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Executive summary
Introduction

Acute coronary syndromes (ACS) are a major cause of morbidity and mortality in the UK.
Early diagnosis and prompt, effective therapy are essential to reverse ischaemia, restore
normal coronary blood flow, and limit myocardial damage. (see Section 2.1)

In England alone there were approximately 146,000 ACS hospital admissions in 2008-2009.
In the UK, approximately 16% of all ACS patients die before admission to a hospital while
survivors often have persistent angina symptoms, heart failure and a high risk of further ACS
episodes. Effective acute management is essential to reduce the in-hospital risk of morbid
and fatal events, while effective longer-term follow-up therapy is also important to reduce the
risk of subsequent events that may adversely impact the patients’ life expectancy and place
additional economic burdens on the health care system. (see Section 2.1)

Initial treatment decisions are primarily guided by the presenting diagnosis — differentiating
STEMI (which requires immediate emergency restoration of blood flow in an occluded
coronary artery) from UA/NSTEMI (where a partial thrombotic obstruction leads to impaired
blood flow that needs to be restored promptly but not urgently). (see Section 2.1)

The aim of the clinical management of acute coronary syndrome is to restore normal
coronary blood flow, reverse ischaemia and limit infarction. Regardless of the initial
reperfusion strategy chosen to restore coronary blood flow, prevention of further coronary
thrombosis with antiplatelet therapy is a key component of acute management. In the long
term, antiplatelet therapy is effective in reducing the likelihood of additional, recurrent events.
(see Section 2.1)

Ticagrelor is a new class of oral platelet inhibitor which, in comparison to clopidogrel, has
demonstrated a significant reduction in the composite of CV death, non-fatal MI, or non-fatal
stroke across a broad spectrum of ACS patients, without an increase in overall major
bleeding. Ticagrelor has the potential to significantly improve outcomes in ACS patients
regardless of management strategy — invasive, conservative, medical, surgical, or
percutaneous coronary intervention (PCI). Full adoption of ticagrelor for 12 months use
within licensed indications by the NHS could save approximately 160 lives (assuming 12,000
patients taking the drug).

The Technology
The UK approved name: Ticagrelor
UK Brand name: Brilique™

Marketing status: Marketing Authorisation via the European Centralised Procedure is
pending. The European Medicines Agency (EMA) Committee for Medicinal Products for
Human use (CHMP) adopted a positive opinion on 23 September 2010. Marketing
Authorisation is expected December 2010. (see Section 1.3).

Principal mechanism of action of ticagrelor:

Ticagrelor is a direct-acting P2Y, receptor antagonist that has a different mechanism of
action to the thienopyridines. Ticagrelor, one of a new chemical class of antiplatelet agents
called cyclopentyltriazolopyrimidines (CPTP), is the first reversibly binding oral adenosine
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diphosphate (ADP) receptor antagonist. It is a ADP-receptor antagonist acting on the P2Y,
ADP-receptor that can prevent ADP-mediated platelet activation and aggregation.
Ticagrelor does not interact with the ADP binding site itself, but interacts with platelet P2Y 4,
ADP-receptor to prevent signal transduction. (see Section 1.2).

The frequency formulation(s), strength(s), pack size(s), maximum quantity(ies),
anticipated of any repeat courses of treatment and acquisition cost:

Film coated tablets containing 90mg ticagrelor are supplied in packs of 56 tablets (28 days).
The acquisition cost has not been finalised although we anticipate that a 28 day pack will
cost £54.60. Ticagrelor treatment should be initiated with a single loading dose of 180mg (2
tablets of 90mg) and continued at 90mg twice daily. The licensed duration of treatment will
be up to 12 months. Repeated courses are not anticipated. (see Section 1.10)

The indication(s) and any restriction(s): Committee for Medicinal Products (CHMP)
positive opinion has been adopted for the following indication:- Ticagrelor, co-administered
with acetylsalicylic acid (ASA), is indicated for the prevention of atherothrombotic events in
adult patients with Acute Coronary Syndromes (unstable angina, non-ST-elevation
Myocardial Infarction [NSTEMI] or ST-elevation Myocardial Infarction [STEMI]); including
patients managed medically, and those who are managed with percutaneous coronary
intervention (PCI) or coronary artery by-pass grafting (CABG). (see Sectionl.5).

No significant restrictions are anticipated other than those listed in the SPC and no dose
adjustments are required including the elderly population and those with renal impairment or
mild hepatic impairment. (see Section 1.10)

The recommended course of treatment: Continuous treatment for up to 12 months is
recommended. (see Section 1.10).

The main comparator(s): The comparators identified are clopidogrel (standard of care in
UK) and prasugrel (very limited use) (see Section 2.6).

NICE Clinical Guideline 94 recommends dual anti-platelet therapy (clopidogrel and aspirin)
for UA or NSTEMI patients with a predicted 6-month mortality of more than 1.5%.
Recommended treatment duration is 12 months after the most recent acute episode of non-
ST-segment-elevation ACS. Whilst NICE Clinical Guideline 48 advocates the use of
clopidogrel for at least 4 weeks post STEMI, European guidelines for management of
patients with STEMI recommend dual antiplatelet therapy (clopidogrel with aspirin) for 12
months irrespective of acute treatment. (see Section 2.3).

NICE has also recommended the use of prasugrel (NICE Technology Appraisal 182) in
combination with aspirin as an option for preventing atherothrombotic events in people with
acute coronary syndromes having PCI only when:

e immediate primary PCI for ST-segment-elevation myocardial infarction is necessary
or

e stent thrombosis has occurred during clopidogrel treatment
or

¢ the patient has diabetes mellitus. (see Section 2.3)

Key Clinical Evidence: The key clinical evidence for ticagrelor comes from a large
randomised controlled clinical trial (PLATO/ Wallentin et al.2009) that enrolled adult ACS
patients (STEMI, NSTEMI and UA, including a UK population) irrespective of planned
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intervention (e.g. PCI). PLATO compared ticagrelor (180 mg loading dose, 90 mg twice
daily thereafter) with clopidogrel (300 or 600 mg loading dose, 75 mg thereafter) in 18,624
patients with ACS over a 12 month period (See Section 5.3). Subgroup analyses of the
PLATO study provide supportive evidence for the consistent, broad, efficacy of ticagrelor
(see Section 5.5). Safety data are also available for the PLATO study. (see Section 5.9).

The main clinical results of the randomised controlled trials (RCTs) and any relevant
non-RCT evidence: In PLATO, treatment with ticagrelor compared to clopidogrel
significantly reduced the rate of death from vascular causes, non-fatal myocardial infarction,
or non-fatal stroke without an increase in the rate of overall major bleeding. The primary
endpoint, time to the first occurrence of the composite of death from vascular causes, non-
fatal MI and non-fatal stroke occurred with an event rate of 9.8% per year in the ticagrelor
treatment group compared to 11.7% per year in the clopidogrel treatment group (Absolute
risk reduction [ARR] 1.9%, relative risk reduction [RRR] 16%, (HR [95%CI]) = 0.84 [0.77-
0.92], p<0.001). (see Section 5.5)

Further analysis suggests that the reduction in primary endpoint was driven by approximately
equal reductions in the incidence of Ml and death from vascular causes. Ml occurred with an
event rate of 5.8% per year in the ticagrelor treatment group compared to 6.9% per year in
the clopidogrel treatment group (ARR 0.9%, RRR 16%, HR [95%CI] = 0.84 [0.75-0.95],
p=0.005). Death from vascular causes occurred with an event rate of 4.0% per year in the
ticagrelor treatment compared to 5.1% in the clopidogrel treatment group (ARR 1.1%, RRR
21%, HR [95%CIl] = 0.79 [0.69-0.91], p=0.001). There was no effect observed on the rate of
stroke. (see Section 5.5).

An exploratory analysis of total mortality identified a lower incidence in the ticagrelor arm of
the study. Death from any cause occurred with an event rate of 4.5% per year in the
ticagrelor treatment group compared to 5.9% per year in the clopidogrel treatment group
(ARR 1.4%, RRR 22%, HR [95%CI]) = 0.78 [0.69-0.89], nominal p<0.001). (see Section
5.5).

Sub-group analyses of the PLATO study (see Section 5.5) demonstrated that similar
reductions in the primary endpoint were observed in patients:

¢ identified at randomisation with investigator intent for early invasive strategy
(angiography followed by PCI or CABG) or early conservative strategy (angiography
only if the patient develops further symptoms or becomes clinically unstable)

¢ undergoing CABG

e presenting with ST elevation or new left branch bundle block (LBBB) at randomisation
or having a final diagnosis of STEMI/LBBB)

Subgroup analyses also demonstrated that the magnitude of the reduction in the primary
endpoint with ticagrelor was not affected by diabetes status or by CYP2C19 gene
expression. (See Section 5.5)

The PLATO study included specific safety objectives to evaluate the bleeding profile of
ticagrelor compared to clopidogrel. Bleeding constitutes the most common, clinically
significant safety concern during effective anti-platelet treatment.
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There was no overall significant difference in the primary safety endpoint between the
ticagrelor and clopidogrel arms of the study. The primary safety endpoint, time to first major
PLATO defined bleed had an event rate of 11.6% per year in the ticagrelor treatment group
compared to 11.2% per year in the clopidogrel treatment group (absolute risk increase
0.4%; relative risk increase 4%; HR [95%CI] = 1.04 [0.95-1.13], p=0.43). Ticagrelor was,
however, associated with a higher incidence of non-CABG-related major bleeding and non-
procedural bleeding events compared to clopidogrel. (see Section 5.9).

There are no head to head trials comparing ticagrelor with prasugrel so in order to address
the decision problem for this appraisal an indirect comparison was necessary. Following a
systematic review, it was found that, other than PLATO, only one study was eligible for
inclusion in the indirect comparison: TRITON-TIMI 38 which provides data on prasugrel via
the common comparator of clopidogrel (see Section 5.7). We believe that an indirect
comparison of these studies is entirely inappropriate because of very important differences
in target population, clopidogrel dosing and definition of endpoints. We have explained this
in detail in section 5.7. Despite these concerns we have included the results of a published
study that attempted to compare ticagrelor with prasugrel in our cost effectiveness analysis
to address the decision problem (see Section 5.7).

We emphasise that the results of this indirect comparison should be viewed with extreme
caution.

Type of economic evaluation and justification for the approach used: An Excel-based
cost-utility model was developed in line with the ‘Guide to the methods of technology
appraisal’, published by NICE in June 2008. The model is a two-part construct with a one-
year decision tree, based on data from the PLATO study, and a Markov model for long term
extrapolation to ensure that all major clinical and resource generating events that a patient
may experience throughout the course of their remaining life are captured. A systematic
literature search identified a number of papers that modelled cost-effectiveness in an ACS
population (see Section 6.1.2). A review of these papers showed that the approach of using
a short-term decision tree followed by a Markov model was common (Karnon et al, 2006,
Vergel et al, 2007, Henriksson et al, 2008). In addition, this approach has also been used by
independent evidence review groups in the preparation of Health Technology Assessments
commissioned by the Institute in the ACS arena (Glycoprotein llb/llla Antagonists, 2002,
TA80 Clopidogrel in NSTEMI, 2004). Based on this evidence, the model structure selected
was deemed to be valid and appropriate to answer the decision problem.

Pivotal assumptions underlying the model/analysis:

o Adverse events are not modelled explicitly however both costs and health related quality
of life decrements associated with all adverse events are still included in the analysis as
they are part of the individual patient level data from the PLATO HECON sub-study that
are used to estimate costs and QALYs for the different nodes of the short-term decision
tree.

e |t is assumed that adverse events such as bleeding and dyspnoea have no long-term
prognostic impact beyond the duration of the clinical trial.

