations in RE-LY and ARISTOTLE trials with dabigatran and
apixaban are different from the high-risk population included in the ROCKET-AF trial with
rivaroxaban’ (see Appendix 1; in particular, note that the baseline characteristics of
participants in the ROCKET-AF trial had higher CHADS; scores, were older, and had a
higher incidence of heart failure, hypertension, diabetes and previous stroke than
participants in the other two trials)

» ‘the studies have a different distribution of participating countries, with more patients from
the ROCKET-AF trial being from lower income countries with a lower average level of
TTR, and possibly other differences in the standards of care

» ‘it cannot be excluded that the open-label design of the RE-LY trial may have led to some
advantages concerning individualised warfarin dosing and INR control and disadvantages
concerning blinding of event evaluation compared with the double-blind ROCKET-AF and
ARISTOTLE trials
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» ‘differences in follow-up periods because only the ROCKET-AF trial included events up to
30 days after study medicine discontinuation

» ‘the ROCKET-AF trial prespecified an on-treatment analysis instead of the conventional
intention-to-treat analysis for the primary testing of noninferiority

* ‘the end-of-study treatment differed among the trials: most dabigatran-treated patients in the
RE-LY trial continued with the same blinded dose of the medicine as part of the RELY -
ABLE (Long-Term Multicenter Extension of Dabigatran Treatment in Patients With Atrial
Fibrillation Who Completed RE-LY Trial) trial, whereas there was a switch from the
double-blind study medicine to open-label vitamin K antagonists in the ROCKET-AF and
ARISTOTLE trials’.*

In addition, definitions of the endpoint of major bleeding differed between the trials.**’ The
ROCKET-AF and ARISTOTLE trials allocated patients to the higher strength of the trial
medicine based on renal function (ROCKET-AF), and renal function, age and/or weight
(ARISTOTLE), while the RE-LY trial randomised patients into strengths of dabigatran.

These important differences between the trials should be borne in mind when considering the
tables in this part of the paper. Of particular note are the differences between the ROCKET-AF
trial of rivaroxaban and the other two trials.

The Canadian Agency for Drugs and Technologies in Health (CADTH) conducted a Therapeutic
Review of the NOACs, Safety and Effectiveness of New Oral Anti-coagulants Compared to
Warfarin in Preventing Stroke and Other Cardiovascular Events in Patients with Atrial
Fibrillation (CADTH Review),” which is referred to throughout this part of the paper. This
review does not take into account the impact of any heterogeneity among the trials, and CADTH
caution that these differences should be borne in mind when interpreting the results.
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6 Issues and options for the use of new
oral anticoagulants
6.1 Efficacy of new oral anticoagulants compared to warfarin
The efficacy outcomes of the NOACs compared to warfarin in pivotal trials are shown in
Table 6.1.
Table 6.1  Efficacy outcomes of NOAC trials
Trial . Hazard ratio (HR) or relative risk (RR) (95% confidence interval)
(medicine)  Total stroke and systemic Ischaemic stroke Haemorrhagic stroke Systemic
RR/HR embolism embolism
RE-LY 110 mg 150 mg 110 mg 150 mg 110 mg 150 mg
(dabigatran) 0.90 0.65 111 0.76 0.31 0.26 %9 %9
RR148 (0.74,1.10)  (0.52,0.81)  (0.88,1.39)  (0.59,0.97)  (0.17,0.56)  (0.14,0.49)
ROCKET
. 0.79 (0.66, 0.96)
(rivaroxaban) ) 0.91(0.73,1.27) 0.59 (0.37, 0.93) 0.23(0.09, 0.60
AR ITT: 0.88 (0.75, 1.03) ( )
ARISTOTLE
(apixaban) 0.79 (0.66, 0.95) 0.92 (0.74,1.13) 0.51 (0.35, 0.75) 0.87 (0.44, 1.75)
HR104
ITT = intention to treat; NA = not available
Note: Numbers are bolded where they are statistically significant.
These data show that:
» dabigatran 150 mg was the only agent to demonstrate a statistically significant reduction in
ischaemic stroke compared to warfarin
» dabigatran 110 mg was noninferior to warfarin in relation to total stroke and systemic
embolism
» all the NOACs were associated with a statistically significant reduction in haemorrhagic
stroke.
Table 6.2 shows the number of events that would be caused (positive numbers) or avoided
(negative numbers) per 100,000 patients per year who are put on:
» therapy with warfarin instead of aspirin (based on a meta-analysis)
» therapy with NOACsS instead of warfarin (based on the differences in the event rates from
the individual trials).
Note that these numbers should be treated as indicative only given the heterogeneity among the
trials.
The greatest benefit in stroke/systemic embolism reduction occurs when patients move from
aspirin to warfarin. However, it should be noted that this switch will cause an increase in the rate
of intracranial haemorrhage (ICH).
Further, data from the New Zealand experience with dabigatran use in a clinical (nontrial)
setting demonstrate a 50:50 split of dabigatran 150 mg and dabigatran 110 mg doses.** This
means that the reduction in strokes/systemic embolism with dabigatran compared to warfarin
would be around 390 per 100,000 patients per year in a nontrial setting.
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Statistically significant benefits in the reduction of ischaemic stroke compared to warfarin were
only seen in the dabigatran 150 mg arm of the RE-LY trial.

The difference in the rate of stroke/systemic embolism between the NOACs and warfarin is
driven by difference in haemorrhagic stroke, which is consistent across all trials.

Table 6.2  Absolute risk reduction per 100,000 patients per year (including 95% confidence intervals,
where available)$
Stroke or systemic | Haemorrhagic Ischemic or Mortality Intracranial
embolism stroke unknown stroke | (all causes) haemorrhage
(includes
haemorrhagic,
ischaemic and
unknown stroke)
Warfarin vs aspirina -1400 NA NA -500 +200
Dabigatran 110 mg =170 -260 +130 -370 -510
vs warfarin (440, +170) (=320, -170) (=150, +470) (-830, +120) (=590, —-390)
Dabigatran 150 mg -600 -280 -290 -500 -440
vs warfarin (-820, -320) (=330, -190) (=500, —-40) (=950, 0) (-540, -300)
Dabigatran average -390 =270 -80 -440 -480
usage based on
50:50 split of 110 mg
and 150 mg
Apixaban vs warfarin -340 -230 -80 -430 -460
(-540, -80) (=310, -120) (=270, +140) (=790, -10) (-560, —340)
Rivaroxiban vs -290 -180 -90 -330 -230
warfarin (-600, +70) (-280, -30) (=360, +240) (-60, +40)p (=370, -50)

+ = more events; — = fewer events; NA = not available

a The absolute risk reduction figures for warfarin versus aspirin are indicative only and are based on the results of a meta-analysis,
whereas the absolute risk reduction figures for the NOACs compared to warfarin are based on individual trial results.

b Safety on treatment (as ITT not available).

Note that there is significant heterogeneity between the trials, particularly the ROCKET-AF trial of rivaroxaban.

Sources: Connolly et al (2010),248 Granger et al (2011),104 Patel et al (2011)13®

Table 6.3 shows a similar analysis conducted by CADTH.

S The absolute risk reduction per 100,000 patients per year and associated 95% confidence intervals (Cls) was
calculated using the following method: All estimates of absolute risk reduction and confidence intervals for the NOACs
compared to warfarin are based on results reported in papers that originally reported the research and the absolute risk
reduction is calculated (1 — the relative risk or hazard ratio reported) x 100,000. This is equivalent to a relative risk
improvement per patient per year estimate x 100,000. The Cls are based on the relative risk or hazard ratio Cls reported
in the underlying research. The average dabigatran estimates (point estimate and CIs) are approximate and are a simple
average of the point estimates, and each upper and lower boundary of the Cls (this assumes a 50:50 split of dabigatran
110 mg and dabigatran 150 mg). For warfarin versus aspirin, the absolute risk reduction estimates per 100,000 patients
are based on the absolute risk reduction percentage per year reported in the meta-analysis.
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Table 6.3  Summary of individual study results — absolute risk reduction per 1000 patients treated
each year (95% confidence interval)

Mean Stroke/ Major All-cause Intracranial  Major Myocardial
follow-up  systemic  bleeding mortality  bleeding gastro- infarction
embolism intestinal
bleeding
Apixaban 1.8years 3 fewer 8 fewer 4 fewer 4 fewer 1 fewer 1 fewer
5 mg twice (1 fewer, (6 fewer, (0 fewer, (3 fewer, (1 more, (1 more,
daily 5fewer) 11 fewer) 8 fewer) 5 fewer) 2 fewer) 2 fewer)
Dabigatran 2 years 2 fewer 7 fewer 3 fewer 5 fewer 1 more 2 more
110 mg twice (2 more, (2 fewer, (2 more, (4 fewer, (4 more, (5 more,
daily 4fewer) 11 fewer) 8fewer) 6 fewer) 1 fewer) 0 more)
Dabigatran 2 years 6 fewer 2 fewer 4 fewer 4 fewer 4 more 2more
150 mg twice (3 fewer, (3 more, (0 more, (3 fewer, (8 more, (5 more,
daily 8fewer) 6 fewer) 9 fewer) 5 fewer) 1 more) 0 more)
Rivaroxaban 19years  3fewer 1 more 4 fewer 3 fewer 8 more 2 fewer
20 mg twice ITT (1 more, (6 more, (2 more, (1 fewer, (13 more, (1 more,
daily é-g%/eafs 6fewer) 3 fewer) 8 fewer) 4 fewer) 4 more) 4 fewer)

ITT = intention-to-treat; SOT = safety on treatment
Source: CADTH Review!4?

Safety of new oral anticoagulants compared to warfarin

The TGA Safety Advisory (5 October 2011) Dabigatran (Pradaxa): Risk of Bleeding Relating
to Use advised that “in clinical trials the risk of bleeding (major or minor) per year of treatment
with dabigatran was 16.6% (1 in 6 patients) when taking 150 mg twice daily, and 14.7% (1 in

6.8 patients) taking 110 mg twice daily) compared to 18.4% (1 in 5.4 patients) for warfarin’.*>

However, as shown in Table 6.4, the distribution of types of bleeding events is different between
the NOACs and warfarin. All NOACs showed lower rates of ICH than warfarin, while
dabigatran and rivaroxaban showed higher rates of gastrointestinal bleeding than warfarin.

Table 6.4  Odds ratios for bleeding events — NOACs compared to warfarin (95% confidence interval)

Event Odds ratio
RE-LY (dabigatran) ROCKET-AF ARISTOTLE
110 mg 150 mg (rivaroxaban)a (apixaban)

Major bleeding 0.80(0.70,0.93)  0.93(0.81,1.07)  1.04(0.90,120)  0.69 (0.60, 0.80)

Major gastrointestinal 1.08 (0.85,1.38)  1.48(1.18, 1.85) 1.60 (1.29, 1.98) 0.88 (0.67, 1.14)
bleeding

Intracranial haemorrhage 0.30(0.19,0.45)  0.41(0.28, 0.60) 0.65 (0.46, 0.92) 0.42 (0.30, 0.58)
All-cause mortality 0.91(0.80,1.03)  0.88(0.77, 1.00) 0.92 (0.82, 1.04) 0.89 (0.79, 0.997)

a Safety on treatment
Note: Numbers are bolded where they are statistically significant.
Sources: Connolly et al (2010),248 Granger et al (2011),104 Patel et al (2011)138

As shown in Table 6.4, there was a statistically significant increase in major gastrointestinal
bleeding with both dabigatran 150 mg and rivaroxaban compared to adjusted-dose warfarin.
There was a statistically significant reduction in major bleeding with both dabigatran 110 mg
and apixaban compared to warfarin. Apixaban also demonstrated a statistically significant
reduction in all-cause mortality compared to warfarin. It is uncertain if the concomitant use of
nonsteroidal anti-inflammatory medicines in patients receiving NOACs (particularly those
receiving dabigatran or rivaroxaban) will exhibit a greater degree of gastric bleeding.
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As shown in Table 6.4, the reduction in ICH is a consistent finding across all the pivotal trials of
the NOACs, and this was raised as a key benefit in a number of submissions.? * 1% %34 Whether

the magnitude of reduction in ICH would be reduced by an improvement in TTR, especially due
to a reduction in INR values above three, is unknown.

The National Stroke Foundation stated that “not all bleeding events are clinically equivalent and
clinicians may be most concerned with the small but important incidence of ICH”.*

The underlying mechanism for the variations in sites of bleeding with different anticoagulants
has not been established, although a number of theories have been put forward, particularly in
regard to the reduction in ICH (some of these are discussed in Section 4.6).