¢ No treatment effects were modelled beyond the one-year decision tree.

e The probability of having a non-fatal Ml or non-fatal stroke at least one-year post the
index ACS event is assumed to be constant at 3.15% and 1.02% respectively.
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o The relative risk compared to standard UK life tables of dying at least one-year after
having a subsequent Ml is assumed to be the same as that of dying at least one year
post the index ACS event.

e No discontinuations other than due to death are included in the model.

Cost effectiveness results

The results of the cost-effectiveness analysis are shown in the tables below. It can been
seen that ticagrelor is highly cost-effective versus clopidogrel over the 40-year time horizon
with a cost per LYG of £3,075 and a cost per QALY gained of £3,696.

Base-case results — cost per LYG (deterministic)

ICER (£)
. Total costs Incremental Incremental .
Technologies ) Total LYG costs (£) LYG incremental
(QALYSs)
Clopidogrel £13,737 7.602
Ticagrelor £14,135 7.736 £398 0.129 £3,075
Base-case results — cost per QALY (deterministic)
ICER (£
Technologies Total costs Total Incremental Incremental increme(n?[al
£ ALYs costs (£ ALYs
® Q (®) Q (QALYs)
Clopidogrel £13,737 6.275
Ticagrelor £14,135 6.382 £398 0.108 £3,696

Estimated budget impact

The estimated annual budget impact for the NHS in England and Wales, in the first five
years following the introduction of ticagrelor for the prevention of atherothrombotic events in
adult patients with ACS is estimated at £2.9 in 2011 rising to £44.2m in 2015. Taking itnto
account the cost of clopidogrel and the resource use saving, the net estimated annual
budget impact for the NHS in England & Wales in 2011 is £1.6m in 2011, rising to £24.4m in
2015. Further details of the budget impact analysis can be found in Section C.

Conclusion

Ticagrelor offers potential substantial advances over the current standard of care. Unlike
prasugrel it has demonstrated significant clinical advantages over clopidogrel across a broad
spectrum of ACS patients, with no increase in major bleeding. Ticagrelor has a substantially
favourable efficacy profile over clopidogrel, including a mortality benefit. Importantly, this
benefit comes with a cost per QALY of £3,696, and provides the NHS with a new cost
effective option for the treatment of ACS.
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Section A — Decision problem

1 Description of technology under assessment

1.1 Give the brand name, approved name and, when appropriate, therapeutic
class. For devices, provide details of any different versions of the same
device.

Generic name: Ticagrelor
Brand name: Brilique™
Approved name: Brilique 90 mg film-coated tablets.

Therapeutic class: Platelet aggregation inhibitors excluding heparin. ATC code: BO1AC24
ticagrelor.

Ticagrelor was discovered and developed in the UK.
1.2 What is the principal mechanism of action of the technology?

Ticagrelor is a direct-acting P2Y, receptor antagonist that has a different mechanism of
action than the thienopyridines. Ticagrelor, one of a new chemical class of antiplatelet
agents called cyclopentyltriazolopyrimidines (CPTP), is the first reversibly binding oral
adenosine diphosphate (ADP) receptor antagonist. It is a selective ADP-receptor antagonist
acting on the P2Y,, ADP-receptor that can prevent ADP-mediated platelet activation and
aggregation. Ticagrelor does not interact with the ADP binding site itself, but interacts with
platelet P2Y,, ADP-receptor to prevent signal transduction.

1.3 Does the technology have a UK marketing authorisation/CE marking for the
indications detailed in this submission? If so, give the date on which
authorisation was received. If not, state current UK regulatory status, with
relevant dates (for example, date of application and/or expected approval
dates).

Marketing Authorisation via the European Centralised Procedure is pending. The European
Medicines Agency (EMA) Committee for Medicinal Products for Human use (CHMP)
adopted a positive opinion on 23™ September 2010. Marketing Authorisation is expected
December 2010.

1.4 Describe the main issues discussed by the regulatory organisation
(preferably by referring to the [draft] assessment report [for example, the
EPAR]). If appropriate, state any special conditions attached to the
marketing authorisation (for example, exceptional
circumstances/conditions to the licence).

The European Public Assessment Report (EPAR) is anticipated at the time of Marketing
Authorisation. Details on the main issues discussed by the regulatory authorities will be
provided when this report is available.
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15 What are the (anticipated) indication(s) in the UK? For devices, provide the
(anticipated) CE marking, including the indication for use.

The following is the indication for which the positive opinion has been adopted by the CHMP:

Ticagrelor, co-administered with acetylsalicylic acid (ASA), is indicated for the prevention of
atherothrombotic events in adult patients with Acute Coronary Syndromes (unstable angina,
non ST elevation Myocardial Infarction [NSTEMI] or ST elevation Myocardial Infarction
[STEMI]); including patients managed medically, and those who are managed with
percutaneous coronary intervention (PCI) or coronary artery by-pass grafting (CABG).

1.6 Please provide details of all completed and ongoing studies from which
additional evidence is likely to be available in the next 12 months for the
indication being appraised.

No new studies are due to report within the next 12 months.

1.7 If the technology has not been launched, please supply the anticipated
date of availability in the UK.

It is estimated that ticagrelor will be commercially available in the UK end of December 2010
[ early January 2011 depending on Marketing Authorisation.

1.8 Does the technology have regulatory approval outside the UK? If so,
please provide details.

No

1.9 Is the technology subject to any other form of health technology
assessment in the UK? If so, what is the timescale for completion?

AstraZeneca are planning to submit to the Scottish Medicines Consortium (SMC) on 6™
December 2010 with advice expected to be published on the SMC website in April 2011.

1.10 For pharmaceuticals, please complete the table below. If the unit cost of
the pharmaceutical is not yet known, provide details of the anticipated unit
cost, including the range of possible unit costs.

Table 1.1: Unit costs of technology being appraised

Pharmaceutical formulation Film-coated tablet

Acquisition cost (excluding VAT) The acquisition cost has not been finalised.
For a 28 day pack an acquisition cost of £54.60 is
anticipated.

Pack size 28 day

Method of administration Oral

Doses Ticagrelor treatment should be initiated with a

single 180mg loading dose (two tablets of 90mg)
and then continued at 90mg twice daily

Dosing frequency Twice daily
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Average length of a course of treatment Up to 12 months

Average cost of a course of treatment The acquisition cost has not been finalised. For a
28 day pack an acquisition cost of £54.60 is
anticipated.

Anticipated average interval between courses The anticipated use of ticagrelor is for a single
of treatments course of treatment up to 12 months. Repeated
courses are not anticipated.

Anticipated number of repeat courses of Not applicable - see above
treatments
Dose adjustments No dose adjustments are required. This includes

the elderly population and those with renal
impairment or mild hepatic impairment

1.11 For devices, please provide the list price and average selling price. If the
unit cost of the device is not yet known, provide details of the anticipated
unit cost, including the range of possible unit costs.

Not applicable.

1.12 Are there additional tests or investigations needed for selection, or
particular administration requirements for this technology?

Not applicable. There are no additional tests or investigations needed for the selection of
patients for treatment.

1.13 Is there a need for monitoring of patients over and above usual clinical
practice for this technology?

No monitoring above usual clinical practice is required with ticagrelor.

1.14 What other therapies, if any, are likely to be administered at the same time
as the intervention as part of a course of treatment?

Patients taking ticagrelor should also take aspirin daily unless specifically contraindicated.
Following an initial dose of 300 mg of aspirin, ticagrelor should be used with a maintenance
dose of 75-150 mg once a day of aspirin.
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2 Context

2.1 Please provide a brief overview of the disease or condition for which the
technology is being used. Include details of the underlying course of the
disease.

Acute coronary syndromes (ACS) including unstable angina (UA) and acute myocardial
infarction (AMI) are a major cause of morbidity and mortality in the developed world (Taylor
et al. 2007). In 2006/7 there were 70,000 cases of UA, and 113,000 cases of acute
myocardial infarction (AMI) with 24,000 subsequent Mis in the UK (NICE scope: Ticagrelor
for the treatment of ACS). It is estimated that there were approximately 146,000 hospital
admissions with all ACS in England alone for the period 2008 to 2009 (Hospital Episode
Statistics Online [HES] 2008-2009). ACS is one of the most common causes of death in the
UK and survivors often suffer persistent angina symptoms, heart failure and have a high risk
of further ACS episodes (Scarborough et al. 2010).

ACS is a syndrome caused by acute myocardial ischaemia (a critical reduction in blood flow
to the heart muscle) precipitated by atherosclerotic plaque rupture or erosion, with differing
degrees of superimposed thrombosis, vascular constriction and coronary occlusion.

The precipitating symptom that triggers the diagnostic and therapeutic cascade is chest pain
but many patients especially women and those with diabetes can present with ACS with
atypical pain or no pain at all (Arslanian et al. 2010, Dey et al. 2009, Hasin et al. 2009). In
the UK, approximately 16% of patients with ACS die before admission to a hospital (Taylor et
al. 2007). Early diagnosis and classification of the remaining patients determines ongoing
treatment and morbidity and mortality outlook. Classification is based on the characteristics
of the presenting electrocardiogram and levels of cardiac enzymes:

¢ The presence of acute chest pain and persistent ST segment elevation indicates the
total occlusion of an affected coronary artery and is classified as ST-elevation Ml
(STEMI).

e The presence of chest pain without ST segment elevation is classified as NSTE-ACS
(non ST elevation ACS). NSTE-ACS is further sub classified into UA or non-ST-
segment myocardial infarction (NSTEMI) based on the absence or presence of
myocardial damage as evidence by the presence of elevated cardiac troponins
(Figure 1.1) (Bassand et al. 2007).
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Figure 2.1: The spectrum of ACS (Bassand et al. 2007)
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2.2 How many patients are assumed to be eligible? How is this figure derived?

It is estimated that all patients (approximately 144,000 annually) in England and Wales
presenting with ACS will be eligible for treatment with ticagrelor.

From recent Hospital Episode Statistics data approximately 136,000 patients presented with
ACS in England for the period 2009-2010 (HES online 2009-2010). Up to date hospital
episode statistics are not publicly available for Wales however, based on the incidence of
ACS in England together with 2009-based population projections for England and Wales
(National Population Projections 2009), it is estimated that there are 7,900 ACS patients in
Wales.

2.3 Please give details of any relevant NICE guidance or protocols for the
condition for which the technology is being used. Specify whether any
specific subgroups were addressed.

Summary details of NICE guidance are provided in Table 2.1.
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Table 2.1: NICE Guidance

Title Guidance | Publication Indication | Recommendations
Number Date
Health Technology Appraisal
Prasugrel for the TA182 Oct-09 ACS Prasugrel in combination with aspirin is
treatment of acute recommended as an option for preventing
coronary atherothrombotic events in the following
syndromes with patient groups - those with ACS having
percutaneous PCI, only when:
coronary e immediate primary percutaneous
intervention coronary intervention for ST-
segment-elevation myocardial
infarction is necessary or
e stent thrombosis has occurred
during clopidogrel treatment or
e the patient has diabetes mellitus.
Clinical Guidelines
Secondary CG48 May-07 NSTEMI The guideline recommends that
prevention in STEMI clopidogrel treatment (in combination with
primary and low-dose aspirin) should be continued for
secondary care for 12 months after the most recent acute
patients following a episode of non-ST-segment-elevation
myocardial ACS.
infarction
Combination of aspirin and clopidogrel
should be continued for at least 4 weeks
after an ST-segment-elevation MI.
The early CG94 Mar -10 UA and Aspirin
management of NSTEMI The guidelines recommend than aspirin is

unstable angina
and non-ST-
segment elevation
myocardial
infarction

offered to all patients unless
contraindicated starting with a single 300
mg loading dose with treatment continued
indefinitely.

For patients with aspirin hypersensitivity
clopidogrel monotherapy is suggested.

Clopidogrel
For clopidogrel treatment the guidelines
recommend a 300 mg loading dose:
o for patients with a predicted 6-
month mortality of more than
1.5% and no contraindications
(such as excessive bleeding risk)
o for all patients with no
contraindications who may
undergo PCI within 24 hours of
admission

Continued treatment with the standard
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Title Guidance | Publication Indication
Number Date

Recommendations

dose for 12 months is recommended.

In  CABG patients the guidelines
recommend considering stopping
clopidogrel five days* before CABG in
patients with low risk and for patients at
intermediate or higher risk, discussing
continuation of clopidogrel before CABG
with the cardiac surgeon and basing the
decision on the balance of ischaemic and
bleeding risk.

Glycoprotein IlIb / llla Inhibitors
Eptifibatide or tirofiban are recommended
for patients at intermediate or higher risk if
angiography is schedules within 96 hours
of admission.

In addition the guidelines recommend
consideration of abciximab as an adjunct
to PCI for patients at intermediate to
higher risk who are not already receiving
a glycoprotein llb/llla inhibitor.

*Five days is specified in the NICE guideline and varies from the SPC specified duration of seven days.

24 Please present the clinical pathway of care that depicts the context of the
proposed use of the technology. Explain how the new technology may
change the existing pathway. If a relevant NICE clinical guideline has been
published, the response to this question should be consistent with the
guideline and any differences should be explained.

Of patients presenting with chest pain suspected to be ACS, the majority of patients are
delivered to hospital from home or General Practice by the ambulance service. A small
proportion of patients present directly to Accident and Emergency (A&E) departments.

Clinical pathway for patients with STEMI

Patients that have already been assessed by the paramedical team and found to have ECG
changes consistent with STEMI are admitted directly to the cardiac unit/cardiac
catheterisation labs. For these patients with confirmed STEMI within 12 hours of onset of
symptoms, the recommendation is for immediate primary PCI consisting of angioplasty to
the occluded coronary artery and placement of a stent, or if PCI facilities are not immediately
available pharmacological reperfusion (thrombolysis) (Figure 2.2) (Van der Werf et al. 2008).
Primary PCI should be performed as soon as possible and in any case within 2 hours of first
medical contact. Where this is not possible, patients should receive thrombolysis followed
by either rescue PCI within 12 hours if ischaemic symptoms do not resolve or later pre-
discharge angiography if fibrinolysis is successful. All patients undergoing PCI for STEMI are
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recommended to receive aspirin and clopidogrel loading doses followed by maintenance
treatment with combination therapy (Van der Werf et al. 2008).

Figure 2.2: Reperfusion strategies — thick arrows represent the preferred strategy
(Van der Werf et al. 2008)
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In 2008 there were 80,331 PCls performed in the UK. Of these, 37.95% were in patients with
NSTEMI, 16.31% were in patients with STEMI and nearly all of the remaining patients had
stable disease (non - ACS) (44.38%) (BCIS Audit Returns 2008).

Clinical pathway for patients with NSTE-ACS (NSTEMI or UA)

For all patients admitted with NSTE-ACS, in line with the NICE guideline on UA and
NSTEMI (NICE Clinical Guideline 94. March 2010) first-line treatment should include a single
loading dose of aspirin and anticoagulation (e.g. heparin). For patients with hypersensitivity
to aspirin, clopidogrel monotherapy should be considered as an alternative.

Patients should be assessed using an established scoring system to predict six month
mortality and the risk of future adverse cardiovascular events to guide clinical management
in particular the need for early angiography and PCI.

With regard to management strategies, patients assessed to be at low risk of early recurrent
coronary events should be considered for a conservative non-invasive (or medical) strategy.
Patients of medium to high risk are recommended to have early coronary angiography and
revascularisation (NICE Clinical Guideline 94. March 2010). Following initial treatment with
aspirin antiplatelet therapy should be prescribed as described in Section 2.3.
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Background to antiplatelet therapy

Antiplatelet therapy is an integral part of ACS care. Aspirin, a mainstay of current practice,
irreversibly blocks platelet activation via inhibition of thromboxane synthesis. The substantial
benefits of aspirin over placebo were demonstrated by the ISIS-2 (Second International
Study of Infarct Survival 1988) study, which randomised 17,187 STEMI patients to
streptokinase alone, aspirin alone, streptokinase plus aspirin, and placebo, with a mean
follow-up of 15 months (ISIS-2 1988). Patients treated with aspirin alone had a 2.4%
absolute risk reduction in vascular mortality compared to placebo at 5 weeks. The
combination of aspirin plus streptokinase resulted in a 5.2% absolute risk reduction in 5-
week vascular mortality compared to placebo.

More recently, dual antiplatelet therapy, in which a second antiplatelet drug is added to
aspirin, has emerged as the standard of care in ACS. Clopidogrel, a thienopyridine,
irreversibly binds to the platelet ADP receptor (P2Y12), a mechanism distinct from aspirin.
The CURE (Clopidogrel in Unstable Angina to Prevent Recurrent Events) study (Yusuf et al.
2001) studied 12,562 UA/NSTEMI patients presenting within 24 hours of symptom onset. All
patients received aspirin and were randomised to either clopidogrel or placebo for 3 to 12
months. The primary endpoint, a composite of cardiovascular death, non-fatal myocardial
infarction (MI) and stroke was significantly reduced from 11.4% to 9.3%, in patients receiving
dual anti-platelet therapy (p < 0.001). Death from CV causes did not differ between the
treatment groups. There were significantly more patients with major bleeding in the
clopidogrel group than in the placebo group (3.7% vs. 2.7%, p=0.001).

Prasugrel differs from clopidogrel in its metabolism and activation, with greater potency and
a faster onset of activity. In the TRITON-TIMI 38 (Therapeutic Outcomes by Optimizing
Platelet Inhibition with Prasugrel - Thrombolysis in Myocardial Infarction 38) study (Wivott et
al. 2007) prasugrel was significantly better than clopidogrel in improving the composite of
death, nonfatal MI, and non-fatal stroke in 13,608 invasively managed ACS patients
undergoing PCI — but this benefit came at the cost of significantly more major, life-
threatening, and fatal bleeding complications, with no overall mortality benefit.

Ticagrelor

Ticagrelor represents a new treatment option for ACS. It provides an advance over the
current standard of care clopidogrel, regardless of presenting diagnosis (e.g. STEMI,
NSTEMI, UA) and management strategy (invasive or non invasive). Ticagrelor has been
included as an antiplatelet treatment option on the European Society Guidelines for
invasively managed patients with NSTE-ACS and STEMI although it is not currently
approved in any jurisdiction (Wijns et al. 2010).

Ticagrelor has been studied in a large randomised controlled clinical trial (PLATO) that
enrolled all adult ACS patient types (STEMI, NSTEMI and UA) including a UK population
without restriction on the treatment option (PCI, CABG, medically managed etc.).
Consequently, the indication for ticagrelor will reflect clinical practice in the UK (see Section
1.5).
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In the PLATO study compared to clopidogrel in combination with aspirin ticagrelor in
combination with aspirin demonstrated superior efficacy in reducing the event rate of the
primary endpoint cardiovascular death, Ml or stroke without increasing the risk of major or
fatal bleeding.

The introduction of ticagrelor will not result in any change to the existing pathway for the
management of the ACS patient. It does however have the potential to significantly improve
outcomes for all patients regardless of management strategy.

2.5 Please describe any issues relating to current clinical practice, including
any variations or uncertainty about best practice.

Existing oral antiplatelet treatments (clopidogrel and prasugrel) while effective, have
limitations that do not enable simple decision making at the point of initiation of treatment in
an emergency setting.

o Clopidogrel is indicated for both NSTEMI and STEMI, but for STEMI it is only
indicated for medically treated patients eligible for thrombolytic therapy (Plavix SPC
2010) with a recommended 12 month treatment period. Clopidogrel is also widely
used in patients undergoing PCI (including primary PCI).

e Prasugrel is indicated for both NSTEMI and STEMI, but only for patients undergoing
primary or delayed PCI (Prasugrel SPC 2009). Prasugrel has not been assessed in
patients that would be managed medically. In addition there are a number of specific
patient parameters (e.g. age and weight) which need to be taken into account before
prescribing prasugrel. Consideration of these factors adds an additional level of
complexity to the prescribing decision making process.

Even with the current standard of care (i.e. dual antiplatelet therapy with clopidogrel and
aspirin) serious CV events recur, most of them within months of the index ACS event
(Wiviott et al. 2007). Furthermore, the GRACE (Global Registry of Acute Coronary Events)
study showed that the five-year morbidity and mortality are just as high in patients with non-
STEMI and UA as those with STEMI (Fox et al. 2010). To date, the increasing efficacy of
anti-platelet therapy has been closely mirrored by an increased risk of bleeding. There
remains a need for anti-platelet therapy that provides greater efficacy in terms of improved
cardiovascular mortality over current treatments preferably without an increased risk of
serious bleeding. Compared with clopidogrel, prasugrel has a more consistent and
pronounced inhibitory effect on platelets, resulting in a lower risk of myocardial infarction and
stent thrombosis but is associated with a higher risk of major and fatal bleeding in patients
with an acute coronary syndrome who are undergoing PCI (Wiviott et al. 2007). Clopidogrel
has only demonstrated a reduction in all cause mortality in a single 45,000 STEMI patient
study performed mostly in China (Chen et al. 2005) (see Section 2.4). There are also
potential limitations with  clopidogrel given its well described inter-individual
pharmacodynamic variability with up to 30% of patients having an attenuated anti-platelet
response (e.g. non-responders) (Angiolillo et al. 2007).

The high risk ACS setting requires rapid intervention with effective antiplatelet therapy as
soon as possible after a patient presents with an ACS event. The therapeutic decision
needs to be made rapidly and often before final classification of the ACS event. This
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classification can be delayed especially when distinguishing between UA and NSTEMI
where a blood test for troponin levels is required (NICE Clinical Guideline 94. March 2010).

Unlike clopidogrel and prasugrel, ticagrelor does not require metabolic activation. Ticagrelor
has a rapid onset of action compared with clopidogrel (30 minutes vs. approximately 2
hours) (Gurbel et al. 2009). In addition ticagrelor is the first reversibly-binding oral ADP
receptor antagonist.

2.6 Please identify the main comparator(s) and justify their selection.

The main comparator is clopidogrel with aspirin, the current standard of care in ACS. This is
the comparator used in the pivotal ticagrelor trial (PLATO) and represents the majority of
antiplatelet therapy use. In addition clopidogrel is use in a similar broad ACS population to
that studied in PLATO.

Prasugrel is also used in clinical practice in line with recent NICE guidance (NICE
Technology Appraisals Guidance 182. October 2009 see Section 2.3) for a harrow group of

patients.

I » response to the NICE scope requirements and decision problem
for this appraisal ticagrelor will be compared with both clopidogrel and prasugrel.

Comparison with prasugrel will be via an indirect comparison (Biondi-Zoccai et al. 2010).
There are, to date, no direct head-to-head outcomes-based comparisons of prasugrel and
ticagrelor. There are however a number of issues with the published indirect comparison of
ticagrelor plus aspirin with prasugrel plus aspirin and the results cannot be regarded as
clinically credible. The indirect comparison is provided solely at the request of NICE and in
response to the NICE scope and decision problem. Further details are provided in Section
5.7.

2.7 Please list therapies that may be prescribed to manage adverse reactions
associated with the technology being appraised.

No specific treatments are required to manage adverse reactions associated with ticagrelor
treatment. The nature of an adverse reaction, clinical assessment and physician preference
will guide any prescribing decisions.

2.8 Please identify the main resource use to the NHS associated with the
technology being appraised. Describe the location of care, staff usage,
administration costs, monitoring and tests. Provide details of data sources
used to inform resource estimates and values.

It is proposed that ticagrelor and aspirin will be a superior treatment option to clopidogrel and
aspirin in an already established ACS treatment pathway.