An issue raised by the National Stroke Foundation was the “high concomitant aspirin use’
(which is known to increase bleeding, including ICHs, with all anticoagulant therapy) in these
trials, which the National Stroke Foundation described as ‘unusual and probably important’.*

6.2.1 Safety data from regulatory agencies

The Institute for Safe Medication Practices produces details of adverse event cases reported to
the United States Food and Drug Administration (FDA). The institute recently reported that
dabigatran “accounted for 3781 domestic, serious adverse events overall in 2011 (both
manufacturer and direct reports), including 542 patient deaths. It surpassed all other regularly
monitored drugs in reports of haemorrhage (2367 cases), acute renal failure (291), and stroke
(644). It was also suspect in 15 cases of liver failure’.** In this same period (2011), warfarin
ranked second highest in terms of number of adverse events reported to the regulatory agency,
and it accounted for 1106 cases overall in 2011, including 72 deaths.*>*

The limitations of spontaneous adverse event reporting data must be emphasised and the
reporting biases inherent in this type of data are well established. The report stated that the
difference in the number of events reported with dabigatran compared to those reported for
warfarin ‘could be at least be partly explained by differences in the reporting rate for an older
generic drug with many manufacturers, and a newly launched brand name drug being promoted
by a large sales force. What is clear, however, is that the FDA’s system is receiving a strong
signal about this safety issue. A large share of the dabigatran reports (79%) come from health
professionals, suggesting that despite this well-known drug risk, the bleeding was unexpected or

unusually severe’.**

Further, the report stated that ‘the primary feature of dabigatran that has helped its rapid uptake
into the market has been the perception that it is easier to use than warfarin... Whether
anticoagulation can be managed safely without individualizing the dose remains an unanswered
question’.’>* These types of sentiments were also raised in a number of submissions to the
review.53’ 79, 88, 152

The FDA is currently evaluating postmarketing reports of bleeding events in patients taking
dabigatran.

The European Medicines Agency’s Committee for Medicinal Products for Human Use assessed
the available data on dabigatran and found that the frequency of occurrence of fatal bleedings
with dabigatran seen in postmarketing data ‘was significantly lower than what was observed in
the clinical trials that supported the authorisation of the medicine, but considered that this issue
should nonetheless be kept under close surveillance’.*®* The committee recommended an update
to the European patient and prescriber information for dabigatran to provide clearer guidance to
doctors and patients on how to reduce and manage the risk of bleeding associated with
dabigatran.
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Clinical (nontrial), postmarket surveillance data are not yet available for rivaroxaban and
apixaban.

Factors impacting on safety and efficacy of new oral anticoagulants
compared to warfarin

A number of analyses (including the CADTH Review) have investigated the impact of various
factors on the relative efficacy of the NOACs compared to warfarin, such as the quality of
warfarin management in the control arm and patient characteristics such as age, renal
impairment and stroke/bleeding risk.

6.3.1 Impact of trial centre’s average TTR on efficacy and safety of NOACs

compared to warfarin

A subgroup analysis of the RE-LY trial analysed the efficacy and safety of dabigatran in relation
to each trial centre’s mean time in therapeutic range (cTTR) for the warfarin population.™
Individual patient TTR levels are not available, although these would have been informative.
The analysis found no significant interaction between cTTR and the prevention of stroke and
systemic embolism, or between cTTR and the incidence of ICH. However, a significant
outcome-by-cTTR interaction was observed for major bleeding events (for the 150 mg twice-
daily dose), total mortality and on the composite of all cardiovascular events.**®

These statistically significant interaction terms indicate that the advantages of dabigatran for
these outcomes compared to warfarin were greater at trial sites with poor international
normalised ratio (INR) control than those with better control, indicating that local standards of
care can affect the relative risks and benefits of dabigatran versus warfarin.

Although the outcome-by-cTTR interaction for stroke/systemic embolism is not statistically
significant, the hazard ratio for the 150 mg twice-daily dose versus warfarin is statistically
significant for cTTR values up to 65.5%, but not at TTR values > 65.5%. Tables 6.5 and 6.6
show the hazard ratios for various endpoints as a function of cTTR from the RE-LY trial for
dabigatran 150 mg and 110 mg, respectively.

Table 6.5  Hazard ratios (with 95% confidence intervals) for various endpoints as a function of cTTR

for dabigatran 150 mg from RE-LY?5%

CTTR (%)

Stroke/systemic
embolism

Mortality

Composite
efficacye

Major bleeding

Intracranial
haemorrhage

<57.1
57.1-65.5
65.5-72.6
>72.6

0.57(0.37,0.88
0.50 (0.33, 0.77
0.69 (0.44, 1.09
0.95(0.61, 1.48

T —

0.67 (0.53, 0.85
0.92(0.71, 1.18
0.98 (0.75, 1.28
1.08 (0.81, 1.44

= =

0.64 (0.50, 0.80
0.80 (0.62, 1.04
0.94(0.72,1.22
1.19 (0.90, 1.57

—_— T T

0.71
0.81
1.13
1.16

0.52, 0.96
0.62, 1.05
0.87,1.48
0.88, 1.54

—_ = =
D = =

0.53(0.25, 1.15
0.45(0.24, 0.88
0.35(0.15, 0.82
0.39(0.18, 0.84

D o =

Interaction
P-value

0.20

0.052

0.006

0.03

0.89

cTTR = centre’s mean time in therapeutic range

a Composite of stroke, systemic embolism, pulmonary embolism, cardiovascular death and myocardial infarction.
Note: Numbers are bolded where they are statistically significant.
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Table 6.6  Hazard ratios (with 95% confidence intervals) for various endpoints as a function of cTTR
for dabigatran 110 mg from RE-LY?%
CTTR (%) Stroke/systemic Mortality Composite Major bleeding Intracranial
embolism efficacye haemorrhage
<57.1 1.00 (0.68, 1.45)  0.73(0.58,0.92)  0.83(0.67,1.04)  0.65(0.48,0.89)  0.43(0.19, 1.00)
57.1-65.5 0.81(0.56,1.17)  0.97 (0.75,1.24)  0.99(0.78,1.27)  0.82(0.63,1.06)  0.31(0.15, 0.66)
65.5-72.6 0.89(0.58,1.36)  0.86 (0.65, 1.13)  0.97(0.74, 1.25)  0.83(0.62, 1.11)  0.20 (0.07, 0.58)
>72.6 0.92 (0.59, 1.45)  1.18(0.89,1.57)  1.27(0.97,1.67)  0.90(0.67,1.21) ~ 0.27 (0.11, 0.66)
Interaction 0.89 0.066 0.14 0.50 0.71
P-value

cTTR = centre’s mean time in therapeutic range
a Composite of stroke, systemic embolism, pulmonary embolism, cardiovascular death and myocardial infarction.

Data for the outcomes from the ARISTOTLE trial of apixaban as a function of cTTR are also
available and are presented in Table 6.7.**° No significant outcome-by-cTTR interaction was
observed in the outcomes below; however, a significant interaction was observed for the
endpoint of major and clinically relevant bleeds.*®

Table 6.7  Hazard ratios (95% confidence interval) for various endpoints as a function of cTTR for
apixaban from ARISTOTLE ¢
CTTR (%) Stroke/systemic Mortality Composite Major bleeding Haemorrhagic
embolism efficacye strokeb

<58 0.77 (0.56, 1.06)  0.83(0.68,1.03)  0.81(0.67,0.97)  0.53(0.39,0.72)  0.52(0.27, 1.00)
58-65.7 0.80(0.56, 1.15)  0.91(0.73,1.12)  0.93(0.77,1.12)  0.60(0.43,0.82)  0.35(0.16, 0.75)
65.7-72.2 0.79(0.54,1.13)  0.84(0.68, 1.05)  0.85(0.71,1.03)  0.93(0.71,1.21)  0.72(0.35, 1.47)
>72.2 0.81(0.52,1.26) 1.04(0.82,1.33)  0.96(0.79,1.18)  0.72(0.55,0.93)  0.50 (0.15, 1.66)
Interaction 0.29 0.39 0.27 0.10 051
P-value

cTTR = centre’s mean time in therapeutic range

a Composite of stroke, systemic embolism, death and myocardial infarction.

b Haemorrhagic stroke is reported here (cf. intracranial haemorrhage in Tables 6.5 and 6.6)
Note: Numbers are bolded where they are statistically significant.

The available data for rivaroxaban also demonstrated no significant outcome (total stroke) by
CTTR.

The CADTH Review reported on the absolute risk reduction for particular outcomes per 1000
patients treated per year with each of the NOACSs, by cTTR less than 66% and by cTTR greater
than or equal to 66%; the results are shown in Table 6.8. For example, the table shows that, per
1000 patients treated with apixaban 5 mg twice daily per year (compared to being treated with
warfarin in a centre with an average TTR less than 66%) there would be four fewer
strokes/systemic emboli (with a 95% confidence interval of between nil and seven fewer
strokes/systemic emboli).

The report found that for stroke/systemic embolism:

» for cTTRs less than 66%, the absolute risk reduction ranged from 2 to 9 fewer
strokes/systemic emboli per 1000 patients treated in a year, but was only statistically
significant for dabigatran 150 mg

» for cTTRs greater than or equal to 66% the absolute risk reduction of stroke/systemic
embolism ranged from one to five fewer per 1000 patients.
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The report found that for major bleeding:

» for cTTRs less than 66%, the absolute risk reduction ranged from two to eleven fewer major
bleeds per 1000 patients treated in a year, with apixaban and both strengths of dabigatran
showing a statistically significant outcome compared to warfarin

» for cTTRs greater than or equal to 66%, the absolute risk reduction for major bleeding
ranged from 11 more to 6 fewer major bleeds per 1000 patients treated in a year, but was
only statistically significant for apixaban.

Table 6.8  Summary of individual study results by TTR — absolute risk reduction per 1000 patients
treated each year (95% confidence interval)

NOAC and Reference case TTR <66% TTR 266%
dosage Stroke/ Major Stroke/ Major Stroke/ Major
systemic bleeding systemic bleeding systemic bleeding
embolism embolism embolism
Apixaban 3 fewer 8 fewer 4 fewer 11 fewer 3 fewer 6 fewer
5 mg twice (1 fewer, (6 fewer, (0 more, (8 fewer, (1 more, (0 more,
daily 5fewer) 11 fewer) 7 fewer) 14 fewer) 5 fewer) 10 fewer)
Dabigatran 2 fewer 7 fewer 2 fewer 9 fewer 1 fewer 4 fewer
110 mg twice (2 more, (2 fewer, (4 more, (3 fewer, (3 more, (2 more,
daily 4 fewer) 11 fewer) 6 fewer) 14 fewer) 5 fewer) 10 fewer)
Dabigatran 6 fewer 2 fewer 9 fewer 9 fewer 3 fewer 5 more
150 mgtwice (3 fewer, (3 more, (5 fewer, (2 fewer, (2 more, (13 more,
daily 8 fewer) 6 fewer) 12 fewer) 14 fewer) 6 fewer) 2 fewer)
Rivaroxaban 3 fewer 1 more 3 fewerd 2 fewer 5 fewerd 11 more
20 mg twice (1 more, (6 more, (0 more, (3 more, (2 more, (25 more,
daily 6 fewer) 3 fewer) 6 fewer) 6 fewer) 10 fewer) 0 more)

TTR =time in therapeutic range
a Safety of treatment population for rivaroxaban subgroups — intention-to-treat data were not available for TTR subgroups.
Source: CADTH Review!#

KEY ISSUE: The absolute risk change of stroke/systemic embolism per 1000 patients treated
for a year declines from -2 to -9 at a cTTR less than 66% to —1 to -5 at a cTTR greater than or
equal to 66%, indicative of a lack of TTR-stroke/systemic embolism interaction. However there
is a trend towards a declining benefit with improved cTTR.

The absolute risk change for major bleeding per 1000 patients treated for a year declined from -—
2to—-11at TTR less than 66% to —6 to —11 at TTR greater or equal to 66%. These analyses
indicate that overall the reduction in major bleeding observed in the pivotal trials is dependent
on the cTTR and improvement in the TTR removes the evidence of benefit for this outcome.

6.3.2 Impact of patient stroke and bleeding risk on efficacy and safety of NOACs
compared to warfarin

In clinical judgment regarding the use of anticoagulants, there is a balance between the
consideration of reducing the incidence of ischaemic strokes and systemic embolism, and the
increasing risk for ICH caused by anticoagulation.

There is a strong correlation between the CHADS; score and the rate of stroke and systemic
embolism, with a 1.5-fold increase with every one point increase in CHADS; for patients not
receiving anticoagulants (see Section 2, Table 2.3).
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A subgroup analysis of the RE-LY trial data investigated the impact of the CHADS, score on
clinical outcomes.™* The rates of stroke or systemic embolism, major and intracranial bleeding,
and vascular and total mortality increased as the CHADS; score increased in all arms of the trial.
For stroke and systemic embolism, the 150 mg twice-daily dose of dabigatran was superior to
warfarin at all CHADS; scores, while both doses of dabigatran were superior to warfarin in
regard to ICH across all CHADS; risk groups.

A similar analysis was conducted for apixaban, which found that apixaban was only statistically
significantly superior to warfarin in the reduction of stroke/systemic embolism at CHADS;
scores of three or more. At all levels of CHADS; scores, apixaban was statistically significantly
superior to warfarin for the outcome of major bleeds, but was not statistically significantly
superior to warfarin for all-cause mortality at any of the levels of the CHADS; score reported.**

Banjeree et al calculated the net clinical benefit, balancing the risk of ischaemic stroke and the
risk of ICH, in patients at varying levels of stroke risk (measured by CHADS; and CHA;DS—
VASc) and bleeding risk (HAS-BLED).™® The modelling analysis used patient data from the
Danish National Patient Registry and outcome data from the recent clinical trials of the NOACs.

|156

The Banerjee et al™® model found that:

» when both the risk of stroke and bleeding are high, all the NOACs are superior to warfarin in
terms of net clinical benefit

* in patients with CHADS; or CHA,DS,-VVASc scores of greater than or equal to one or two,
respectively, the three NOACS appear better than warfarin for net clinical benefit, regardless
of risk of bleeding. This is likely to be predominately due to the reduction in ICH seen with
all three NOAC:s.

Note that this model only accounted for ischaemic and haemorrhagic strokes. Outcomes may
have been different if other outcomes, such as major bleeding, were included.