Ticagrelor, co-administered with aspirin will be initiated in secondary care by cardiologists,
interventional cardiologists and physicians in A&E. There is also the possibility that it could
be initiated by paramedics in the ambulance setting. After discharge from hospital,
subsequent doses of ticagrelor will be prescribed in primary care for a period of up to 12
months unless discontinuation is clinically indicated. Renal function should be checked after
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one month and thereafter according to routine medical practice. This monitoring will not
however, involve any additional tests or costs and will be entirely consistent with usual
clinical practice in ACS patients.

See section 6.5 for further details on costings.
29 Does the technology require additional infrastructure to be put in place?

No
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3 Equity and equality

3.1 Identification of equity and equalities issues

3.1.1 Please specify any issues relating to equity or equalities in NICE guidance,
or protocols for the condition for which the technology is being used.

Not applicable.

3.1.2 Are there any equity or equalities issues anticipated for the appraisal of
this technology (consider issues relating to current legislation and any
issues identified in the scope for the appraisal)?

Not applicable.

3.1.3 How have the clinical and cost-effectiveness analyses addressed these
issues?

Not applicable.
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4 Statement of the decision problem
Final scope issued by NICE Decision problem addressed in the | Rationale if different from the scope
submission
Population Patients presenting with ACS | Patients presenting with ACS
irrespective  of whether they have | irrespective of whether they have
undergone revascularisation undergone revascularisation
Intervention Ticagrelor plus aspirin Ticagrelor plus aspirin
Comparator(s) For people who are to be managed with | For all ACS patients including those | The PLATO study included a broad spectrum
PCI: medically managed and those to be | ACS patient population with no distinction
 Clopidogrel plus aspirin managed with PCl (as per the full | made between those UA and NSTEMI
- PLATO population). patients intended to be managed invasively
e Prasugrel plus aspirin . . ;
« Clopidogrel plus aspirin and medically and the inclusion of STEMI
For people who are not to be managed . patients intended for primary PCI.
with PCI: Data on the following subgroups: STEMI, _ _
_ N NSTEMI and UA will also be presented. The PLATO-INVASIVE substudy investigated
» Clopidogrel plus aspirin the effect of ticagrelor in patients identified at
randomisation with investigator intent for an
For people who are to be managed with | jyasive strategy and undergoing early
PCI: angiography; however as only 77% of this
e Prasugrel plus aspirin cohort actually underwent PCI this subgroup
is not representative of a pure PCl-only
cohort.
Outcomes o Mortality o Mortality (all cause) The pivotal phase Il study PLATO will

e Thrombotic cardiovascular events
¢ Need for revascularisation

o Adverse effects of treatment

e Health-related quality of life

e Thrombotic cardiovascular events

o Adverse effects of treatment

e Health-related quality of life
Additional outcomes

e Recurrent ischaemia

provide efficacy and adverse event data. The
primary endpoint for this study is the time to
first occurrence of composite of death from
vascular causes, myocardial infarction or
stroke. Secondary endpoints include:
incidences of myocardial infarction alone,
vascular death alone, stroke alone, stent
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Final scope issued by NICE

Decision problem addressed in the
submission

Rationale if different from the scope

thrombosis, and death from any cause.

Outcomes which will not be considered

Data on the need for revascularisation will not
be presented. Inthe PLATO study (in line
with clinical practice) nearly all patients with
STEMI received revascularisation whilst for
patients with NSTEMI or UA it was left to the
investigators discretion as to whether the
patient was medically managed or
revascularised.

Economic
analysis

The reference case stipulates that the
cost effectiveness of treatments should
be expressed in terms of incremental
cost per quality-adjusted life year.

The reference case stipulates that the
time horizon for estimating clinical and
cost effectiveness should be sufficiently
long to reflect any differences in costs or
outcomes between the technologies
being compared.

Cost will be considered from an NHS
and Personal Social Services
Perspective

o Cost-effectiveness presented as
incremental cost per quality-adjusted
life year (QALY)

e The time horizon for the modelling
is a lifetime which is assumed to be
40 years

e Perspective: NHS and Personal
Social Services

Subgroups to be

If the evidence allows the following

Results will be presented for each of the
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Final scope issued by NICE

Decision problem addressed in the
submission

Rationale if different from the scope

considered subgroups will be considered: people | subgroups specified in the scope.
with unstable angina, NSTEMI and
STEMI
Special Not applicable Not applicable Not applicable

considerations,
including issues
related to equity
or equality
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Section B — Clinical and cost effectiveness

5 Clinical evidence
51 Identification of studies
51.1 Describe the strategies used to retrieve relevant clinical data, both

from the published literature and from unpublished data that may be
held by the manufacturer or sponsor. The methods used should be
justified with reference to the decision problem. Sufficient detail
should be provided to enable the methods to be reproduced, and
the rationale for any inclusion and exclusion criteria used should be
provided. Exact details of the search strategy used should be
provided in section 9.2, appendix 2.

Relevant clinical data were identified by means of a Medline search using the
keywords ‘ticagrelor and ‘AZD6140’, with the following limits ‘clinical trial' and
‘humans’. Three additional studies, unpublished at the time of search, previously
presented at international cardiology congresses and expected to be published
during this appraisal were included from AstraZeneca’s internal database.
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5.2 Study selection

521 Describe the inclusion and exclusion selection criteria, language
restrictions and the study selection process. A justification should
be provided to ensure that the rationale is transparent. A suggested
format is provided below.

Table 5.1: Eligibility criteria used in search strategy

Clinical effectiveness

Inclusion criteria

Population - patients with acute coronary syndromes or coronary
artery disease

Interventions - involving licensed dose of ticagrelor
Outcomes - clinical efficacy and safety

Study design - randomised, double-blind controlled trials
Language restrictions - none

Exclusion criteria

Population - healthy volunteers

Interventions - involving unlicensed dose of ticagrelor
Outcomes - non-clinical/experimental outcomes
Study design - methodological papers

Language restrictions - none

5.2.2 A flow diagram of the numbers of studies included and excluded at each
stage should be provided using a validated statement for reporting
systematic reviews and meta-analyses such as the QUOROM statement
flow diagram (www.consort-statement.org/?0=1065). The total number of
studies in the statement should equal the total number of studies listed
in section 5.2.4.
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Figure 5.1: Flow diagram depicting the study selection process
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5.2.3 When data from a single RCT have been drawn from more than one

source (for example, a poster and a published report) and/or when
trials are linked (for example, an open-label extension to an RCT),
this should be made clear.

PLATO is the main phase Ill study (Wallentin et al. 2009). Six of the studies
(PLATO-INVASIVE, PLATO-MEDICAL, PLATO-STEMI, PLATO-DIABETES, PLATO-
GENETICS and PLATO-CABG) sub-analyses of the main phase are also included
(see Section 5.3.7).

Complete list of relevant RCTs
5.24 Provide details of all RCTs that compare the intervention with other
therapies (including placebo) in the relevant patient group.

PLATO compares ticagrelor plus aspirin with clopidogrel plus aspirin in patients with
ACS (Table 5.2)
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Table 5.2: Phase lll RCT included in the document

Trial name Study of Platelet Inhibition and Patient Outcomes
(PLATO)

Intervention Ticagrelor

Comparator Clopidogrel

Population Adult patients with acute coronary syndrome

Study reference Wallentin et al. New Eng. J. Med. 2009; 361(11): 1045-
1057

525 Please highlight which of the RCTs identified above compares the

intervention directly with the appropriate comparator(s) with
reference to the decision problem. If there are none, please state
this.

PLATO compares ticagrelor with the most appropriate comparator, clopidogrel.
Clopidogrel is currently the only oral anti-platelet agent with an indication in ACS
similar to that submitted for ticagrelor — the treatment of patients with STEMI,
NSTEMI and UA, managed via PCl, CABG or through medical intervention only, for
12 months.

The study which is most relevant to the decision problem is the PLATO study.
PLATO compared ticagrelor (180 mg loading dose, 90 mg BD thereafter) with
clopidogrel (300 or 600 mg loading dose, 75mg thereafter) in 18,624 patients with
acute coronary syndromes (STEMI, NSTEMI and UA, managed medically or via
PCI/CABG) over a 12 month period.

5.2.6 When studies identified above have been excluded from further
discussion, a justification should be provided to ensure that the
rationale for doing so is transparent. For example, when studies
have been identified but there is no access to the level of trial data
required, this should be indicated.

The studies identified in the literature but excluded from further discussion are either
experimental or Phase | or Phase Il studies employing unlicensed doses of ticagrelor
and/or unlicensed patient populations and/or report non-clinical endpoints.

List of relevant non-RCTs

5.2.7 Please provide details of any non-RCTs (for example experimental
and observational data) that are considered relevant to the decision
problem and a justification for their inclusion. Full details should be
provided in section 5.8 and key details should be presented in a
table; the following is a suggested format.

No evidence of this type has been included for consideration
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5.3
531

Methods
5.3.2

Summary of methodology of relevant RCTs

As a minimum, the summary should include information on the RCT(s)
under the subheadings listed in this section. Items 2 to 14 of the CONSORT
checklist should be provided, as well as a CONSORT flow diagram of
patient numbers (www.consort-statement.org). It is expected that all key
aspects of methodology will be in the public domain; if a manufacturer or
sponsor wishes to submit aspects of the methodology in confidence, prior
agreement must be requested from NICE.

Describe the RCT(s) design (for example, duration, degree and method of
blinding, and randomisation) and interventions. Include details of length of
follow-up and timing of assessments. The following tables provide a
suggested format for when there is more than one RCT.
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Table 5.3: Summary of methodology for PLATO (Wallentin et al. 2009)

Trial PLATO
Location Worldwide, multi-centre
18 UK centres recruited patients
Design Randomised, double-blind, double-dummy parallel group,

phase Il study

Duration of study

12 months

Method of randomisation

Computer generated blocks of numbers, blinded to the
investigators (1:1)

Method of blinding (care provider,
patient and outcome assessor)

Double-blind (patient and investigator)

Intervention(s) (n=9,333) and | Ticagrelor (180 mg loading dose, 90 mg twice daily (bid)

comparator(s) (n=9,291) thereafter, n=9,333) versus clopidogrel (300 or 600 mg
loading dose, 75 mg once daily (od) thereafter, n=9,291)

Primary  outcomes  (including | Time to first occurrence of composite of death from vascular

scoring methods and timings of
assessments)

causes, myocardial infarction or stroke. Endpoint events
were independently adjudicated.

Secondary outcomes (including
scoring methods and timings of
assessments)

The first prespecified secondary endpoint was the primary
endpoint in patients for whom early invasive management
was planned at randomisation.

Additional secondary endpoints (analysed for the entire
study population) were;

o The composite of death from any cause, myocardial
infarction and stroke

e The composite of death from vascular causes,

myocardial infarction, stroke, severe recurrent
cardiac ischemia, recurrent cardiac ischaemic
transient ischaemic attack or other arterial

thrombotic events
e Myocardial infarction alone
e Death from vascular causes alone
e Stroke alone
e Death from any cause

Duration of follow-up

Minimum 6 months
Maximum 12 months
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Participants

5.3.3

Provide details of the eligibility criteria (inclusion and exclusion) for

the trial. The following table provides a suggested format for the
eligibility criteria for when there is more than one RCT. Highlight any
differences between the trials.