The CADTH Review summarised the absolute risk reduction for particular outcomes per 1000
patients treated per year with each of the NOACSs, using patients with CHADS;, score less than
two, and CHADS; score of two or more_(Table 6.9).

Note that the ROCKET-AF trial of rivaroxaban only included patients that had a CHADS,score
of two or more.

The report found that for stroke/systemic embolism:

» for CHADS; less than two the absolute risk reduction ranged from nil to four fewer
strokes/systemic emboli per 1000 patients treated in a year, but was only statistically
significant for dabigatran 150 mg

» for CHADS, greater than or equal to two, the absolute risk reduction of stroke/systemic
embolism ranged from two to six fewer strokes/systemic emboli per 1000 patients treated in
a year, and was statistically significant for apixaban and dabigatran 150 mg.

The report found that for major bleeding:

» for CHADS; less than two the absolute risk reduction ranged from seven to ten fewer major
bleeds per 1000 patients treated in a year; the dabigatran 150 mg results were not
statistically significant

» for CHADS, greater than or equal to two the absolute risk reduction ranged from one more
to eight fewer major bleeds per 1000 patients treated in a year; apixaban was the only agent
that showed a statistically significant result.
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Table 6.9  Summary of individual study results by CHADS; score — absolute risk reduction per 1000
patients treated each year (95% confidence interval)

NOAC and Reference case CHADS; <2 CHADS; 22
dosage Stroke/ Major Stroke/ Major Stroke/ Major
systemic | bleeding systemic bleeding systemic bleeding
embolism embolism embolism
Apixaban 3 fewer 8 fewer 1 fewer 9 fewer 4 fewer 8 fewer
5 mg twice (1 fewer, (6 fewer, (3 more, (5 fewer, (1 fewer, (4 fewer,
daily 5 fewer) 11 fewer) 4 fewer) 13 fewer) 7 fewer) 12 fewer)
Dabigatran 2 fewer 7 fewer 0 more 10 fewer 2 fewer 5 fewer
110 mg twice | (2 more, (2 fewer, (6 more, (3 fewer, (2 more, (1 more,
daily 4 fewer) 11 fewer) 4 fewer) 15 fewer) 6 fewer) 10 fewer)
Dabigatran 6 fewer 2 fewer 4 fewer 7 fewer 6 fewer 0 more
150 mg twice | (3 fewer, (3 more, (0 more, (1 more, (3 fewer, (7 more,
daily 8 fewer) 6 fewer) 7 fewer) 12 fewer) 9 fewer) 5 fewer)
Rivaroxaban 3 fewer 1 more 3 fewerd 1 more2
20 mg twice (1 more, (6 more, NA NA (1 more, (6 more,
daily* 6 fewer) 3 fewer) 7 fewer) 3 fewer)

NA = not available

a Safety of treatment population for rivaroxaban subgroups — intention to treat data were not available for CHADS: subgroups.
Source: CADTH Review!4

6.3.3 Impact of age on efficacy and safety of new oral anticoagulants compared to
warfarin

In its Safety Advisory of 3 November 2011, TGA noted that being over 75 years old is a risk
factor for bleeding with dabigatran.™ This increased bleeding risk in the elderly was also raised
as an issue in a number of submissions,* **” and is particularly important since approximately
50% of patients with AF are over 75 years old.**’

The Australian product information for dabigatran states that 110 mg twice daily should be used
in patients over 75 years old to prevent strokes in patients with AF and at least one other risk
factor for stroke.'*®

The CADTH Review summarises the absolute risk reduction for particular outcomes per 1000
patients treated per year with each of the NOACSs by age (< 75 years old or > 75 years old)
(Table 6.10).
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Table 6.10 Summary of individual study results by age — absolute risk reduction per 1000 patients
treated each year (95% confidence interval)

NOAC and Reference case Age <75 Age 275
dosage Stroke/ Major Stroke/ Major Stroke/ Major
Systemic  bleeding  systemic bleeding systemic bleeding
embolism embolism embolism
Apixaban 3 fewer 8 fewer 2 fewer 6 fewer 6 fewer 15 fewer
5 mg twice (1 fewer, (6 fewer, (1 more, (2 fewer, (1 fewer, (8 fewer,
daily 5 fewer) 11fewer) 4 fewer) 8 fewer) 10 fewer) 21 fewer)
Dabigatran 2 fewer 7 fewer 1 fewer 11 fewer 2 fewer 1 more
110 mg twice (2 more, (2 fewer, (3 more, (7 fewer, (4 more, (10 more,
daily 4fewer)  1lfewer) 4 fewer) 15 fewer) 7 fewer) 7 fewer)
Dabigatran 6 fewer 2 fewer 5 fewer 9 fewer 7 fewer 8 more
150 mg twice (3 fewer, (3 more, (2 fewer, (4 fewer, (2 fewer, (18 more,
daily 8 fewer) 6fewer) 7 fewer) 13fewer) 11 fewer) 0 more)
Rivaroxaban 3 fewer 1 more 1 fewer 2 fewer 6 fewer 5 more
20 mg twice (1 more, (6 more, (5 more, (4 more, (1 more, (14 more,
daily 6 fewer) 3fewer) 6 fewer) 8 fewer) 11 fewer) 2 fewer)

Source: CADTH Review?!4?

Similar to the CADTH analysis, a significant treatment-by-age interaction for major bleeding
was also observed in a subanalysis of the RE-LY (dabigatran) trial population data:

» dabigatran 110 mg twice daily compared to warfarin was associated with a lower risk of
major bleeding in patients less than 75 years old and a similar risk in those over 75 years old

» dabigatran 150 mg twice daily compared to warfarin was associated with a lower risk of
major bleeding in those aged less than 75 years and a trend towards a higher risk of major
bleeding in those over 75 years old

» the interaction-by-age was also seen for extracranial bleeding but not for intracranial bleeds,
which were reduced independent of age for both doses of dabigatran.**°

Recent data on the clinical (nontrial) use of dabigatran in New Zealand (in the six-month period
July to December 2011) shows that 78% of patients receiving 110 mg twice daily are over

75 years old while only 20% of those receiving 150 mg twice daily are over 75 years old.'*
Further, patients over 75 years old represented 50% of the total number of patients receiving
dabigatran. These data indicate that prescribers are favouring the use of the lower dose in
patients over 75 years old. Based on the analyses by Eikelboom et al**° and the CADTH
Review, this would indicate that in regard to this cohort of patients (> 75 years old), the benefit
of a reduction in major extracranial bleeding compared to warfarin reported in the overall RE-
LY population may not be seen. The New Zealand experience to date indicates that patients
receiving dabigatran are older than those patients in the pivotal trials — the mean age was 71
years in RE-LY, 73 years in ROCKET-AF and 70 years in ARISTOTLE.

KEY ISSUE: Further exploration of the place in therapy of the 110 mg twice-daily dose of
dabigatran may be required. The data above indicates that the use of 110 mg twice daily in
patients 75 years old and over leads to a nonsignificant outcome for both stroke/systemic
embolism and major bleeding compared to warfarin. The benefit in regard to ICH remains.
Further, the use of dabigatran 150 mg twice daily in patients 75 years old and over leads to a
reduction in stroke/systemic embolism but an increase in major bleeding compared to warfarin.
This contrasts to data from the ARISTOTLE trial of apixaban, which indicated no influence of
age on either stroke risk or major bleeding compared to warfarin.
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KEY ISSUE: Some of the reported benefits of NOACSs versus warfarin could be modified by
certain factors including TTR and age (i.e. > 75 years old). Thus, the actual magnitude of the
reported overall net benefits of NOACs in practice may be different from those observed in the
trials, particularly if the TTR is higher (as exhibited by Australian participants in the trials) and
if the average age of patients is greater. This remains an area of uncertainty. However, a
consistent observation, independent of potential identified confounders, is the lower rate of ICH
seen with the new agents and is perhaps the outcome of greatest certainty.

KEY ISSUE: Some further exploration is required, such as the extent to which an improvement
in TTR and use in a population older than the one used in the pivotal trials will influence the
various outcomes and impact any changes may have on the cost-effectiveness of the NOACs.

6.3.4 Impact of renal function

Dabigatran is predominately cleared by renal excretion (80%) unlike warfarin, which is 100%
cleared by the hepatic metabolism. This means that dabigatran blood levels will be influenced
by the extent of renal impairment and a number of submissions raised the issue that careful
consideration of renal function will be required before prescribing dabigatran. # 1% 33 7982

On 3 November 2011, the TGA issued advice to health professionals and consumers that,
“following further evaluation of international reports of bleeding with Pradaxa®, new
recommendations for assessing kidney function before starting this medicine and during its use
are now in place’ and the summary of these new recommendations is provided in Box 6.1.*°

Box 6.1 Dabigatran (Pradaxa’ ) and the risk of bleeding: new recommendations for monitoring
kidney function

Summary of the new recommendations:
» Kidney function should be assessed in all patients before beginning dabigatran therapy.
» Patients with severe kidney impairment (i.e. CrCL < 30 mL/min) should not take dabigatran.

*  While on treatment, kidney function should be assessed in clinical situations where a decline in
kidney function is suspected. Such situations include low blood volume, dehydration and when
certain medications are taken at the same time.

* In elderly patients (> 75 years old) or in patients with moderate kidney impairment, kidney
function should be assessed at least once a year.

» Kidney function should be assessed by measuring the CrCL.
Source: TGA Safety Advisory of 3 November 2011

The Australian product information for dabigatran states that “in patients with moderate renal
impairment (CrCL 30-50 mL/min) a reduced daily dose of 220 mg given as a 110 mg capsule
twice daily may be considered’; this is to reduce the incidence of bleeding.**®

However, the FDA noted that patients with poor renal function (glomerular filtration rate 30—
50 mL/min) have a similar bleeding risk independent of dosage, but have an increased incidence
of stroke and systemic embolism at dosages 0f110 mg twice daily compared to 150 mg twice
daily. This suggests that reducing the dabigatran dosage from 150 mg twice daily to 110 mg
twice daily in patients with renal impairment may not reduce the bleeding risk, but does reduce
the efficacy in regard to the primary outcome.

One submission noted that, in New Zealand, a number of cases of haemorrhage in patients on
dabigatran were in patients who were overdosed because of renal impairment.™’
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6.3.5 Estimation of renal function

A number of submitters felt that, in some cases, appropriate estimation of renal function may be
an issue; for example, in patients with low body weight™’ or where renal function is not
appropriately calculated by prescribers (pathology renal function results need to be adjusted for
the patient’s age, weight and height, by using calculations such as the Cockcroft-Gault
formula).®

A patient’s renal function may change over time, particularly in elderly patients who may
experience gradual deterioration of renal function, potentially leading to intrapatient variability
in response to NOACs. Because medicine and/or coagulation measures are not monitored with
NOACsS, declining renal function may not be identified until the patient’s next renal function
test, which — according to the TGA guidelines — would be once per year. In the ROCKET-AF
trial, patients randomised to rivaroxaban received the lower dose if their renal function was

< 50 mL/min.*®® Similarly, in the ARISTOTLE trial, patients randomised to apixaban received
the lower dose if they had two or more of the following risk factors: reduced renal function, age
> 80 years and/or weight < 60 kg.'%*

KEY ISSUE: The impact of declining renal impairment, which results in increased systemic
exposure of dabigatran, on stroke prevention and haemorrhagic risk requires further
investigation and seems to be confounded by other factors.

Patients who are on a lower dosage of dabigatran (110 mg twice a day) appear to have a similar
bleeding risk as patients receiving 150 mg twice daily, particularly for patients with a moderate
degree of renal impairment despite the lower systemic exposure.

Public comments on the impact of renal function on bleeding risk and recommendations
regarding dosage in patients with renal impairment are not strongly supported by data from the
RE-LY trial. Further, the impact of systemic exposure on the stroke/systemic embolism outcome
in patients with renal impairment is also uncertain and requires further investigation.

KEY ISSUE: Care is required when considering beginning NOAC treatment in patients who
may have reduced renal function, and this involves appropriate calculation of a patient’s renal
function.
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OPTIONS AND QUESTIONS FOR THE REVIEW

Options for optimising safety and efficacy

* Investigate the relationship between renal function and bleeding risk and stroke risk
reduction, with a view to better understand the relationship between systemic
exposure and clinical outcomes. The aim will be to improve use in the elderly
population, who have decreasing renal function.

» Development and promotion of clinical guidelines in relation to the use of NOACs in
patients with, or at risk of, reduced renal function.®® This could include overall clinical
education strategies to improve awareness and use of the appropriate calculation of a
patient’'s glomerular filtration rate, potentially through integrating the formula into
user-friendly interfaces such as prescriber software.

Focus questions

25. Is the dabigatran dose—response (efficacy and safety) in patients with impaired
renal function expected? What factors may be influencing the observation that
similar systemic exposure gives different outcome rates? Is this dose—-response
relationship likely to occur with other NOACs?

26. Does reducing the dose of dabigatran in patients with impaired renal function
reduce the major bleeding rate compared to warfarin?
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6.4

Monitoring new oral anticoagulants
6.4.1 Regular monitoring

A number of submissions discussed that an advantage of the NOACS is that regular monitoring
of their therapeutic effect is not required.?* 563 73. 7879, 81, 96-99, 117, 161-162 Thjs a5 jdentified as
being of particular advantage in some groups of patients, including patients for whom warfarin
INR monitoring may limit work opportunities,® patients with poor venous access, rural patients
and patients who are travelling.

6.4.2 Validated test for anticoagulation intensity

In contrast to warfarin, at present there is no routinely available, validated test that will allow
estimation of over/under-anticoagulation for the NOACSs. This may be important since
effectiveness will depend on renal function (in particular dabigatran), medicine interactions (all
agents) and patient compliance (all agents). Other situations in which monitoring would be of

clinical benefit are in overdose or serious bleedin ,64’162 emergency surgery’® 8 or in patients at
y y
the extremities of size.®2

Some coagulation assays have been identified that provide a linear, dose-dependent correlation
to the plasma concentration of the specific anticoagulant, such as the HEMOCLOT Thrombin-
Inhibitors assay for dabigatran.’®®> However, a relationship such as what exists between INR
and clinical outcome for warfarin has not been established or validated for the new agents.*®® In
particular, there has been no guidance published linking plasma concentration levels of the
NOACGCs to set therapeutic ranges and/or bleeding risk ranges.**® Further limitations associated
with these assays are lack of commercial availability for some of the assays, lack of
standardisation and lack of validation.'®®

In an editorial, the chairman of the Board of the Dutch Federation of Anticoagulation Clinics
stated that ‘it is becoming more and more apparent that the absence of proper lab tests (as well
as the lack of antidotes) is a major hurdle in the safe introduction of NOACs.*®’

Measuring INR is an extremely useful tool to monitor extent of anticoagulation in an individual
patient. A low INR may indicate, for example, poor compliance or increased dosage
requirements; an elevated INR indicates the increased probability of the patient having a
bleeding event and appropriate action can be taken (dose omission(s) or dosage reduction) to
reduce that probability.

6.4.3 Switching between anticoagulants

Clinical guidelines on the use of anticoagulants in AF would need to include recommendations
for switching between anticoagulation agents. This issue was been highlighted in the ROCKET-
AF trial of rivaroxaban, where a greater number of strokes/systemic emboli were recorded in
people switching from rivaroxaban to warfarin at the end of the trial.**®

KEY ISSUE: Although the absence of the need for monitoring the NOACs is seen as a
significant advantage for patients in regard to convenience, the absence of a validated surrogate
for the extent of anticoagulant control and bleeding risk with NOACs can also be seen as a
disadvantage. This is particularly the case early in the life cycle of the medicine where patient
selection, including comorbidities and polypharmacy, may be different from the trial population.
There is currently no available measure to monitor an individual patient on NOACs for under-
or over-anticoagulation. This may also be an issue in cases of bleeding, overdose, or where
emergency surgery or switching between agents is required, particularly as there is no clinically
proven antidote to reverse the effects of the new agents.
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6.4.4 Variability in response to new oral anticoagulants

Medicine interactions

Many of the reported medicine interactions for the NOACSs involve medicines that are common
with those reported with warfarin. With NOACS start to have wider clinical use, other medicine
interactions will be identified, but in the absence of a suitable, easily monitored surrogate
measure, these interactions will not be identified until adverse reactions are seen (i.e. strokes and
bleeding). At this stage, there is no ‘efficacy or toxicity safety signal” — like there is with
warfarin — to identify patients who may be at greater risk. For example, if an INR is high in the
absence of bleeding, preventative measures such as dosage reduction, cessation or vitamin K
administration can be undertaken, thereby reducing the bleeding risk.

Submissions identified that dabigatran has the potential for significant interactions with multiple
medicines (e.g. P-glycoprotein inhibitors)." **> %7 In particular, submitters raised that
dabigatran interacts with amiodarone and verapamil, which are both commonly used cardiac
medicines 2 1t 7% 12

Rivaroxaban and apixaban also interact with CYP3A4 inhibitors and inducers, and P-
glycoprotein inhibitors.

The pharmacodynamic interactions reported with currently available anticoagulants have also
been reported with the NOACSs, with increased bleeding observed when NOACs were
concomitantly taken with antiplatelets and nonsteroidal anti-inflammatory medicines.**® Note
that the RE-LY (dabigatran) trial protocol strongly discouraged the use of concomitant
nonsteroidal anti-inflammatory medicines,*® while the ROCKET-AF trial protocol prohibited
the long-term (i.e. more than two weeks) use of concomitant nonsteroidal anti-inflammatory
medicines.*® As previously mentioned, data from the Australian Government Department of
Veterans® Affairs indicate that around 30% of veterans with AF are taking nonsteroidal anti-
inflammatory medicines or COX-2 inhibitors (unpublished data, Veterans’ Medicines Advice
and Therapeutics Education Services, University of South Australia, Adelaide, 2012)

A number of submitters also raised that the effects of concomitant medicines on the NOACs
have not been studied as extensively as they have for warfarin,** *** and that this is a ‘particular

problem for people taking many medications, a group not included in the clinical trials’.*>

Patient compliance and adherence

Warfarin is administered once daily. A number of submissions raised that twice-daily dosages
(as required for apixaban and dabigatran) requires increased patient adherence.? 8 % 152 The
Cardiac Society of Australia and New Zealand discussed that several studies have found that
compliance declines as dosage frequency increases.?

In its submission, the Cardiac Society of Australia and New Zealand stated that it should be
noted that non-adherence to medication is widespread and that these issues are not unique to
warfarin, as experience with antihypertensive medicines over many years has shown. It is worth
noting that many factors identified as associated with suboptimal compliance in general are also
likely to impact adversely upon treatment adherence with anticoagulant drugs’.?

An issue that was raised in a number of submissions is that dabigatran should not be repackaged
into dose-administration aids or unit-dose systems (e.g. in hospitals),* *® because if exposed to
moisture, the capsules have the potential to lose potency.

The Society of Hospital Pharmacists of Australia also raised an issue with dabigatran in that the
‘administration method can have a significant impact on clinical effect and bleeding times, for
example if the patient spreads the contents of the capsule onto food there is an increased

anticoagulant effect’.>® The capsule shell must be left intact.**® This will be relevant to patients
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with dysphagia who may require crushing of medication or removal of the capsule content
before administration.

Dabigatran has been reported to cause dyspepsia in a significant number of patients and has
been reported as a common reason for discontinuation.™* "

The National Stroke Foundation discussed the NOAC discontinuation rates seen in the key
pivotal trials. Table 6.11 presents a summary of these trial discontinuation rates.

Table 6.11 Summary of patient discontinuation rates in the pivotal trials for the new agents

Dabigatran13? Rivaroxabant™ Apixaban104
(RE-LY) (ROCKET-AF) (ARISTOTLE)
Warfarin 16.6% 34.6% 27.5%
discontinuation rate
Trial agent 110mg | 150 mg
discontinuation rate 20.7% 21.2% 35.4% 25.3%
Notes:

1. The higher patient discontinuation rates in the ROCKET-AF trial are likely due to the higher risk population enrolled in this trial.
2. There are key differences between the trials, so it is difficult to compare across the trials. For example, the trial of rivaroxaban enrolled
patients at higher stoke risk.

KEY ISSUE: There are multiple medicine interactions with the NOACSs that need to be
managed. Further (as discussed earlier), there is no readily available, clinically validated marker
to measure clinical response to interactions, and clinical trial populations may not accurately
reflect the community use of concomitant medicines.

KEY ISSUE: Availability of newer agents may not necessarily lead to significant
improvements in patient compliance and adherence to anticoagulant therapy. Poor compliance
will not be able to be identified as a potential reason for under-anticoagulation by a readily
available test such as INR.

KEY ISSUE: The discontinuation rates of the NOACs in the pivotal trials were very similar to
those for warfarin. In the RE-LY trial no regular blood taking for INR monitoring was
performed in the dabigatran arms of the trial; however, the discontinuation rate was higher than
for the warfarin arm.

KEY ISSUE: Dabigatran capsules must be swallowed whole and cannot be repackaged into
dose-administration aids, and the capsule cannot be opened for use in patients with severe
dysphagia.

6.5 Reversal of bleeding with new oral anticoagulants
6.5.1 Management of bleeding

A recent literature review by the CADTH retrieved ‘limited evidence with uncertain
applicability to clinical practice ... regarding strategies to manage over-anticoagulation and
bleeding associated with the use of dabigatran and rivaroxaban’.*®® The review acknowledged
that reversal strategies for the NOACs are emerging; however, these are currently only
supported by anecdotal case reports published as conference abstracts.'®®

The Australasian Society of Thrombosis and Haemostasis is currently preparing guidelines for
monitoring and reversal of the NOACSs with the aim of these becoming national guidelines.
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6.5.2 Reversal of dabigatran

Submissions raised concerns regarding the lack of a proven antidote for bleeding with
dabigatran® 5% &4 79.88.152.172 anq one submission outlined that this was a particular concern
because gastrointestinal bleeds are more frequent with dabigatran than with warfarin.®*

The Cardiac Society of Australia and New Zealand outlined that “apart from ceasing the drug,
management is supportive only. There is some evidence that the effect can be reduced by use of
certain blood products along with consideration to dialysis’ is the current management approach
to serious bleeding with dabigatran.?

Local guidelines for the reversal of dabigatran have been developed in some areas, such as the
Queensland Health Guidelines for Managing Patients on Dabigatran (Pradaxa®) who Present
to Hospital'"® (see Figure 6.1).

Currently, there is no available antidote for dabigatran. Prothrombin complex concentrates have been shown to be ineffective (in contrast to rivaroxaban studies).
Vitamin K and fresh frozen plasma infusion have not been shown to be effective. The effect of Factor Vila (Novoseven®) is currently unknown.

Dabigatran associated bleeding

If a patient is bleeding, discontinue dabigatran therapy and investigate for site of bleeding.
Initiate symptomatic treatment and optimise renal function.
Review all medications and discontinue all anticoagulants, anti-platelets and NSAIDs. Check for possible drug interactions (see above).
Check coagulation screen (APTT, TT and fibrinogen assay); indicate time of last dose on request form.
Check full blood count, renal function and electrolytes (including calcium).
Organise blood group and hold, and blood group antibody screen.

Mild bleeding Moderate to severe bleeding” Life threatening”
Withhold next dose of + Discontinue dabigatran. * Implement all measures for moderate to
dabigatran or discontinue + Consult Haematology Service. severe bleeding, and:
treatment as appropriate. + Mechanical compression, or consider surgical intervention or ||+ Recombinant factor Vlla (Novoseven®) IV bolus
Apply local measures wound packing. 50microg/kg may be trialled if critical. Seek
and treat any underlying « Fluid replacement to maintain good urine output as dabigatran Haematology guidance.* Note factor Vlla half

life is significantly shorter than dabigatran; may
require further dosing of factor Vlla.
Haemodialysis (especially if renal failure
present) may remove approximately 60% of
dabigatran.

Charcoal haemofiltration.

infection. is renally excreted.

Consider platelets if levels less than 70-80 x 10%L or patient
on anti-platelet agent.

Consider anti-fibrinolytic agent, tranexamic acid IV 15-30mg/
kg, possibly followed by a continuous infusion at Tmg/kg/hr
and continue until bleeding under control.

Oral charcoal application if dabigatran ingested in last 2 hours.

* Moderate to severe bleeding: reduction in Hb of greater than or equal to 20g/L, transfusion of greater than or equal to 2 units of red blood cells, or symptomatic bleeding in critical area or organ.

T Life-threatening bleeding: symptomatic intracranial bleed, reduction in Hb of greater than or equal to 50g/L, transfusion of greater than or equal to 4 units of red blood cells, hypotension requiring
inotropic agents or bleeding requiring surgical intervention.

+ NB: Individual Patient Approval should be obtained as per hospital or District procedure for recombinant factor Vila ‘For the management of life-threatening bleeding and coagulopathy in non-
haemophiliac patients who have failed to respond to conventional therapy.” (QH LAM , see Appendix 9).

Source: Queensland Health (2011)173
Figure 6.1  Guidelines for the reversal of dabigatran

Some authors have commented that ‘time is an important antidote with the NOACs’ due to their
half-lives of less than 12 hours;*"* however, these half-lives are prolonged as renal function
declines.

6.5.3 Reversal of other new oral anticoagulants

There is some evidence that prothrombin complex concentrate may reverse anticoagulation with
rivaroxaban,'’® and this was identified in some submissions.”” ™ However, this evidence is from
a trial of 12 healthy volunteers, and effectiveness was measured based on laboratory markers,
the clinical meaningfulness of which are uncertain.'®®

6.5.4 Reversal of new oral anticoagulants in perioperative settings

The lack of reversal agent for dabigatran was raised as a specific concern in emergency
settings®’® and perioperative settings,*’” with the Royal Australasian College of Physicians
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stating that “in patients with urgent surgery, dabigatran would need to be ceased and surgery
deferred if possible’.®* One submission raised the example of a case where surgery was delayed
for a patient on dabigatran with a fractured neck of femur and gastrointestinal bleed in

New Zealand."™’

A recent subgroup analysis of the RE-LY trial indicated that dabigatran and warfarin were
associated with similar rates of periprocedural bleeding, although shorter interruption periods
were possible with dabigatran because of its shorter elimination half-life.*

The Cardiac Society of Australia and New Zealand discuss a recent report by Lakkireddy et al'"
that found that, in patients undergoing radiofrequency ablation for AF, ‘periprocedural
dabigatran use significantly increased the risk of bleeding or thromboembolic complications
compared with uninterrupted warfarin therapy’.2

6.5.5 Cost of reversal

In view of the lack of a commonly available antidote for reversal of life-threatening
anticoagulation by NOACs, the recommended use of recombinant factor Vlla, haemodialysis or
charcoal haemofiltration can be expensive.