Table 5.4: Eligibility criteria for PLATO (Wallentin et al. 2009)*

Inclusion criteria

Exclusion criteria

Patients hospitalised for an acute
coronary syndrome, with ST-
segment elevation or new LBBB
during the previous 24 hours

Patients hospitalised without ST-
segment elevation during the
previous 24 hours with at least
two of the following three criteria,;
ST-segment changes indicative of
ischaemia, a positive test for a
biomarker indicative of myocardial
necrosis; or one of several risk
factors (age >60; previous Ml or
CABG; coronary artery disease
with stenosis >50%; previous
ischaemic stroke, TIA, carotid
stenosis >50% or previous
cerebral revascularisation;
diabetes mellitus; peripheral
vascular disease; or renal
dysfunction)

Main exclusion criteria were; any
contraindication against the use of
clopidogrel, fibrinolytic therapy within 24

hours before randomisation, a need for oral
anticoagulation therapy, an increased risk of
bradycardia without an implanted pacemaker,
and concomitant therapy with a strong
cytochrome P450 3A inhibitor or inducer

*Adapted from the Pharmaceutical Benefits Advisory Committee (PBAC) (2008).Guidelines for
preparing submission to the PBAC (Version 4.30. Canberra PBAC)
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5.34 Describe the patient characteristics at baseline. Highlight any
differences between study groups. The following table provides a

suggested format

for the presentation

baseline patient

characteristics for when there is more than one RCT.

Table 5.5: Baseline characteristics of participants in the PLATO study

(Wallentin et al. 2009)

Characteristic

Ticagrelor Group (n=9,333)

Clopidogrel Group (n=9,291)

Median age, yr 62.0 62.0
Age >75 yr, % 15.0 16.0
Female Sex, % 28.4 28.3
Median Body Weight, kg 80.0 80.0
Body Weight < 60kg, % 7.0 7.1
Median BMI 27 27
Race, %
White 91.8 91.6
Black 1.2 1.2
Asian 5.8 6.0
Other 1.2 1.2
Cardiovascular Risk Factor, %
Habitual Smoker 36.0 35.7
Hypertension 65.8 65.1
Dyslipidaemia 46.6 46.7
Diabetes Mellitus 24.9 25.1
Other Medical History, %
Ml 20.4 20.7
PCI 13.6 13.1
CABG 5.7 6.2
Congestive Heart Failure 5.5 5.8
Nonhaemorrhagic Stroke 3.8 4.0
Peripheral Arterial Disease 6.1 6.2
Chronic Renal Disease 4.1 4.4
History of Dyspnoea 15.1 14.6
COPD 5.9 5.7
Asthma 29 2.9
Gout 2.9 2.8
Eﬁtsri)t/i’v;)Troponin | Test at Study 85.3 86.1
Final Diagnosis of ACS, %
STEMI 37.5 38.0
NSTEMI 42.9 42.5
Unstable Angina 16.6 16.8
Other / Missing Data 3.0 2.7
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Outcomes

5.35

Provide details of the outcomes investigated and the measures used to
assess those outcomes. Indicate which outcomes were specified in the
trial protocol as primary or secondary, and whether they are relevant
with reference to the decision problem. This should include therapeutic
outcomes, as well as patient-related outcomes such as assessment of
health-related quality of life, and any arrangements to measure
compliance. Data provided should be from pre-specified outcomes
rather than post-hoc analyses. When appropriate, also provide evidence
of reliability or validity, and current status of the measure (such as use

within UK clinical practice).

Table 5.6: PLATO primary and secondary outcomes (Wallentin et al. 2009)

Primary Reliability/validity/
outcome(s) and current use in clinical
measures practice

Secondary outcome(s) and
measures

Reliability/validity/
current use in clinical
practice

Time to first event
of composite of

All clinical endpoints
were assessed by an

death from independent

vascular causes, adjudicator, blinded to
myocardial the treatment
infarction or allocation.

stroke This endpoint is

directly relevant to
clinical practice.

The first prespecified
secondary endpoint was the
primary endpoint in patients
for whom early invasive
management was planned at
randomisation.

Additional secondary

endpoints (analysed for the

entire study population)
were;

e The composite of death
from any cause,
myocardial infarction to
stroke

e The composite of death
from vascular causes,
myocardial infarction,
stroke, severe recurrent
cardiac ischemia,
recurrent cardiac
ischaemic transient
ischaemic attack or other
arterial thrombotic
events

e Myocardial infarction
alone

e Death from vascular
causes alone

e Stroke alone

e Death from any cause

All clinical endpoints were
assessed by an
independent adjudication
committee blinded to the
treatment allocation
These endpoints are
directly relevant to clinical
practice.

Statistical analysis and definition

5.3.6

of study groups

State the primary hypothesis or hypotheses under consideration and

the statistical analysis used for testing hypotheses. Also provide
details of the power of the study and a description of sample size
calculation, including rationale and assumptions. Provide details of
how the analysis took account of patients who withdrew (for example,
a description of the intention-to-treat analysis undertaken, including
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censoring methods; whether a per-protocol analysis was undertaken).
The following table provides a suggested format for presenting the
statistical analyses in the trials when there is more than one RCT.

Table 5.7: Summary of statistical analyses (Wallentin et al. 2009)
Trial no. Hypothesis Statistical analysis Sample size, Data management,
(acronym) objective power patient withdrawals
calculation
PLATO Ticagrelor is Hypothesis testing was 1780 events All patients randomised
superior to conducted at the nominal were needed to | to a treatment group
clopidogrel in significance level of 4.97% (2 | detect with 90% | were included in the
reducing the primary | tailed) in order to account for | power a relative | intention to treat
endpoint a planned interim analysis risk reduction of | analysis.
after 1200 events. 13.5% in favour
of ticagrelor. Patients were to be
To address the issue of The event rate followed for events
multiple testing, a in the through to the end of
hierarchical test sequence clopidogrel arm | their planned
was planned. The secondary | was estimated participation regardless
efficacy endpoints were to be 11% at 12 | of whether they
tested individually, in the months, giving a | remained on study
order in which they are listed | sample size of medication. Event times
in the document, until the first | approximately on patient who withdrew
non-significant difference 18,000. consent or were lost to
was found between the two follow-up were censored
treatment groups. Thereafter, at the time of last
other treatment comparisons contact.
were examined in an
exploratory manner and
interpreted descriptively, with
p values reported as showing
nominal significance. The
consistency of effects on
efficacy and safety end
points was explored in 25
pre-specified subgroups and
8 post hoc subgroups,
without adjustment for
multiple comparisons which
adjusts the significance level
at the final analysis for one
interim analysis.
The primary analysis
compared the time from
randomisation to the first
occurrence of any event in
the composite endpoint using
the Cox proportional hazards
model with a factor for
treatment group.
5.3.7 Provide details of any subgroup analyses that were undertaken and

specify the rationale and whether they were pre-planned or post-hoc.

Six subgroup analyses of the PLATO study are included in the discussion of the clinical

studies:
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e PLATO-INVASIVE analysis (Cannon et al. 2010).

PLATO INVASIVE was a pre-

specified analysis of the main PLATO study and includes only those patients
identified at randomisation with investigator intent for early invasive management.

e PLATO-MEDICAL analysis (James et al 2010).

PLATO MEDICAL was a pre-

specified exploratory analysis of the main PLATO study and includes only those
patients identified at randomisation with investigator intent for non-invasive medical
management

e PLATO-STEMI analysis (Steg et al. 2009, Steg et al. 2010) a pre-specified
exploratory analysis

e PLATO-DIABETES analysis (James et al. 2010) a pre-specified subgroup analysis.

e The PLATO-GENETICS (Wallentin et al. 2010) and PLATO-CABG (Held et al.

2009) analyses both post-hoc analyses.

Details of each study are provided in Table 5.8.

Table 5.8: Subgroup analyses of the PLATO study

Trial Intervention | Comparator Population Primary study ref.
Acute coronary Cannon et al. Lancet
syndrome — includes 2010; 375(9711): 283-
only those patients 293
. . identified at
PLATO-INVASIVE | Ticagrelor Clopidogrel randomisation with
investigator intent for
early invasive
management
Acute coronary James et al 2010.
syndrome — includes Presentation at
only those patients European Society of
. , identified at Cardiology Congress
REAlCERIC AR Ticagrelor Clopidogrel randomisation with 2010 — unpublished at
investigator intent for time of submission
non-invasive medical
management
Patients with a Steg at al. Circulation
diagnosis of ST- 2010. DOI:
elevation Ml (STEMI) 10.1161/CIRCULATION
within the PLATO study | AHA.109.927582
. . Steg et al. 2009.
PLATO-STEMI Ticagrelor Clopidogrel Presentation at the
American Heart
Association Congress
2009 — unpublished at
time of submission.
Acute coronary James et al. European
syndrome patients Heart Journal 2010; In
PLATO-DIABETES | Ticagrelor Clopidogrel within the PLATO study | Press:
analysed according to doi:10.1093/eurheartj/eh
diagnosis of diabetes 0325
PLATO-GENETICS | Ticagrelor Clopidogrel Acute coronary Wallentin et al. Lancet

syndrome patients

2010; In Press:
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Trial Intervention | Comparator Population Primary study ref.
within the PLATO study | DOI:10.1016/S0140-
analysed according to 6736(10)61274-3
presence of genetic
polymorphisms
hypothesized to
influence the efficacy of
clopidogrel
Acute coronary Held et al. 2009.
syndrome undergoing Presentation at

PLATO-CABG Ticagrelor Clopidogrel CABG during the_ study Ame“(.:an Heart .
period and stopping Association Meeting
study medication £ 7 2009 — unpublished at
days before surgery time of submission

Participant flow

5.3.8

Provide details of the numbers of patients who were eligible to enter

the RCT(s), randomised, and allocated to each treatment. Provide
details of, and the rationale for, patients who crossed over treatment
groups and/or were lost to follow-up or withdrew from the RCT. This
information should be presented as a CONSORT flow chart.

Figure 5.2: Flow chart depicting the patient flow within the PLATO study

Enrolled
N=18758
Inappropriately enrolled
and not randomised L
N=134 4
Consented and
randomised
N=18624
Ticagrelor 90 mg bd Clopidogrel 75 mg od
+ clopidogrel placebo od + ticagrelor placebo bd
n="9333 (100%) n= 9291 (100%)

Premature withdrawal from
the study n =307 (3.3%)

Incomectly randomised 7 (0.1%)
Patient withdrew

ke

Premature withdrawal from
the study n =155 (1.7%)

Incorrectly randomised 2 (0.0%)
Patient withdrew

informed consent 296 (3.2%) informed consent 249 (2.7%)
Eeason unknown 2 (0.0%) Reason unknown 4 (0.0%)
Lost to follow-up at Lost to follow-up at
end of study period 2(0.0%) end of study period 0 (0.0%)
r 3

Total completed study Total completed study

n =92026 (96.7%) n="9036 (97.3%)

Final visit 7645 (81.9%) Final visit 7542 (81.2%)

Death 414 (4.4%) Death 517 (5.6%)

Follow-up/Alive 967 (10.4%) Follow-up/Alive 977 (10.5%)
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5.4
5.4.1

542

5.4.3

Critical appraisal of relevant RCTs

The validity of the results of an individual study will depend on the
robustness of its overall design and execution, and its relevance to
the decision problem. Each study that meets the criteria for
inclusion should therefore be critically appraised. Whenever
possible, the criteria for assessing published studies should be used
to assess the validity of unpublished and part-published studies.
The critical appraisal will be validated by the ERG. The following are
the minimum criteria for assessment of risk of bias in RCTs, but the
list is not exhaustive.

e Was the method used to generate random allocations adequate?

e Was the allocation adequately concealed?

e Were the groups similar at the outset of the study in terms of
prognostic factors, for example, severity of disease?

e Were the care providers, participants and outcome assessors
blind to treatment allocation? If any of these people were not
blinded, what might be the likely impact on the risk of bias (for
each outcome)?

o Were there any unexpected imbalances in drop-outs between
groups? If so, were they explained or adjusted for?

e Is there any evidence to suggest that the authors measured more
outcomes than they reported?

e Did the analysis include an intention-to-treat analysis? If so, was
this appropriate and were appropriate methods used to account
for missing data?

Please provide as an appendix a complete quality assessment for
each RCT. See section 9.3, appendix 3 for a suggested format.