KEY ISSUE: The lack of a clinically proven reversal agent and reversal guidelines for NOACs
in clinical use is problematic, notwithstanding the benefits that these agents have in terms of a
reduction in the risk of ICH.
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OPTIONS AND QUESTIONS FOR THE REVIEW

Options for reversal of bleeding with NOACs

Ensure that any clinical guidelines around the use of anticoagulants in AF include
clear advice regarding the most appropriate monitoring and reversal strategies for any
agents being used in practice.

Ensure that patient and physician education strategies promote awareness of the lack
of a marker and antidote for the new agents, so that decision making regarding the
new agents is appropriately informed.

28.

29.

30.

31.

32.

Focus questions
27.

Within what timeframes is it envisaged that validated, standardised, monitoring
tests that provide clinicians with an indication of a patient’s risk of haemorrhage will
be commercially available for NOACs, and at what cost?

If a test(s) becomes available, in what circumstances would clinicians want to use
the test(s)? Would the test(s) be used in routine practice to monitor patients?
Would patient doses be personalised instead of using the fixed-dose regimes? At
what frequency would the test(s) be used? What would be the impact on the cost-
effectiveness of NOACSs if such a test(s) became routine practice?

What value is placed by clinicians and patients on the current availability of a simple
INR test to monitor warfarin, which has been validated to predict risk—benefit and
allow individual patient dose titration? Is the absence of such a simple monitoring
tool for NOACs seen to be a significant clinical management disadvantage?

What value do patients and physicians place on the ability to reverse bleeding with
anticoagulation therapy?

What is the cost of managing a major bleed in patients with NOACs compared to
those receiving warfarin? What proportion of the major bleeds due to NOACs need
to be actively managed compared to waiting until the medicine is cleared
(acknowledging the shorter half-lives of NOACS compared to warfarin)?

What is the role of HAS-BLED in decision making and risk management in
determining the most appropriate anticoagulant therapy — should a greater
emphasis be placed on this score with the newer agents in light of the inability to
monitor anticoagulant intensity and reverse bleeding? Or should this also take into
account differentials in bleeding risks with each of the anticoagulant therapies?
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6.6

6.7

Translation of the results of the key pivotal clinical trials of NOACs into
practice

A number of submissions outlined that the full safety profile of NOACSs in the general
community may be different to that observed in the clinical trial scenario, where patients are
selected to be enrolled in trials.2® Submissions raised concerns about whether the trial
participants were representative of the Australian population likely to take the medicine in
clinical practice.®* *"? For example, one submission stated that the patients in the pivotal clinical
trial for dabigatran were *younger, larger and with better renal function, and with less
comorbidity and co-medication compared to those in whom it is used in clinical practice’.*2

Submissions also discussed that there is a lack of long-term safety data with the NOACs, with
follow-up data limited to two or three years.®*%

KEY ISSUE: There is uncertainty regarding the translatability of the trial results.

OPTIONS AND QUESTIONS FOR THE REVIEW

Options for translating results of clinical trials of NOACs into practice

» Restrict the use of NOACs until more information is known regarding their safety profile in a
clinical practice population.?

» Conduct extensive postmarket surveillance of the NOACs, including through a clinical registry
that includes information regarding efficacy and toxicity.>'>

Miscellaneous
6.7.1 Myocardial infarction

Submissions raised the issue of a recent meta-analysis linking dabigatran to an increased
incidence of myocardial infarction (heart attack) and angina (chest pains) compared to
warfarin,* ¢4 8157.180-181 e g bmission highlighted that in New Zealand there have been
uncertainties regarding management approaches to patients with acute myocardial infarction
who are on dabigatran.*’

Similar increases in myocardial infarction in other NOACs have not been reported.
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Appendix 1
New oral anticoagulation agents — further

information

Table Al outlines the characteristics and registration status of dabigatran, rivaroxaban and

apixaban.

Table A1l Characteristics and registration status of dabigatran, rivaroxaban and apixaban
Dabigatran Rivaroxaban Apixaban

TGA-registered 1. The prevention of venous 1. The prevention of venous 1. The prevention

indications thromboembolic events in adult thromboembolic events in adult of venous

patients who have undergone major
orthopaedic surgery of the lower
limb (elective total hip or knee
replacement).

2. The prevention of stroke and
systemic embolism in patients with
nonvalvular AF and at least one risk
factor for stroke.

patients who have undergone
major orthopaedic surgery of the
lower limb (elective total hip or
knee replacement).

2. The prevention of stroke and
systemic embolism in patients
with nonvalvular AF and at least
one risk factor for stroke.

3. Treatment of deep vein
thrombosis, and for the
prevention of recurrent deep vein
thrombosis and pulmonary
embolism.

thromboembolic
events in adult
patients who have
undergone
elective total hip
or total knee
replacement

surgery.

Mechanism of
action (refer to
Figure 5.1)

direct thrombin inhibitor

factor Xa inhibitor

factor Xa inhibitor

Clearance

80% eliminated unchanged by renal
excretion.

Dabigatran etexilate (but not the
active dabigatran) is a substrate of
P-gp.158

36% excreted unchanged. 44%
liver metabolism via CYP3A4,
CYP2J2 and CYP-independent
mechanisms involving P-gp
transporter systems.182

27% excreted
unchanged. Major
enzymes that
metabolise
apixaban to
inactive
metabolites are
CYP3A4/5 and
sulfotransferase
1A1. Minor
contributors are
CYP1A2, 2C8,
2C9, 2C19 and
2J2. Substrate of
P-gp‘183

... Continued
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Dabigatran Rivaroxaban Apixaban
Oral The bioavailability is low (6%) and Oral bioavailability of 80-100%. Oral bioavailability
bioavailability the product is formulated using a of approximately
tartaric acid core to aid dissolution. | Oral bioavailability is affected by | 50%.
food. Bioavailahility of 20 mg
It is administered as an inactive tablet is 66% under fasting
‘pro-medicine’ (dabigatran etexilate) | conditions.182
and is converted into its active form
(dabigatran).
Oral bioavailability increased by
about 1.8-fold (+75%) when the
pellets are taken without the HPMC
capsule shell; therefore, the HPMC
capsules should always be
preserved in clinical use.®
Half-life 12-14 hours in elderly healthy 5-9 hours in young patients; 11- | 12 hours
volunteers; 14-17 hours in surgical | 13 hours in the elderly.182
patients.1%8
Dosing frequency | Twice daily Once daily Twice daily
Dosage for 150 mg twice daily 20 mg once daily From ARISTOTLE
stroke prevention | or or trial: 5 mg twice
in patients with 110 mg twice daily should be used | 15 mg for patients with renal daily, or 2.5 mg
AF (TGA- in patients aged over 75 years and | function of 30-49 mL/min.12 twice daily in
approved unless | may be considered in the following patients with two
otherwise groups of patients: or more of the
indicated) - with renal function of 30— following risk
50 mL/min factors:
and « reduced renal
- patients with a potentially higher function
risk of bleeding. < ageover
80 years
- weight less
than 60 kg.
Cmax 0.5-2.0 hours?s8 2-4 hours?#? 3-4 hours?8s
Name of pivotal RE-LY ROCKET AF (Rivaroxaban Once | ARISTOTLE
trial (Randomised Evaluation of Long- Daily Oral Direct Factor Xa (Apixaban for
Term Anticoagulation Therapy) Inhibition Compared with Vitamin | Reduction in
K Antagonism for Prevention of Stroke and Other

Stroke and Embolism Trial in
Atrial Fibrillation)138

Thromboembolic
Events in Atrial
Fibrillation)204

AF = arterial fibrillation; HPMC = hard gelatin and hypromellose; P-gp = P-glycoprotein; TGA = Therapeutic Goods Administration

Issues and Options Paper, June 2012

65




Table A2 compares the baseline characteristics of trial participants in the three pivotal trials of
novel oral anticoagulants (NOACS).

Table A2 Comparison of baseline characteristics of trial participants for novel oral anticoagulants

Baseline characteristics of study RE-LY ROCKET ARISTOTLE
participants (active arm) (dabigatran) (rivaroxaban) (apixaban)
(characteristics
110 mg 150 mg of ITT
population)
Age (years) 714 715 73.0 70.0
Weight (kg) 82.9 82.5 82.1 82.0
Male sex (%) 64.3 63.2 60.3 64.5
Prior warfarin/VKA (%) 50.1 50.2 62.3 57.1
BP
Systolic (mmHg) 130.8 131.0 130.0 130.0
Diastolic (mmHg) 77.0 77.0 80.0 82.0
CHADS:
Mean 21+£11 22+12 3.48 £0.94 21+£11
Oorl (%) 32.6 33.2 NIL 34.0
2 (%) 34.7 35.2 13.0 35.8
3-6 (%) 32.7 32.6 87.0 30.2
Comorbidities
Prior stroke or TIA (%) 19.9 20.3 54.9 19.2
Prior MI (%) 16.8 16.9 16.6 14.5
With diabetes (%) 23.4 23.1 40.4 25.0
With heart failure (%) 32.2 31.8 62.6 35.5
With hypertension (%) 78.8 78.9 90.3 87.3
Medicines in use at baseline
Aspirin (%) 40.0 38.7 36.3 31.3
Statin (%) 44.9 43.9 43.0 45.0
PPI or Hz-receptor antagonist (%) 17.2 17.9 12.9 18.5
ARB or ACE inhibitor (%) 66.3 66.7 77.7 70.9
Beta-blocker (%) 62.9 63.7 62.1 63.6
Amiodarone (%) 10.4 10.9 - 11.1

- = unknown; ACE = angiotensin-converting enzyme; ARB = angiotensin receptor blocker; ITT = intention-to-treat; MI = myocardial
infarction; PPI = proton pump inhibitor; TIA = transient ischemic attack; VKA = vitamin K antagonist

Review of Anticoagulation Therapies in Atrial Fibrillation



Table A3 outlines key elements of the design of each of the pivotal trials of the NOACs.

Table A3 Design of NOAC trials
RE-LY ROCKET ARISTOTLE
(dabigatran) (rivaroxaban) (apixaban)

Trial design Compared two doses of Double-blind, randomised Double-blind,
dabigatran (110 mg and trial that compared randomised trial that

150 mg), each
administered in a blinded
manner with open-label
use of warfarin.13?

rivaroxaban (20 mg daily or
15 mg daily in patients with
reduced renal function, as
indicated by a CrCL of

30-49 mL/min) to adjusted-
dose warfarin.138

compared apixaban
(5 mg or 2.5 mg twice
daily in patients with two
or more of the following
risk factors:
< reduced renal
function
- >80 years old
= weight less than
60 kg)
to adjusted-dose
warfarin,104.138

e >74 years old
e 65-74 years old plus
diabetes, hypertension

= hypertension
< diabetes.

Number of participants 18,133 14,264 18,201
Number of trial centres 951 1178 1034
Number of countries 44 45 39
Median follow-up 2.0 19 1.8
(years)
Exclusion criteria — CrCL <30 mL/min CrCL <30 mL/min CrCL <25 mL/min
renal function
Inclusion criteria AF and at least one of the | History of stroke/TIA/SE or | AF and at least one of
following: 2 or more of: the following:
= previous stroke/TIA = congestive heart failure | = previous stroke, TIA
- heart failure or LVEF <35% or systemic
e >74 years old embolism

= heart failure
e >74 years old

warfarin arm (% mean)

or coronary artery The number of participants | = hypertension
disease. with only 2 risk factors was | = diabetes.
capped at 10%.
Average TTRIin 64.0 55.0 62.2

Method of warfarin

Warfarin was adjusted

PoCT device generated

Blinded, encrypted,

(found superiority in
analysis of patients
receiving at least one dose
of a study medicine)

dosing and INR locally. INR was encrypted values that were | PoCT device.
monitoring measured at least sent to independent centres | Warfarin-dose
monthly. to monitor, who provided adjustments per
TTR values reported back | study sites with either real | algorithm. A program
to participating centres or sham INR values. was implemented to
with advice for optimal improve the quality of
INR control. INR control through
education and feedback
at the site and country
levels.
Analysis Intention-to-treat Per-protocol Intention-to-treat

CrCL = creatinine clearance rate; INR= international normalised ratio; LVEF = left ventricle ejection fraction; PoCT = point-of-care
testing; SE = systemic embolism; TIA = transient ischemic attack; TTR = time in therapeutic range

Issues and Options Paper, June 2012

67



References

1. Ang, Peterson, Friesen, Vial. Review of antithrombotic drug usage in atrial fibrillation. Journal of
Clinical Pharmacy and Therapeutics 1998;23:97-106.

2.  Cardiac Society of Australia and New Zealand. Submission to Review. 2012.

3. Stroke Society of Australasia. Submission to Review. 2012.

4. National Stroke Foundation. Submission to Review. 2012.

5. Wolf P, Abbott R, Kannel W. Atrial fibrillation as an independent risk factor for stroke: the
Framingham Study. Stroke 1991;22:983-8.

6.  Gattellari M, Goumas C, Aitken R, Worthington JM. Outcomes for patients with ischaemic stroke
and atrial fibrillation: The PRISM Study (A Program of Research Informing Stroke Management).
Cerebrovascular Diseases 2011;32:370-82.

7.  BéjotY, Salem DB, Osseby GV, et al. Epidemiology of ischemic stroke from atrial fibrillation in
Dijon, France, from 1985 to 2006. Neurology 2009;72:346-53.