If there is more than one RCT, tabulate a summary of the responses
applied to each of the critical appraisal criteria. A suggested format
for the quality assessment results is shown below.

Table 5.9: PLATO Quality assessment results

Trial

Was randomisation carried out appropriately? Yes

Subjects were randomised in a
blinded fashion using 1:1 allocation
by a third party. The randomisation
schedule was created by the
AstraZeneca GRAND system.
Creation and ownership of the
schedule was handled by a
separate group that had no direct
involvement in the study

Was the concealment of treatment allocation adequate?

Yes
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Trial

The treatment allocation was by
interactive voice response system

Were the groups similar at the outset of the study in terms of
prognostic factors?

Yes

The baseline characteristics were
reported to be similar in both
treatment groups (see Section 5.5)

Were the care providers, participants and outcome assessors
blind to treatment allocation?

Yes
Subjects, investigators and site
personnel were blinded

Were there any unexpected imbalances in drop-outs between No
groups?

Is there any evidence to suggest that the authors measured No
more outcomes than they reported?

Did the analysis include an intention-to-treat analysis? If so, was | Yes

this appropriate and were appropriate methods used to account
for missing data?

All patients who had been randomly
assigned to a treatment group were
included in the intent-to-treat
analysis

5.5 Results of the relevant RCTs
5.5.1 PLATO Study Results

All data are reported on an intention-to-treat (ITT) basis from the full study population (all
patients randomised to one of the two treatment arms) (n=18,624; ticagrelor n=9333;

clopidogrel, n=9291).
Primary Endpoint

The primary endpoint, time to the first occurrence of the composite of death from vascular
causes, Ml (excluding silent Mi—-defined as development of a new or presumed pathological
Q waves in the absence of cardiac ischaemic symptoms) and stroke occurred with an event
rate of 9.8% per year in the ticagrelor treatment group compared to 11.7% per year in the
clopidogrel treatment group. This constitutes an absolute risk reduction (ARR) of 1.9% and a
statistically significant relative risk reduction (RRR) of 16%, (HR [95%CIl]) =0.84 [0.77-0.92],

p<0.001) (Figure 5.3) (Wallentin et al. 2009).
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Figure 5.3: Kaplan-Meier plot for the primary endpoint of the PLATO study
(adapted from Wallentin et al. 2009)

| — Ticagrelor (T) [864/9333]

» | ===- Clopidogrel (C) [1014/9291] = 11.67%

9.80%

Kaplan-Meier Percentage (%)

1 - HR 95% Cl p-value
0 TvsC 084 0.77,0.92 <0.001
T T 1 | ] ] 1
0 60 120 180 240 300 360
Days from Randomisation
N at risk
T 9333 8628 8460 8219 6743 5161 4147
C 9291 8521 8362 8124 6650 5096 4047

Secondary Endpoints

The secondary endpoints of the PLATO study are listed in table 5.10. When the individual
components of the primary endpoint (incidence of MI, death from vascular causes and
stroke) are considered individually, it can be seen that the reduction in the primary endpoint
was driven by approximately equal, statistically significant reductions in the incidence of Mi
and death from vascular causes. There was no apparent effect observed on the rate of
stroke at one year (Table 5.10).

MI occurred with an event rate of 5.8% per year in the ticagrelor treatment group compared
to 6.9% per year in the clopidogrel treatment group. This constitutes an absolute risk
reduction (ARR) of 0.9% and a relative risk reduction (RRR) of 16%, (HR [95%CI] = 0.84
[0.75-0.95], p=0.005) (Table 5.10).

Death from vascular causes occurred with an event rate of 4.0% per year in the ticagrelor
treatment group compared to 5.1% per year in the clopidogrel treatment group (ARR at one
year 1.1%, RRR 21%, HR [95%CI] = 0.79 [0.69-0.91], p=0.001) (Table 5.10).

There was no effect observed on the rate of stroke at one year (Table 5.10)
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Table 5.10: Efficacy endpoints from the PLATO study (Wallentin et al. 2009)

Hazard Ratio for

Ticagrelor Clopidogrel Ticagrelor Group
End Point Group Group (95% ClI) P Valuet
Primary end point: death from vascular causes, M|, or stroke 864/9333 (9.8) 10149291 (11.7) 0.84 (0.77-0.92) <0.001%
— no./total no. (%)
Secondary end points — no./total no. (%)
Death from any cause, MI, or stroke 901/9333 (10.2) 1065/9291 (12.3) 0.84 (0.77-0.92) <0.001%
Death from vascular causes, M|, stroke, severe recurrent 1290/9333 (14.6) 1456/9291 (16.7) 0.88 (0.81-0.95) <0.001%
ischemia, recurrent ischemia, TIA, or other arterial
thrombotic event
MI 504/9333 (5.8) 593/9291 (6.9) 0.84 (0.75-0.95) 0.0057%
Death from vascular causes 353/9333 (4.0) 442/9291 (5.1) 0.79 (0.69-0.91) 0.001%

Stroke 1259333 (1.5) 106/9291 (1.3) 1.17 (0.91-1.52) 0.22
Ischemic 96/9333 (1.1) 91/9291 (1.1) 0.74
Hemorrhagic 23/9333 (0.2) 13/9291 (0.1) 0.10
Unknown 10/9333 (0.1) 2/9291 (0.02) 0.04

Other events — no. [total no. (35)
Death from any cause 399/9333 (4.5) 506/9291 (5.9) 0.78 (0.69-0.89)  <0.001

Death from causes other than vascular causes 46/9333 (0.5) 64/9291 (0.8) 0.71 (0.49-1.04) 0.08

¥F Statistical significance was confirmed in the hierarchical testing sequence applied to the secondary composite
efficacy end points.

An exploratory analysis of total mortality identified a lower incidence in the ticagrelor arm of
the study. Death from any cause occurred with an event rate of 4.5% per year in the
ticagrelor treatment group compared to 5.9% in the clopidogrel treatment group (ARR at one
year 1.4%, RRR 22%, HR [95%CI]) = 0.78 [0.69-0.89], nominal p <0.001 (Table 5.10).

An exploratory analysis on the rate of definite stent thrombosis was undertaken in the
11,289 patients who received a stent during the study. The rate of definite stent
thrombosis at one year (Academic Research Consortium defined) was lower in the
ticagrelor group than in the clopidogrel group (1.3% vs. 1.9% respectively, HR [95%CI] =
0.67 (0.50-0.91), nominal p = 0.009)(Wallentin et al. 2009).

Additional Endpoint Analyses

An additional analysis of the primary efficacy composite examined the incidence of primary
composite events for increasing durations of time in the trial (Figure 5.4). Early benefits
are observed within the first 30 days of ticagrelor treatment compared with clopidogrel
(ARR at 30 days 0.6%). For patients who have received treatment for 360 days the ARR
increases to 1.9%. The benefit is maintained over time with an RRR over the entire
duration of the study around 16%.
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Figure 5.4: Efficacy of ticagrelor over time (AstraZeneca Core Presentation FDA
meeting of the Cardiovascular and Renal Drugs Advisory Committee. 28 July 2010)
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Pre-defined analysis of the primary endpoint

A pre-defined analysis of the primary endpoint was also made in specific subgroups
of patients, identified according to a number of coronary criteria (Figure 5.5).

Treatment interaction significance levels of less than 0.05 occurred in three groups,
geographic region, body weight above or below gender-specific median, and use of
lipid-lowering drugs at randomisation (Figure 5.5). For the primary efficacy outcome
treatment did not vary for other tested groups, including by presentation with or
without a persistent ST-segment elevation or LBBB (interaction p = 0.68) by positive
or negative troponin | (Interaction p = 0.29) or by final diagnosis category (interaction
p=0.41) (Figure 5.5).
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Figure 5.5: Hazard ratios and rates of primary endpoint
subgroups of the PLATO study (Wallentin et al. 2009)

in predefined
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5.5.2 Subgroup Analyses from the PLATO Study

PLATO-INVASIVE

A pre-specified analysis from the PLATO study was an assessment of the effect of
ticagrelor on the incidence of primary endpoint events in patients identified at
randomisation with investigator intent for early invasive strategy (early angiography)
(72% of the study population). This analysis has been published as a separate
publication (PLATO-INVASIVE, Cannon et al. 2010).

Primary Endpoint

The primary endpoint, the time to the first occurrence of the composite of death from
vascular causes, Ml and stroke, occurred with an event rate of 9.0% per year in the
ticagrelor treatment group compared to 10.7% per year in the clopidogrel treatment
group (Figure 5.6) (Table 5.11).

This constitutes an ARR at one year of 1.7% and a statistically significant RRR of 16%
(HR [95%CI] = 0.84 [0.75-0.94], p=0.0025) (Figure 5.6).

Figure 5.6: Kaplan-Meier plot for the primary endpoint (Cannon et al. 2010)
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Secondary Endpoints

When these components are considered individually, it can be seen that, as with the
full PLATO study results, the reduction in the primary endpoint of the INVASIVE
study was driven by approximately equal reductions in the incidence of Ml and death
from vascular causes (Table 5.11). There was no effect observed on the rate of
stroke at one year (Table 5.11).

In addition, in patients with a treatment strategy of planned invasive management
ticagrelor treatment results in a RRR of 16% (ARR at one year 1.8%) for the
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composite efficacy endpoint of all-cause mortality/MI /stroke and a significant RRR
of 15% (ARR at one year 2.2%) for the composite efficacy endpoint CV death/total
Mi/stroke/severe recurrent ischaemia, recurrent ischaemia/TIA (Table 5.11).

Table 5.11: Primary and secondary efficacy endpoints from the PLATO-
INVASIVE study (Cannon et al. 2010)

Ticagrelor Clopidogrel  Hazard ratio p value
(n=6732) (n=6676) (95%Cl)

Primary efficacy endpoint

Cardiovascular death+myocardial 569 (9:0%)  668(10:7%) 0-84(075-0:94) 0-0025
infarction*+stroke

Secondary efficacy endpoint
All-cause death+myocardial infarction*+stroke 595(9-4%) 701 (11-2%) 0-84(0-75-0-94) 0-0016
Cardiovascular death+myocardial infarction+ 830(131%) 964(153%) 0-85(0-77-0-93) 0-0005

stroke+severe recurrent cardiac ischaemia+
recurrent cardiac ischaemia+transient ischaemic
attack +other arterial thrombotic event

Myocardial infarction* 328 (53%) 406 (6-6%) 0-80(0:69-0-92) 0-0023
Cardiovascular death 221 (3-4%) 269 (43%) 0-82(0-68-0-98) 0-0250
Stroke 75 (12%) 69(1-1%) 1.08(0:78-1-50) 0-6460
Ischaemict 59 (0-9%) 59(0-:9%) - 1-0000
Haemorrhagict 12 (0-2%) 9(01%) - 0-6634
Unknownt 5(0-07%) 1(0-01%) - 02187
All-cause death 252 (3:9%) 311(5-0%) 0-81(0-68-0-95) 0-0103

The secondary endpoint of total mortality was also reduced in the ticagrelor arm of
the study. Death from any cause occurred with an event rate of 3.9% per year in the
ticagrelor treatment group compared to 5.0% per year in the clopidogrel treatment
group (ARR at one year 1.1%, RRR 19%, HR [95%CI]) = 0.78 [0.68-0.95], nominal
p=0.0103) (Table 5.11).

PLATO-MEDICAL (Non Invasive)

The PLATO-MEDICAL data set is an as yet unpublished sub-analysis (James et al.
presentation presented at the ESC 2010) from the PLATO study, which comprises the
28% of the PLATO study population which did not fall into the INVASIVE analysis
previously presented in this section i.e. those patients identified at randomisation with
investigator intent for an early conservative strategy (no early angiography unless
recurrent symptoms or ischemia) (n=5216).