8.  Rothwell PM, Coull AJ, Giles MF, et al. Change in stroke incidence, mortality, case-fatality,
severity, and risk factors in Oxfordshire, UK from 1981 to 2004 (Oxford Vascular Study). The
Lancet 2004;363:1925-33.

9.  Go AH, E. Phillips, K. Chang, Y. Henault, L. Selby, J. Singer, D. Prevalence of diagnosed atrial
fibrillation in adults national implications for rhythm management and stroke prevention: the
AnTicoagulation and Risk Factors In Atrial Fibrillation (ATRIA) Study. JAMA: Journal of the
American Medical Association 2001;285:2370-5.

10. Stewart SH, C. Hole, D. McMurray, J. Population prevalence, incidence, and predictors of atrial
fibrillation in the Renfrew/Paisley study. Heart 2001;86:516-21.

11. Australian Association of Consultant Pharmacy. Submission to Review. 2012.

12. Paceline INC. Submission to Review. 2012.

13. Feinberg WB, J. Laupacis, A. et al. Prevalence, age distribution, and gender of patients with atrial
fibrillation. Arch Intern Med 1995;155:469-73.

14. Deloitte Access Economics. Off beat: atrial fibrillation and the cost of preventable strokes; 2011
September.

15. Miyasaka Y, Barnes ME, Gersh BJ, et al. Secular trends in incidence of atrial fibrillation in
Olmsted County, Minnesota, 1980 to 2000, and implications on the projections for future
prevalence. Circulation 2006;114:119-25.

16. Lip GYH, Fat Tse H, Lane DA. Atrial fibrillation. Lancet 2012;379:648-61.

17. Nieuwlaat RC, A. Lip, G. Olsson, B. Prins, M. Nieman, F. Lo pez-Sendo’n, J. Vardas, P. on
behalf of the Euro Heart Survey Investigators. Antithrombotic treatment in real-life atrial
fibrillation patients: a report from the Euro Heart Survey on Atrial Fibrillation. European Heart
Journal 2006;27:3018-26.

68 Review of Anticoagulation Therapies in Atrial Fibrillation



18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

Gage BF, Waterman AD, Shannon W, Boechler M, Rich MW, Radford MJ. Validation of clinical
classification schemes for predicting stroke: results from the National Registry of Atrial
Fibrillation. JAMA: Journal of the American Medical Association 2001;285:2864-70.

Lip GYH, Frison L, Halperin JL, Lane DA. Identifying patients at high risk for stroke despite
anticoagulation. Stroke 2010;41:2731-8.

The Task Force for the Management of Atrial Fibrillation of the European Society of Cardiology
(ESC). Guidelines for the management of atrial fibrillation. European Heart Journal
2010;31:2369-429.

Lip GYH, Nieuwlaat R, Pisters R, Lane DA, Crijns HIGM. Refining clinical risk stratification for
predicting stroke and thromboembolism in atrial fibrillation using a novel risk factor-based
approach. Chest 2010;137:263-72.

Wasmer K, Eckardt L. Management of atrial fibrillation around the world: a comparison of
current ACCF/AHA/HRS, CCS, and ESC guidelines. Europace 2011;13:1368-74.

Writing Group Members, Wann LS, Curtis AB, et al. 2011 ACCF/AHA/HRS Focused update on
the management of patients with atrial fibrillation (updating the 2006 guideline). Circulation
2011;123:104-23.

Skanes AC, Healey JS, Cairns JA, et al. Focused 2012 Update of the Canadian cardiovascular
society atrial fibrillation guidelines: recommendations for stroke prevention and rate/rhythm
control. The Canadian Journal of Cardiology 2012;28:125-36.

Kaier TW, R. Khan, S. . Will the new European AF guidelines lead to more patients receiving oral
anticoagulation therapy? Heart 2011;97.

Hughes M, Lip GYH. Risk factors for anticoagulation-related bleeding complications in patients
with atrial fibrillation: a systematic review. QJM 2007;100:599-607.

Garcia DL, R. Hylek, E. . New-onset atrial fibrillation and warfarin initiation: High risk periods
and implications for new antithrombotic drugs Thrombosis and Haemostasis 2010;104:1099-105.

Lip GYH, Frison L, Halperin JL, Lane DA. Comparative validation of a novel risk score for
predicting bleeding risk in anticoagulated patients with atrial fibrillation: the HAS-BLED
(hypertension, abnormal renal/liver function, stroke, bleeding history or predisposition, labile
INR, elderly, drugs/alcohol concomitantly) score. J Am Coll Cardiol 2011;57:173-80.

Lip GYH, Andreotti F, Fauchier L, et al. Bleeding risk assessment and management in atrial
fibrillation patients: a position document from the European Heart Rhythm Association, endorsed
by the European Society of Cardiology Working Group on Thrombosis. Europace 2011;13:723-
46.

Pisters R, Lane DA, Nieuwlaat R, de VVos CB, Crijns HIGM, Lip GYH. A novel user-friendly
score (HAS-BLED) to assess 1-year risk of major bleeding in patients with atrial fibrillation.
Chest 2010;138:1093-100.

Link KP. The Discovery of Dicumarol and Its Sequels. Circulation 1959;19:97-107.

Friedman PR, R. Hauschka, P. Fitz-James, A. A spectrum of partially carboxylated prothrombins
in the plasmas of coumarin-treated patients. Biochim Biophys Acta 1977;494:271-6.

Malhotra ON, M. Mann, K. The kinetics of activation of normal and gamma-carboxyglutamic
acid-deficient prothrombins. J Biol Chem 1985;260:279-87.

Issues and Options Paper, June 2012 69



34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

BPAC NZ. The use of dabigatran in general practice: a cautious approach is recommended. Best
Practice Journal 2011. (Accessed at:
http://www.bpac.org.nz/magazine/2011/september/dabigatran.asp.)

Hart RG, Pearce LA, Aguilar MI. Meta-analysis: antithrombotic therapy to prevent stroke in
patients who have nonvalvular atrial fibrillation. Annals Of Internal Medicine 2007;146:857-67.

Aguilar M, Hart R. Antiplatelet therapy for preventing stroke in patients with non-valvular atrial
fibrillation and no previous history of stroke or transient ischemic attacks. Cochrane Database of
Systematic Reviews 2005;4.

Kalra L, Lip GYH. Antithrombotic treatment in atrial fibrillation. Heart 2007;93:39-44.

Stroke Prevention in Atrial Fibrillation Investigators. Warfarin versus aspirin for prevention of
thromboembolism in atrial fibrillation: Stroke Prevention in Atrial Fibrillation 11 Study Lancet
1994;343:687-91.

ACTIVE Investigators. Effect of clopidogrel added to aspirin in patients with atrial fibrillation
New England Journal of Medicine 2009;360:2066-78.

Oake N, Jennings A, Forster AJ, Fergusson D, Doucette S, van Walraven C. Anticoagulation
intensity and outcomes among patients prescribed oral anticoagulant therapy: a systematic review
and meta-analysis. Canadian Medical Association Journal 2008;179:235-44.

Hylek EM, Skates SJ, Sheehan MA, Singer DE. An analysis of the lowest effective intensity of
prophylactic anticoagulation for patients with nonrheumatic atrial fibrillation. New England
Journal of Medicine 1996;335:540-6.

Odén A, Fahlén M, Hart RG. Optimal INR for prevention of stroke and death in atrial fibrillation:
a critical appraisal. Thrombosis Research 2006;117:493-9.

Fuster V, Rydén LE, Cannom DS, et al. ACC/AHA/ESC 2006 Guidelines for the management of
patients with atrial fibrillation. Circulation 2006;114:e257-e354.

Rosendaal FR CS, van der Meer FJ, Brie't E. 1. A method to determine the optimal intensity of
oral anticoagulant therapy. Thromb Haemost 1993;69:236-9.

White HD, Gruber M, Feyzi J, et al. Comparison of outcomes among patients randomized to
warfarin therapy according to anticoagulant controlresults from SPORTIF Il and V. Archives Of
Internal Medicine 2007;167:239-45.

Wan Y, Heneghan C, Perera R, et al. Anticoagulation control and prediction of adverse events in
patients with atrial fibrillation. Circulation: Cardiovascular Quality and Outcomes 2008;1:84-91.

Public Summary Document for March 2011 PBAC consideration to extend listing of Dabigatran
etexilate, capsules, 110 mg and 150 mg (as mesilate), Pradaxa®. 2011. (Accessed at:
http://www.health.gov.au/internet/main/publishing.nsf/Content/1863CE366 CA53443CA2578BEQ
01241DB/$File/Dabigatran%20PRADAXA%20Boehringer%20Ingelheim%206-3%202011-
03%20PSD%20FINAL.pdf.)

The Royal Australian College of General Practitioners. Submission to Review. 2012.

Coordinating Committee, De Caterina R, Husted S, et al. New oral anticoagulants in atrial
fibrillation and acute coronary syndromes: ESC Working Group on Thrombosis--Task Force on
Anticoagulants in Heart Disease position paper. J Am Coll Cardiol 2012;59:1413-25.

70

Review of Anticoagulation Therapies in Atrial Fibrillation


http://www.bpac.org.nz/magazine/2011/september/dabigatran.asp�
http://www.health.gov.au/internet/main/publishing.nsf/Content/1863CE366CA53443CA2578BE001241DB/$File/Dabigatran%20PRADAXA%20Boehringer%20Ingelheim%206-3%202011-03%20PSD%20FINAL.pdf�
http://www.health.gov.au/internet/main/publishing.nsf/Content/1863CE366CA53443CA2578BE001241DB/$File/Dabigatran%20PRADAXA%20Boehringer%20Ingelheim%206-3%202011-03%20PSD%20FINAL.pdf�
http://www.health.gov.au/internet/main/publishing.nsf/Content/1863CE366CA53443CA2578BE001241DB/$File/Dabigatran%20PRADAXA%20Boehringer%20Ingelheim%206-3%202011-03%20PSD%20FINAL.pdf�

50.

51.

52.

53.

54.

55.

56.
57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

National Collaborating Centre for Chronic Conditions. Atrial Fibrillation: National Clinical
Guideline for Management in Primary and Secondary Care. London; 2006.

Guidelines for pharmacotherapy of atrial fibrillation (JCS 2008). Circulation Journal
2010;74:2479-700.

Guyatt GH, Akl EA, Crowther M, Schiinemann HJ, Gutterman DD, Zelman Lewis S. Introduction
to the ninth edition. Chest 2012;141:48S-52S.

The Society of Hospital Pharmacists of Australia. Submission to Review. 2012.

Hankey G, on behalf of the National Blood Pressure Advisory Committee of the National Heart
Foundation. Non-valvular atrial fibrillation and stroke prevention. MJA 2001;174:234-9.

Cardiovascular Expert Group. Therapeutic Guidelines: Cardiovascular (electronic). Melbourne:
Therapeutic Guidelines Limited; 2012.

Atrial Fibrillation Association. Submission to Review. 2012.
Krause M. Submission to Review. 2012.

National Stroke Foundation. National Stroke Audit — Acute Services Clinical Audit Report 2011.
Melbourne, Australia.

Bajorek BR, S. Utilisation of antithrombotic therapy for stroke prevention in atrial fibrillation in a
Sydney hospital: then and now. International Journal of Clinical Pharmacy 2012;34:88-97.

Gattellari M, Worthington J, Zwar N, Middleton S. Barriers to the Use of Anticoagulation for
nonvalvular atrial fibrillation. Stroke 2008;39:227-30.

Baczek V, Chen W, Kluger J, Coleman C. Predictors of warfarin use in atrial fibrillation in the
United States: a systematic review and meta-analysis. BMC Family Practice 2012;13:5.

Gattellari MW, J. Zwar N. Middleton, S. The management of non-valvular atrial fibrillation
(NVAF) in Australian general practice: bridging the evidence-practice gap. A national,
representative postal survey. BMC Fam Pract 2008;9.

Blombery PA. Submission to Review. 2012.

The Royal Australasian College of Physicians. Submission to Review. 2012.

National Prescribing Service. Subsmission to Review. 2012.

The Royal College of Pathologists of Australasia. Submission to Review. 2012.

Edwards S. Submission to Review. 2012.

The Baker Heart & Diabetes Institute. Submission to Review. 2012.

Singer DE, Chang Y, Fang MC, et al. Should patient characteristics influence target
anticoagulation intensity for stroke prevention in nonvalvular atrial fibrillation? Circulation:

Cardiovascular Quality and Outcomes 2009;2:297-304.

Rosand J, Eckman MH, Knudsen KA, Singer DE, Greenberg SM. The Effect of Warfarin and
intensity of anticoagulation on outcome of intracerebral hemorrhage. Arch Intern Med
2004:;164:880-4.

Issues and Options Paper, June 2012 71



71. Colquhoun D. Submission to Review. 2012.

72. Scott ME. Submission to Review. 2012.

73. Levendel A. Submission to Review. 2012.

74.  Summers F. Submission to Review. 2012.

75. Boehringer Ingelheim. Submission to Review. 2012.

76. Trial Management and Evaluation Group PDG, . RCPA Quality Assurance Programs Pty Ltd,.
Point of Care Testing in General Practice: Final Report; 2009.

77. Flecknoe-Brown S. Submission to Review. 2012.

78. Rao S. Submission to Review. 2012.

79. The Australasian Society of Thrombosis and Haemostasis, The Haematology Society of Australia
and New Zealand,, The Australian and New Zealand Society of Blood Transfusion's. Submission
to Review. 2012.