Primary Endpoint

The primary endpoint, the time to the first occurrence of the composite of death from
vascular causes, Ml and stroke, occurred with an event rate of 12.0% per year in the
ticagrelor treatment group compared to 14.3% per year in the clopidogrel treatment group.

This constitutes an absolute risk reduction of 2.3% and a relative risk reduction of 15%
(HR [95%CI] = 0.85 [0.73-1.00], nominal p=0.045) (Figure 5.7).
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Figure 5.7: Kaplan-Meier plot for the primary endpoint (PLATO-MEDICAL data set

compared to the PLATO-INVASIVE analysis) (James et al. 2010)
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Secondary Endpoints

The individual components of the primary endpoint (incidence of MI, death from
vascular causes and stroke) are considered individually. The reduction in the primary
endpoint of the PLATO-MEDICAL data set was driven by a reduction in the incidence
of death from vascular causes (Table 5.12). These results are in line with those seen

for the full PLATO study population.

Table 5.12: Primary and key secondary endpoints from the PLATO - MEDICAL

study (James et al. 2010)

Ticagrelor (90 mg bd) Clopidogrel (75 mg od) Hazard ratio | p-value
(n=2,601) (n=2,615) (95% ClI)
Patients KM Patients with KM
with (%lyear) Events (%lyear)
Events
Composite of CV 205 0.85
. 12.0% 346 (13.2%) 14.3% 0.04
Death / Ml / Stroke | (11.3%) (0.73-1.00)
MI 176 7.2% 187 (7.2%) 7.8% 0-94 0.555
(6.8%) ' ' ' (0.77-1.15) '
132 0.76
CV Death o 5.5% 173 (6.6%) 7.2% 0.019
(5.1%) (0.61-0.96)
1.35
Stroke 50 (1.9%) 2.1% 37 (1.4%) 1.7% 0.1616
(0.89-2.07)
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An exploratory analysis of total mortality demonstrated that this was also reduced in the
ticagrelor arm of the study. Death from any cause occurred with an event rate of 6.1%
per year in the ticagrelor treatment group compared to 8.2% per year in the clopidogrel
treatment group. This constitutes an absolute risk reduction of 2.1% and a relative risk
reduction of 25% (HR [95%CI]) = 0.75 [0.61-0.93], nominal p=0.010) (James et al.
2010).

Although patients in this sub-group were initially assigned to a non-invasive medical
treatment strategy at randomisation, these patients may have subsequently required
angiography and revascularisation because of recurrent symptoms or ischemia if their
treating physician deemed this necessary.

In the subgroup of patients intended for an initial non-invasive management strategy,
3948 (76%) did not actually undergo in-hospital revascularization with PCI or CABG. In
these conservatively managed patients who did not wundergo in-hospital
revascularization, the incidence of primary composite outcomes (CV death/Ml/stroke)
was 12.2% in the ticagrelor group and 15.2% in the clopidogrel group (HR = 0.81 [95%
Cl1 0.68-0.97]) (James et al. 2010).

PLATO-STEMI

The PLATO-STEMI data set is a pre-defined sub-analysis which comprises the 7,544
patients within the PLATO study population who presented with STEMI or LBBB and had
planned primary PCIl. These patients are in the midst of an acute intracoronary
thrombosis and require urgent and effective blockade of the P2Y,, platelet receptor.

Results for this study have recently been published (Steg et al. 2010) reporting on 7,544
patients with a diagnosis of STEMI at presentation. The primary endpoint, the time to the
first occurrence of the composite of death from vascular causes, MI and stroke, occurred
with an event rate of 9.4% per year in the ticagrelor treatment group compared to 10.8%
per year in the clopidogrel treatment group (ARR at one year 1.4%, RRR 13%, HR
[95%CI] = 0.87 [0.75-1.01]) (Steg et al. 2010).

In addition to this publication a separate oral presentation was given at the American
Heart Assaociation Congress in 2009 (Steg et al. 2009) on the outcomes for patients from
the PLATO study that had either LBBB or STEMI at presentation or a final diagnosis of
STEMI (n=8430 patients). The primary endpoint, the time to the first occurrence of the
composite of death from vascular causes, Ml and stroke, occurred with an event rate of in
9.3% per year in the ticagrelor treatment group compared to 11% per year in the
clopidogrel treatment group (HR [95%CI] = 0.85 [0.74-0.97], nominal p=0.02).

PLATO-CABG

The PLATO-CABG data set was a post-hoc analysis undertaken to examine the primary
and secondary endpoints of the PLATO study in a subset of patients who underwent CABG
during the 12 month study period and who stopped study medicatiot 7 days prior to
surgery (n=1261) (Held et al. 2010). Predicting which patients will require CABG in the
ACS setting can be difficult. It is however recommended that patients with ACS receive
dual antiplatelet therapy at the time of presentation to reduce their risk of fatal ischaemic
events.
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The primary endpoint, the time to the first occurrence of the composite of death from
vascular causes, Ml and stroke occurred with an event rate of 10.6% per year in the
ticagrelor treatment group compared to 13.1% per year in the clopidogrel treatment group
(ARR 2.5%, RRR 16%, HR [95%CI] = 0.84 [0.60-1.16], nominal p=0.29) which was
comparable in magnitude to the reduction observed in the full study population (Held et al.
2010).

PLATO-DIABETES

The PLATO-DIABETES analysis was a pre-specified sub-group analysis undertaken to
examine the primary endpoint of the PLATO study stratified according to presence or
absence of a diagnosis of diabetes (James et al. 2010). Patients with diabetes mellitus and
ACS have a high risk of recurrent CV events and death, and these patients have been
known to demonstrate higher platelet reactivity and poorer clinical outcomes compared to
non diabetic patients.

In total 4,662 patients within the PLATO study population had a pre-existing diagnosis of
diabetes, (25% of the study population), including 1036 patients on insulin. 13,951 patients
did not have a diagnosis of diabetes.

In patients with a diagnosis of diabetes, the primary endpoint, the time to the first
occurrence of the composite of death from vascular causes, Ml and stroke, occurred with
an event rate of 14.1% per year in the ticagrelor treatment group compared to 16.2% per
year in the clopidogrel treatment group (ARR at one year 2.1%, RRR 12%, (HR [95%CI] =
0.88[0.76-1.03]) (Figure 5.8) (James et al. 2010).

In patients with no diagnosis of diabetes, the primary endpoint occurred with an event rate
of 8.4% per year in the ticagrelor treatment group compared to 10.2% per year in the
clopidogrel treatment group. This constitutes an absolute risk reduction of 1.8% and a
relative risk reduction of 17% (HR [95%CI] = 0.83 [0.74-0.93]) (Figure 5.8) (James et al.
2010).

The magnitude of the reduction in the primary endpoint by ticagrelor for each subgroup was
consistent with that of the main study population and was not affected by diabetes status (p
for interaction = 0.49).
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Figure 5.8: Kaplan-Meier plot for the primary endpoint: PLATO-DIABETES analysis
(James et al. 2010)
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The PLATO-GENETICS analysis was an additional pre-specified analysis undertaken to
examine the primary endpoint of the PLATO study stratified according to presence or
absence of a number of polymorphisms of the gene encoding CYP2C19, one of the
enzymes responsible for the bio-activation of clopidogrel (Wallentin et al. 2010). The
CYP2C19 genotype is an important determinant of the pharmacokinetic and
pharmacodynamic response to clopidogrel. Prior work demonstrates that in patients
treated with clopidogrel after an ACS, event or stenting, or both, the presence of any loss-
of-function CYP2C19 allele is associated with an increased risk of ischaemic events and
stent thrombosis.

In total 10,285 patients consented to give a blood sample for genetic analysis and patient
demographics were well balanced between groups. In patients carrying any of the known
loss-of-function CYP2C19 alleles, the primary efficacy composite endpoint occurred at a
rate of 8.6% per year for patients randomized to ticagrelor compared to 11.2% per year for
those randomised to clopidogrel (ARR at one year 2.6%, RRR 23% HR [95% CI] = 0.77
[0-60-0-99], p=0.0380) (Figure 5.9) (Wallentin et al. 2010).

In patients not carrying loss-of-function CYP2C19 alleles, the time to the first occurrence
of the composite of death from vascular causes, Ml and stroke, occurred with an event
rate of 8.8% per year in the ticagrelor treatment group compared to 10.0% per year in the
clopidogrel treatment group (ARR at one year 1.2%, RRR 14%, HR [95%CI] = 0.86 [0.74-
1.01], p= 0.0608) (Figure 5.9) (Wallentin et al. 2010).

The magnitude of the reduction in the primary endpoint by ticagrelor was consistent with
the main study population and was not affected by CYP2C19 gene expression (p for
interaction = 0.46).
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Figure 5.9: Kaplan-Meier plot for the primary endpoint of the PLATO-GENETICS

analysis (Wallentin et al. 2010)
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Summary

The incidence of the primary endpoint (time to first MI, CV death stroke) in the full
PLATO study and the above sub-groups is displayed in Table 5.13.

Table 5.13: Incidence of the primary endpoint (time to first MI, CV death, stroke) in the
PLATO study relative to the sub-group analyses

Ticagrelor Clopidogrel Hazard Ratio
Group Group (95% CI)
(K-M %lyear) (K-M %lyear)
PLATO
) 9.8 11.7 0.84 (0.77-0.92)

(Wallentin et al. 2009)
PLATO-INVASIVE

9.0 10.7 0.84 (0.75-0.97)
(Cannon et al. 2010)
PLATO-MEDICAL

12.0 14.3 0.85 (0.73-1.00)
(James et al. 2010)
PLATO-STEMI

9.4 10.8 0.87 (0.75-1.01)
(Steg et al. 2010)
PLATO-CABG

10.6 13.1 0.84 (0.60-1.16)
(Held et al. 2010)
PLATO-DIABETES
(James et al. 2010)
No diabetes 8.4 10.2 0.83 (0.74-0.93)
Diabetes 14.1 16.2 0.88 (0.76-1.03)
PLATO-GENETICS
(Wallentin et al. 2010)
No CYP2C19 loss-of- 8.8 10.0 0.86 (0.74-1.01)
function CYP2C19 allele
Any  CYP2C19 loss-of- 8.6 11.2 0.77 (0.60-0.99)
function CYP2C19 allele
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5.6

Meta-analysis

There is only one phase Il randomised controlled trial available for ticagrelor. The
PLATO trial has been previously discussed earlier in Section 5.

5.7
5.7

Indirect and mixed treatment comparisons

A Describe the strategies used to retrieve relevant clinical data on the

comparators and common references both from the published
literature and from unpublished data. The methods used should be
justified with reference to the decision problem. Sufficient detail
should be provided to enable the methods to be reproduced, and
the rationale for any inclusion and exclusion criteria used should be
provided. Exact details of the search strategy used should be
provided in section 9.4, appendix 4.

The treatments to be compared with ticagrelor, as described in the decision
problem, are clopidogrel and prasugrel. As the PLATO trial only includes
ticagrelor and clopidogrel it was necessary to identify trials with prasugrel for the
treatment of ACS. The systematic review was conducted in such a manner that
the possibility of trials comparing any two of the three treatments would be
identified. For the systematic review, the following bibliographic databases were
searched for papers and abstracts as of 9th April 2010 with no time restrictions:

e Cochrane Central Register of Controlled Trials (CENTRAL) using the
Cochrane Library’s online clinical trials search;

o Excerpta Medica Database (EMBASE) using OVID;
e Index Medicus database (MEDLINE) using OVID.

The search strategy was tailored to comply with the searching functionality of
each database, but all included terms related to ACS and the treatments under
consideration, ticagrelor, clopidogrel and prasugrel. In order to limit the search
results to RCTs (studies with a design that minimises bias), a strategy based on
the highly sensitive method from the Cochrane Handbook for Systematic Reviews
of Interventions was used to identify RCTs in MEDLINE. A similar strategy was
employed for EMBASE. No such strategy was necessary for CENTRAL, since it
is a database that is restricted to RCTs. In addition, because the CENTRAL
database includes the results of hand searches relevant to the subject area,
further hand searching was considered unlikely to be of benefit. The systematic
review was limited to English-language publications.