80. National Medicines Policy Committee. Submission to Review. 2012.

81. On behalf of Victorian Government Cardiac Clinical Network F, B. . Submission to Review.
2012,

82. Tideman P, St John A, Tirimacco R. Submission to Review. 2012.

83. Community Pharmacist-led Anticoagulation Management Service Final Report. 2011.

(Accessed at:
http://www.healthworkforce.govt.nz/sites/all/files/Pharmacy%20AMS%20demonstration%20final
%20evaluation%20report.pdf.)

84. Canadian Agency for Drugs and Technologies in Health (CADTH). Optimal Warfarin Management
for the Prevention of Thromboembolic Events in Patients with Atrial Fibrillation: A Systematic
Review of the Clinical Evidence; November 2011.

85. Wieloch M, Sjélander A, Frykman V, Rosengvist M, Eriksson N, Svensson PJ. Anticoagulation
control in Sweden: reports of time in therapeutic range, major bleeding, and thrombo-embolic
complications from the national quality registry AuriculA. European Heart Journal 2011;32:2282-
9.

86. van Walraven C, Jennings A, Oake N, Fergusson D, Forster AJ. Effect of study setting on
anticoagulation control. Chest 2006;129:1155-66.

87. Pharmaceutical Society of Australia. Submission to Review. 2012.

88. New South Wales Therapeutic Advisory Group Inc. Submission to Review. 2012.

89. Hylek EM, Evans-Molina C, Shea C, Henault LE, Regan S. Major hemorrhage and tolerability of
warfarin in the first year of therapy among elderly patients with atrial fibrillation. Circulation
2007;115:2689-96.

90. Palareti G, Legnani C, Cosmi B, Guazzaloca G, Cini M, Mattarozzi S. Poor anticoagulation
quality in the first 3 months after unprovoked venous thromboembolism is a risk factor for long-
term recurrence. Journal of Thrombosis and Haemostasis 2005;3:955-61.

712 Review of Anticoagulation Therapies in Atrial Fibrillation


http://www.healthworkforce.govt.nz/sites/all/files/Pharmacy%20AMS%20demonstration%20final%20evaluation%20report.pdf�
http://www.healthworkforce.govt.nz/sites/all/files/Pharmacy%20AMS%20demonstration%20final%20evaluation%20report.pdf�

91.

92.

93.

94.

95.

96.
97.
98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

Garcia D, Regan S, Crowther M, Hughes R, Hylek E. Warfarin maintenance dosing patterns in
clinical practice: implications for safer anticoagulation in the elderly population. Chest
2005;37:2049-56.

Dooley M, McGuiness J, Choo S, et al. Successful implementation of a pharmacist anticoagulant
dosing service in ambulatory care. Journal of Pharmacy Practice and Research 2011;208:208-11.

Jackson SL, Peterson GM, Vial JH, Jupe DML. Improving the outcomes of anticoagulation: an
evaluation of home follow-up of warfarin initiation. Journal of Internal Medicine 2004;256:137-
44.

Stafford L, Peterson G, Bereznicki L, et al. Clinical outcomes of a collaborative, home-based
postdischarge warfarin management service. The Annals of Pharmacotherapy 2011;45:325-34.

Peterson G, Jackson, S., Bereznicki, L., Nelson, M., Angley, M., Mullan, J. R., Gaetani, L.,
Misan, G., Marsden, K., Warbuton, K, Eaton, V., Shakib, S., Maddison, J, Doecke, C., Mangoni,
A.A., Yeo, W, Potter, J, Seaton, S, Gee, P, Fitzmaurice, D., Stafford, L., van Tienen, E. C., Hill,
G, DeBoos, I, Doran, C, and Jainullabudeen, T. The role of community pharmacy in post hospital
management of patients initiated on warfarin. : Pharmacy Guild of Australia.; 2010.

Consumer. Submission to Review (submission number 8). 2012;8.

Consumer. Submission to Review (submission number 9). 2012;9.

Motala IS. Submission to Review. 2012.

Amerena J. Submission to Review. 2012.

Holbrook AM, Pereira JA, Labiris R, et al. Systematic Overview of warfarin and its drug and food
interactions. Arch Intern Med 2005;165:1095-106.

Ageno W, Gallus AS, Wittkowsky A, Crowther M, Hylek EM, Palareti G. Oral anticoagulant
therapy. Chest 2012;141:e44S-e88S.

Stafford L, Peterson G, Bereznicki L. Warfarin: Important Information for Patients. In: Aspen
Pharmacare Australia SoPaUfMO, ed.; 2011.

Aspen Pharma Pty Ltd. Product Information: MAREVAN ® Tablets. In; 20009.

Granger CB, Alexander JH, McMurray JJV, et al. Apixaban versus warfarin in patients with atrial
fibrillation. New England Journal of Medicine 2011;365:981-92.

Holmes MV, Hunt BJ, Shearer MJ. The role of dietary vitamin K in the management of oral
vitamin K antagonists. Blood Reviews 2012;26:1-14.

Schurgers LJ, Shearer MJ, Hamulyak K, Stocklin E, Vermeer C. Effect of vitamin K intake on the
stability of oral anticoagulant treatment: dose-response relationships in healthy subjects. Blood
2004;104:2682-9.

de Assis MC, Rabelo ER, Avila CW, Polanczyk CA, Rohde LE. Improved oral anticoagulation
after a dietary vitamin k—guided strategy. Circulation 2009;120:1115-22.

Rombouts EK, Rosendaal FR, Van Der Meer FIM. Influence of dietary vitamin K intake on
subtherapeutic oral anticoagulant therapy. British Journal of Haematology 2010;149:598-605.

Issues and Options Paper, June 2012 73



109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

Khan T, Wynne H, Wood P, et al. Dietary vitamin K influences intra-individual variability in
anticoagulant response to warfarin. British Journal of Haematology 2004;124:348-54.

Cushman M, Booth SL, Possidente CJ, Davidson KW, Sadowski JA, Bovill EG. The association
of vitamin K status with warfarin sensitivity at the onset of treatment. British Journal of
Haematology 2001;112:572-7.

Franco V, Polanczyk CA, Clausell N, Rohde LE. Role of dietary vitamin K intake in chronic oral
anticoagulation: prospective evidence from observational and randomized protocols. The
American Journal of Medicine 2004;116:651-6.

Lurie Y, Loebstein R, Kurnik D, Almog S, Halkin H. Warfarin and vitamin K intake in the era of
pharmacogenetics. British Journal of Clinical Pharmacology 2010;70:164-70.

Ford S, Misita C, Shilliday B, Malone R, Moore C, Moll S. Prospective study of supplemental
vitamin K therapy in patients on oral anticoagulants with unstable international normalized ratios.
Journal of Thrombosis and Thrombolysis 2007;24:23-7.

Sconce E, Avery P, Wynne H, Kamali F. Vitamin K supplementation can improve stability of
anticoagulation for patients with unexplained variability in response to warfarin. Blood
2007;109:2419-23.

Hylek EM, Heiman H, Skates SJ, Sheehan MA, Singer DE. Acetaminophen and other risk factors
for excessive warfarin anticoagulation. JAMA: The Journal of the American Medical Association
1998;279:657-62.

Black JA. Diarrhoea, vitamin K, and warfarin. The Lancet 1994:344:1373.
Rouhead D. Submission to Review. 2012.

Sanderson S, Emery, J. & Higgins, J. CYP2C9 gene variants, drug dose, and bleeding risk in
warfarin-treated patients : a HUGEnet systematic review and meta-analysis Genetics in medicine
2005;7:97-104.

Meckley LMW, A. Rieder, M. Rettie, A. Veenstra, D. An analysis of the relative effects of
VKORCL1 and CYP2C9 variants on anticoagulation related outcomes in warfarin-treated patients.
Thrombosis and Haemostasis 2008;100:229-39.

Cavallari LH, Shin J, Perera MA. Role of Pharmacogenomics in the management of traditional
and novel oral anticoagulants. Pharmacotherapy 2011;31:1192-207.

Schwarz Ul, Ritchie MD, Bradford Y, et al. Genetic determinants of response to warfarin during
initial anticoagulation. New England Journal of Medicine 2008;358:999-1008.

Sconce EA, Khan TI, Wynne HA, et al. The impact of CYP2C9 and VKORCL1 genetic
polymorphism and patient characteristics upon warfarin dose requirements: proposal for a new
dosing regimen. Blood 2005;106:2329-33.

Vecsler ML, R. Almog ,S. Kurnik, D. Goldman, B. Halkin, H. Gak, E. . Combined genetic
profiles of components and regulators of the vitamin K-dependent carboxylation system affect
individual sensitivity to warfarin Thrombosis and Haemostasis 2006;95:205-11.

Anderson JL, Horne BD, Stevens SM, et al. Randomized trial of genotype-guided versus standard
warfarin dosing in patients initiating oral anticoagulation. Circulation 2007;116:2563-70.

74

Review of Anticoagulation Therapies in Atrial Fibrillation



125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

Caraco Y, Blotnick S, Muszkat M. CYP2C9 Genotype-guided warfarin prescribing enhances the
efficacy and safety of anticoagulation: a prospective randomized controlled study. Clin Pharmacol
Ther 2007;83:460-70.

Epstein RS, Moyer TP, Aubert RE, et al. Warfarin genotyping reduces hospitalization rates:
results from the MM-WES (Medco-Mayo Warfarin Effectiveness Study). J Am Coll Cardiol
2010;55:2804-12.

The International Warfarin Pharmacogenetics Consortium. Estimation of the warfarin dose with
clinical and pharmacogenetic data. New England Journal of Medicine 2009;360:753-64.

Wadelius M, Chen LY, Lindh JD, et al. The largest prospective warfarin-treated cohort supports
genetic forecasting. Blood 2009;113:784-92.

Meckley LM, Gudgeon JM, Anderson JL, Williams MS, Veenstra DL. A policy model to evaluate
the benefits, risks and costs of warfarin pharmacogenomic testing. PharmacoEconomics
2010;28:61-74 10.2165/11318240-000000000-00000.

Eckman MH, Rosand J, Greenberg SM, Gage BF. Cost-effectiveness of using pharmacogenetic
information in warfarin dosing for patients with nonvalvular atrial fibrillation. Annals Of Internal
Medicine 2009;150:73-83.

Limdi NA, Beasley TM, Baird MF, et al. Kidney function influences warfarin responsiveness and
hemorrhagic complications. Journal of the American Society of Nephrology 2009;20:912-21.

Jonsson KW, M. Sterner, G. Nyman, U. Elmstahl, S. Engstrom, G. Svensson, PJ. Glomerular
filtration rate in patients with atrial fibrillation on warfarin treatment: a subgroup analysis from
the AURICULA registry in Sweden. Thrombosis Research 2011;128:341-5.

Australasian Society of Clinical and Experimental Pharmacologists and Toxicologists.
Submission to Review. 2012.

Huhtakangas J, Tetri S, Juvela S, Saloheimo P, Bode MK, Hillbom M. Effect of increased
warfarin use on warfarin-related cerebral hemorrhage. Stroke 2011;42:2431-5.

Appelboam R, Thomas EO. Warfarin and intracranial haemorrhage. Blood Reviews 2009;23:1-9.

Cervera A, Amaro S, Chamorro A. Oral anticoagulant-associated intracerebral hemorrhage.
Journal of Neurology 2012;259:212-24.

Hart R. What causes intracerebral hemorrhage during warfarin therapy? . Neurology 2000;55:907-
8.

Bechtel BN, T. Lyon, J. Cotton, B. Barrett, T. Treatments for reversing warfarin anticoagulation
in patients with acute intracranial hemorrhage: a structured literature review. Int J Emerg Med
2011;4.

Patel MR, Mahaffey KW, Garg J, et al. Rivaroxaban versus warfarin in nonvalvular atrial
fibrillation. New England Journal of Medicine 2011;365:883-91.

Connolly SJ, Ezekowitz MD, Yusuf S, et al. Dabigatran versus warfarin in patients with atrial
fibrillation. New England Journal of Medicine 2009;361:1139-51.

Eikelboom JW, Wallentin L, Connolly SJ, et al. Risk of bleeding with 2 doses of dabigatran
compared with warfarin in older and younger patients with atrial fibrillation / clinical perspective.
Circulation 2011;123:2363-72.

Issues and Options Paper, June 2012 75



142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

Weitz JI. New oral anticoagulants: a view from the laboratory. American Journal of Hematology
2012;87:5133-S6.

Fang MC, Chang Y, Hylek EM, et al. Advanced age, anticoagulation intensity, and risk for
intracranial hemorrhage among patients taking warfarin for atrial fibrillation. Annals Of Internal
Medicine 2004;141:745-52.

Gage BF, Birman-Deych E, Kerzner R, Radford MJ, Nilasena DS, Rich MW. Incidence of
intracranial hemorrhage in patients with atrial fibrillation who are prone to fall. The American
Journal of Medicine 2005;118:612-7.

Boehringer Ingelheim. Dabigatran Briefing Document. Advisory Committee Briefing Document:
Food and Drugs Administration; 2010.

Johnson & Johnson Pharmaceutical Research & Development. Rivaroxaban for the Prevention of
Stroke and Non-Central Nervous System (CNS) Systemic Embolism in Patients With Atrial
Fibrillation. Rivaroxaban (39039039) Advisory Committee Briefing Document. Advisory
Committee Briefing Document: Food and Drugs Administration; 2011 5 August 2011.

Wallentin LC, J. ARISTOTLE: Efficacy and safety of Apixaban compared to warfarin at different
levels of INR control for stroke prevention in 18,202 patients with atrial fibrillation in the
ARISTOTLE trial. In: European Society of Cardiology Congress 2011; 2011 28 August 2011;
France. (Accessed at: http://www.escardio.org/congresses/esc-2011/congress-reports/Pages/709-
3-ARISTOTLE.aspx.)

Canadian Agency for Drugs and Technologies in Health. Safety and effectiveness of new oral
anti-coagulants compared to warfarin in preventing stroke and other cardiovascular events in
patients with atrial fibrillation; April 2012.

Connolly SJ, Ezekowitz MD, Yusuf S, Reilly PA, Wallentin L. Newly identified events in the RE-
LY trial. New England Journal of Medicine 2010;363:1875-6.

Metcalfe S, Moodie P. National prescribing data for dabigatran. New Zealand Medical Journal
2012;125:97-105.

Therapeutic Goods Administration. Dabigatran (Pradaxa): risk of bleeding relating to use, 2011.
(Accessed, 28 June 2012, at:
http://wwwtga.gov.au/safety/alerts-medicine-dabigatran-111005.htm.)

Institute for Safe Medicines Practices. Anticoagulants the leading reported drug risk in 2011.
Philadelphia; 2012 May 2012.

Wallentin L, Yusuf S, Ezekowitz MD, et al. Efficacy and safety of dabigatran compared with
warfarin at different levels of international normalised ratio control for stroke prevention in atrial
fibrillation: an analysis of the RE-LY trial. The Lancet 2010;376:975-83.

Oldgren J, Alings M, Darius H, et al. Risks for stroke, bleeding, and death in patients with atrial
fibrillation receiving dabigatran or warfarin in relation to the CHADS2 score: a subgroup analysis
of the RE-LY trial. Annals Of Internal Medicine 2011;155:660-7.

Lopes R, Al-Khatib S, Wallentin L, et al. Efficacy and safety of apixaban compared with warfarin
according to CHADS?2 and has-bled risk scores for stroke prevention in atrial fibrillation. J Am
Coll Cardiol 2012;59:E574.

76

Review of Anticoagulation Therapies in Atrial Fibrillation


http://www.escardio.org/congresses/esc-2011/congress-reports/Pages/709-3-ARISTOTLE.aspx�
http://www.escardio.org/congresses/esc-2011/congress-reports/Pages/709-3-ARISTOTLE.aspx�
http://wwwtga.gov.au/safety/alerts-medicine-dabigatran-111005.htm�

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

Banerjee AL, D. Torp-Pedersen, C. Lip, G. Net clinical benefit of new oral anticoagulants
(dabigatran, rivaroxaban, apixaban) versus no treatment in a ‘real world’ atrial fibrillation
population: A modelling analysis based on a nationwide cohort study Thrombosis and
Haemostasis 2012;107:584-9.

Pillans P. Submission to Review. 2012.

Boehringer Ingelheim Pty Limited. Product Information: PRADAXA (R) (dabigatran etexilate).
In; 2012.

Therapeutic Goods Administration. Dabigatran (Pradaxa) & the risk of bleeding: new
recommendations for monitoring kidney function, 2011. (Accessed, 28 June 2012, at:
http://www.tga.gov.au/safety/alerts-medicine-dabigatran-111103.htm.)

Rivaroxaban—Once daily, oral, direct factor Xa inhibition compared with vitamin K antagonism
for prevention of stroke and embolism trial in atrial fibrillation: rationale and design of the
ROCKET AF study. American Heart Journal 2010;159:340-7.e1.

Jones A. Submission to Review. 2012.
Bailey I. Submission to Review. 2012.

van Ryn JS, J. Haertter, S. Liesenfeld, K. Wienen, W. Feuring, M., Clemens A. Dabigatran
etexilate — a novel, reversible, oral direct thrombin inhibitor: Interpretation of coagulation assays
and reversal of anticoagulant activity. Journal: Thrombosis and Haemostasis 2010;103:1116-27.

Douxfils JM, F. Rabert, S. Chatelain, C. Chatelain, B. Dogné, JM. Impact of dabigatran on a large
panel of routine or specific coagulation assays. Laboratory recommendations for monitoring of
dabigatran etexilate. Thrombosis and Haemostasis 2012;107:985-97.

Stangier J, Feuring M. Using the HEMOCLOT direct thrombin inhibitor assay to determine
plasma concentrations of dabigatran. Blood Coagulation & Fibrinolysis 2012;23:138-43
10.1097/MBC.0b013e32834f1b0c.

Canadian Agency for Drugs and Technologies in Health. Anticoagulation Monitoring and
Reversal Strategies for Dabigatran, Rivaroxaban, and Apixaban: A Review of Clinical
Effectiveness; April 2012.

ten Cate H. Monitoring new oral anticoagulants, managing thrombosis, or both? Thrombosis and
Haemostasis 2012;107:803-5.

Fleming TR, Emerson SS. Evaluating rivaroxaban for nonvalvular atrial fibrillation — regulatory
considerations. New England Journal of Medicine 2011;365:1557-9.

Ezekowitz MD, Connolly S, Parekh A, et al. Rationale and design of RE-LY : randomized
evaluation of long-term anticoagulant therapy, warfarin, compared with dabigatran. American
Heart Journal 2009;157:805-10.e2.

Pow EW. Submission to Review. 2012.

FDA. Draft Briefing Document for the Cardiovascular and Renal Drugs Advisory Committee:
Rivaroxaban for the Prevention of stroke and systemic embolism in patients with non-valvular
atrial fibrillation, 2011. (Accessed, 20 June 2012, at:
http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/drugs/Cardio
vascularandRenalDrugsAdvisoryCommittee/ucm270796.pdf.)

Issues and Options Paper, June 2012 77


http://www.tga.gov.au/safety/alerts-medicine-dabigatran-111103.htm�
http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/drugs/CardiovascularandRenalDrugsAdvisoryCommittee/ucm270796.pdf�
http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/drugs/CardiovascularandRenalDrugsAdvisoryCommittee/ucm270796.pdf�

172.

173.

174.

175.

176.
177.

178.

179.

180.

181.

182.

183.

184.

The Council of Australian Therapeutic Advisory Groups. Submission to Review. 2012.

Safe and Quality Use of Medicines and the Anticoagulant Working Party. Guidelines for
managing patients on Dabigatran (Pradaxa®) who present to hospital. In: The State of Queensland
(Queensland Health), 2011.

Granger CB, Hanna M, Wallentin L. Apixaban versus warfarin in atrial fibrillation. New England
Journal of Medicine 2012;366:88-90.

Eerenberg ES, Kamphuisen PW, Sijpkens MK, Meijers JC, Buller HR, Levi M. Reversal of
rivaroxaban and dabigatran by prothrombin complex concentrate. Circulation 2011.

Australasian College of Emergency Medicine. Submission to Review. 2012.
Nayagam P. Submission to Review. 2012.

Healey JS, Eikelboom J, Douketis J, et al. Peri-procedural bleeding and thromboembolic events
with dabigatran compared to warfarin: results from the RE-LY randomized trial. Circulation 2012.

Lakkireddy D, Reddy YM, Di Biase L, et al. Feasibility and safety of dabigatran versus warfarin
for periprocedural anticoagulation in patients undergoing radiofrequency ablation for atrial
fibrillation: results from a multicenter prospective registry. J Am Coll Cardiol 2012;59:1168-74.

Consumers Health Forum of Australia. Submission to Review. 2012.

Uchino K, Hernandez AV. Dabigatran association with higher risk of acute coronary events:
meta-analysis of noninferiority randomized controlled trials. Arch Intern Med 2012;172:397-402.

Bayer Australia Limited. Product Information: XARELTO® (rivaroxaban), 2012. (Accessed at:
https://www.ebs.tga.gov.au/ebs/picmi/picmirepositorynsf/pdf?OpenAgent&id=CP-2009-PI-
01020-3).

Bristol-Myers Squibb Australia Pty Ltd. Product Information: ELIQUIS® (apixaban), 2012.
(Accessed at: https://www.ebs.tga.gov.au/ebs/picmi/picmirepository.nsf/pdf?OpenAgent&id=CP-
2011-P1-03072-3.)

Press Release: European Medicines Agency updates patient and prescriber information for
Pradaxa, 25 May 2012, European Medicines Agency. (Accessed, 28 June 2012, at:
http://www.ema.europa.eu/ema/index.jsp?curl=pages/medicines/human/public_health alerts/2012
/05/human_pha_detail_000061.jsp&mid=WC0b01ac058001d126.)

78

Review of Anticoagulation Therapies in Atrial Fibrillation


https://www.ebs.tga.gov.au/ebs/picmi/picmirepositorynsf/pdf?OpenAgent&id=CP-2009-PI-01020-3�
https://www.ebs.tga.gov.au/ebs/picmi/picmirepositorynsf/pdf?OpenAgent&id=CP-2009-PI-01020-3�
https://www.ebs.tga.gov.au/ebs/picmi/picmirepository.nsf/pdf?OpenAgent&id=CP-2011-PI-03072-3�
https://www.ebs.tga.gov.au/ebs/picmi/picmirepository.nsf/pdf?OpenAgent&id=CP-2011-PI-03072-3�
http://www.ema.europa.eu/ema/index.jsp?curl=pages/medicines/human/public_health_alerts/2012/05/human_pha_detail_000061.jsp&mid=WC0b01ac058001d126�
http://www.ema.europa.eu/ema/index.jsp?curl=pages/medicines/human/public_health_alerts/2012/05/human_pha_detail_000061.jsp&mid=WC0b01ac058001d126�

	Paper-based publications
	Internet sites
	Acronyms and abbreviations
	Executive summary
	1 About the review
	1.1 Review of Anticoagulation Therapies in Atrial Fibrillation
	1.1.2 Terms of reference for the Review

	1.2 PBAC consideration of dabigatran
	1.3 Stakeholder submissions
	1.4  Reference group
	1.5 Structure of this paper

	2 About atrial fibrillation and stroke
	2.1 Atrial fibrillation
	2.2 Stroke
	2.3 Prevalence of atrial fibrillation
	2.4 Management of atrial fibrillation
	2.5 Stroke risk stratification
	2.6 Bleeding risk stratification
	2.7 Anticoagulation therapy

	3 About warfarin
	3.1 Mechanism of action of warfarin
	3.2 Warfarin efficacy
	3.3 Therapeutic range of warfarin

	4 Issues and options for the use of warfarin
	4.1 Management of stroke prevention in atrial fibrillation
	4.1.1 A significant percentage of the population with atrial fibrillation is undiagnosed
	4.1.2 Co-existing conditions and concomitant medicines complicate treatment
	4.1.3 Guidelines and management algorithms
	4.1.4 Noncompliance with guidelines and undertreatment of patients with AF
	OPTIONS AND QUESTIONS FOR THE REVIEW

	4.2 Warfarin monitoring and maintaining an INR within the therapeutic range
	4.2.1 Warfarin has a narrow therapeutic index
	4.2.2 Warfarin requires regular monitoring to maintain a therapeutic INR
	4.2.3 A range of models are used for monitoring INR in Australia and internationally
	OPTIONS AND QUESTIONS FOR THE REVIEW

	4.3 Initiation of warfarin
	OPTIONS AND QUESTIONS FOR THE REVIEW

	4.4 Intrapatient variability in response to warfarin
	4.4.1 Medicine interactions
	4.4.2 Patient compliance and adherence
	4.4.3 Changes in blood and tissue levels of vitamin K
	4.4.4 Concurrent illness
	OPTIONS AND QUESTIONS FOR THE REVIEW

	4.5 Interpatient variability in response to warfarin
	OPTIONS AND QUESTIONS FOR THE REVIEW

	4.6 Warfarin and intracranial haemorrhage
	OPTIONS AND QUESTIONS FOR THE REVIEW


	5 About new oral anticoagulants
	5.1 Mechanism of action
	5.2 Clinical trials

	6 Issues and options for the use of new oral anticoagulants
	6.1 Efficacy of new oral anticoagulants compared to warfarin
	6.2 Safety of new oral anticoagulants compared to warfarin
	6.2.1 Safety data from regulatory agencies

	6.3 Factors impacting on safety and efficacy of new oral anticoagulants compared to warfarin
	6.3.1 Impact of trial centre’s average TTR on efficacy and safety of NOACs compared to warfarin
	6.3.2 Impact of patient stroke and bleeding risk on efficacy and safety of NOACs compared to warfarin
	6.3.3 Impact of age on efficacy and safety of new oral anticoagulants compared to warfarin
	6.3.4 Impact of renal function
	6.3.5 Estimation of renal function
	OPTIONS AND QUESTIONS FOR THE REVIEW

	6.4 Monitoring new oral anticoagulants
	6.4.1 Regular monitoring
	6.4.2 Validated test for anticoagulation intensity
	6.4.3 Switching between anticoagulants
	6.4.4 Variability in response to new oral anticoagulants
	Medicine interactions
	Patient compliance and adherence


	6.5 Reversal of bleeding with new oral anticoagulants
	6.5.1 Management of bleeding
	6.5.2 Reversal of dabigatran
	6.5.3 Reversal of other new oral anticoagulants
	6.5.4 Reversal of new oral anticoagulants in perioperative settings
	6.5.5 Cost of reversal
	OPTIONS AND QUESTIONS FOR THE REVIEW

	6.6 Translation of the results of the key pivotal clinical trials of NOACs into practice
	OPTIONS AND QUESTIONS FOR THE REVIEW

	6.7 Miscellaneous
	6.7.1 Myocardial infarction


	Appendix 1 New oral anticoagulation agents — further information
	References