The search strategies and results from each database are shown in Appendix 4,
Section 9.4.4.
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5.7.2

Please follow the instructions specified in sections 5.1 to 5.5 for the
identification, selection and methodology of the trials, quality
assessment and the presentation of results. Provide in section 9.5,
appendix 5, a complete quality assessment for each comparator
RCT identified.

To be eligible for consideration as an input into the analysis, a trial needed to:

be a randomised controlled trial;

include a direct comparison of ticagrelor with prasugrel (co-administered with
aspirin) OR include a comparison of one of the two treatments with
clopidogrel co-administered with aspirin (note: the protocol for the systematic
review was written with the prior assumption that there is no head-to-head
data, but in the event that such data were identified by the literature search, a
traditional pairwise meta-analysis could have been conducted in addition to
an adjusted indirect comparison);

involve ACS patients undergoing an invasive procedure during their initial
hospital admission;

report at least one case of an outcome of interest for health economic
modelling.

These inclusion and exclusion criteria are also provided in Appendix 4, Section 9.4.6.

Results from the search strategy are presented in Figure 5.10. Of the 507 trials
identified, four of them met the inclusion criteria for an adjusted indirect comparison.
However, two trials were excluded due to inappropriate dosing (DISPERSE 2
(Cannon et al. 2007), where patients received twice daily ticagrelor 90mg or
ticagrelor 180mg compared with 300mg loading dose clopidogrel plus 75mg once
daily) and/or having a short duration (DISPERSE 2 and JUMBO TIMI-26 [Wiviott et
al. 2005]) the latter of which compared three doses of prasugrel with clopidogrel for
30 days with TIMI major plus minor bleeds as the primary end point).
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Figure 5.10: Flowchart of trials in the systematic review.
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The two remaining trials are PLATO (Wallentin et al. 2009) and TRITON-TIMI 38
(Wiviott et al. 2007). Critical appraisals of PLATO and TRITON TIMI-38 have been
provided in Appendix 5, Section 9.5.1.

There are general similarities between TRITON-TIMI 38 and PLATO — both trials
were conducted in an ACS population, using a clopidogrel comparator and the same
composite primary efficacy endpoint. There are, however, some very important
differences between these two studies that make an indirect comparison of the
relative benefits of prasugrel over clopidogrel (in TRITON-TIMI 38) and ticagrelor
over clopidogrel (in PLATO) — and, inferentially, prasugrel versus ticagrelor — highly
problematic and potentially inappropriate. The major differences between the
TRITON and PLATO study populations and protocols are summarised in Tables 5.14
and 5.15, and Figures 5.11 and 5.12, and discussed below.
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Differences in target population

One of the key differences between TRITON-TIMI 38 and PLATO is the target
population. TRITON-TIMI 38 was a PCI study which enrolled invasively managed
ACS patients, and required that non-STEMI ACS patients have their anatomy defined
prior to randomisation. Recruitment was restricted to patients whose anatomy was
viewed as amenable to PCI. It did not include an initial medical management cohort,
and did not include patients in whom CABG was the primary means of
revascularisation. Randomisation was on the catheterisation table, immediately prior
to planned PCI. In contrast, PLATO targeted a broad spectrum of ACS patients (UA,
NSTEMI, STEMI) identified early after presentation, and required that the
investigators prespecify as to whether they were intended for initial invasive
management or initial medical management. It has been estimated that PLATO
patients make up about 72% of patients in the ACTION registry (FDA Advisory
Committee Briefing Document, 2010). In the Swedish ACS Registry (RIKS-HIA),
which includes all patients admitted to Swedish coronary care units, 64% of patients
from 1998-2005 (n=205,269) and 79% of patients from 2007 (n=24,695) met PLATO
inclusion criteria (Stenestrand et al. 2010).

One subgroup that, at first glance, might seem to better lend itself to an indirect
comparison are the STEMI cohorts of TRITON-TIMI 38 and PLATO (Montalescot et
al. 2009; Steg et al. 2010). Unfortunately the STEMI subgroup in TRITON-TIMI 38 is
a combination of patients undergoing primary PCI (n=2438) and STEMI patients who
underwent PCI > 12 hours after the onset of symptoms (“secondary PCI”; n=1094). In
contrast, all of the PLATO STEMI cohort were intended for primary PCI. Aside from
very top-line results in the primary publication of the TRITON STEMI cohort, few data
are available on the TRITON-TIMI 38 STEMI primary PCI subset (Montalescot et al.
2009) Moreover, in TRITON-TIMI 38 STEMI patients undergoing primary PCI (in
whom prompt platelet inhibition could be very clinically important), clopidogrel was
administered on the catheterisation table (with prior clopidogrel use excluded) in
approximately two-thirds of the cases.

Differences in clopidogrel loading

Another key difference between TRITON-TIMI 38 and PLATO was the timing of
clopidogrel loading and the doses of clopidogrel used. These differences have
potential major implications because the dosing and timing of clopidogrel are of
paramount importance to the efficacy of the “standard” against which a new form of
therapy is judged. In general, results from the two trials that did not employ the same
dosing and timing of clopidogrel administration in their ‘control’ arms should not really
be compared. The timing of the 300 mg clopidogrel load in TRITON-TIMI 38 is
problematic since prior clopidogrel use was excluded: in the overall TRITON-TIMI 38
study population 25% of patients received their loading dose on the catheterisation
table before insertion of the first coronary guidewire; 74% received their loading dose
in the time interval from after guidewire insertion up until 1 hour after the PCI
procedure; 1% received their loading dose more than 1 hour after PCI (Wiviott et al.
2007).
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In contrast, in PLATO, patients received clopidogrel much earlier in their hospital
course. Additionally, approximately 46% of patients received open-label clopidogrel
(including a load) prior to randomisation; patients in the clopidogrel control arm
received their study clopidogrel a median of 11.3 hours after the onset of symptoms,
and a median of 5.3 hours after being admitted to the hospital (Wallentin et al. 2009).
In addition, PLATO allowed for more contemporary clopidogrel loading doses of 600
mg in the control arm — 19.6% of clopidogrel-treated patients in the overall PLATO
cohort (Wallentin et al. 2009), 26.8% in the cohort intended for invasive management
(Cannon et al 2010), and 38.6% in the STEMI cohort (Steg et al. 2010) received a
load of 600 mg or greater of clopidogrel. In contrast, all of the clopidogrel-treated
patients in TRITON-TIMI 38 received a 300 mg load (Wiviott et al. 2007). A clinical
endpoint that would also be potentially differentially affected by low procedural
degrees of platelet inhibition (if clopidogrel were given at the time of guidewire
placement instead of before the procedure) is stent thrombosis. Consequently, the
divergent clopidogrel timing and dosing between TRITON-TIMI 38 and PLATO may
have differentially affected clinical subgroups (STEMI — 26% of the TRITON-TIMI 38
population; 40% of the PLATO population) and endpoints (stent thrombosis) that
would be most sensitive to the degree of acute procedural platelet inhibition.

Differences in Ml assessment

The assessment of peri-procedural Mls is challenging when patients come rapidly to
the catheterisation laboratory, especially if they already have positive enzymatic
markers at admission. This issue becomes especially important when examining
outcomes in TRITON and PLATO, because the timing of PCI was so different in the
two studies. The availability of only one pre-procedure enzyme measurement (as
was true in PLATO, but not the case in TRITON-TIMI 38), made it much more difficult
to detect a subsequent Ml in the setting of a pre-existing enzyme elevation from the
index event (present in 80% of the PLATO population); MI events that might
otherwise have been picked up without pre-existing enzyme elevations would be
missed. In TRITON-TIMI 38, by contrast, (excluding the STEMI Primary PCI cohort)
there was generally time for at least two pre-procedure enzyme measurements, and
MI adjudication was much less confounded by the index event. An additional direct
consequence of the high percentage of PCI in TRITON-TIMI 38 is the much greater
representation of enzymatic Mls (of much less certain clinical significance) in the
TRITON-TIMI 38 adverse outcome events by which prasugrel was judged to be
superior to clopidogrel. In TRITON-TIMI 38, almost half of the “MI"s were purely
enzymatic events (triggered for adjudication by lab values only), while in PLATO less
than 20% of all MIs were purely enzymatic events (FDA Advisory Committee Briefing
Document, 2009; FDA Advisory Committee Briefing Document, 2010; Serebruany.
2010).
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Table 5.14: Key inclusion features in TRITON-TIMI 38 and PLATO.

TRITON-TIMI 38
(n=13,608)

PLATO
(n=18,624)

ACS patients with scheduled PCI (STEMI and NSTEMI
strata)

Patients hospitalised for ACS with or without ST-
segment elevation and onset of symptoms within the
previous 24 hours

STEMI
Within 12 hours if primary PCI planned
Within 14 days of medical Rx for STEMI

STEMI

ST elevation of 0.1 mm in 2 contiguous leads or new
LBBB

Intention to perform primary PCI

NSTEMI
Symptoms lasting 10 minutes occurring within past 72
hours
Either ST-segment deviation (1 mm) or elevated cardiac
biomarker
TIMI Risk Score > 3
Age > 65
Known CAD (stenosis > 50%)
Severe angina (> 2 episodes in last 24 hrs)
ST changes > 0.5 mm
(+) cardiac markers
> 3 risk factors
(+) family history
HTN
Elevated cholesterol
DM
Current smoker

NSTEMI
Two-thirds of:
ischemic ST changes
(+) cardiac biomarker
Clinical risk factors
Age > 60
Previous Ml or CABG
CAD (>50% stenosis) in 2 vessels
Previous cerebrovascular disease
Stroke
TIA
Carotid stenosis > 50%
Hx cerebral revascularisation
DM
PAD
Chronic renal dysfunction
CrCl < 60 ml/min/1.73 m* BSA

Patients who had received any thienopyridine within 5
days prior to enrollment were excluded

Prior thienopyridine use was allowed

Ticagrelor For The Treatment of Acute Coronary Syndromes

Page 63 of 292




Table 5.15: Comparison of the TRITON-TIMI 38 and PLATO trials

TRITON-TIMI 38

PLATO

13,608

18,624

Study population

Early invasively managed ACS
scheduled for PCI (Including
STEMI and STEMI patients

undergoing same admission PCI)

Symptom onset within past 72

hours

Broad ACS population (including
STEMI) Symptom onset within
past 24 hours

Prior clopidogrel

Excluded

Allowed
(including in-hospital Rx prior to
randomisation)

% STEMI

Capped at 26%
(18% undergoing primary PCI)

40.5%
(all intended for primary PCI)

Clopidogrel load

Only 300 mg allowed

300 or 600 mg

Timing of randomisation

Later
After angiography
After decision to perform PCI

Earlier
Usually before angiography
(if done)

Randomisation

Prasugrel 60 mg load
10 mg qd
Or
Clopidogrel 300 mg load
75 mg qd

Ticagrelor 180 mg load
90 mg BID
Or
Clopidogrel 300 — 600 mg load
75 mg qd

Administration of study
drug

Started in the time interval from
randomisation up to one hour after
PCI

Started immediately after
randomisation

Primary efficacy endpoint

CV death/Ml/stroke

CV death/Ml/stroke

Primary safety endpoint

Non-CABG TIMI major bleeding

PLATO major bleeding

(0.35% on primary admission)

61%
99% o
PCI . (49% within 24 hours of
(all at randomisation) -
randomisation)
3.2% 10.2%
CABG

(4.5% on primary admission)

Only medical management

(no revascularisation 1.1% 34%
performed)
Glycoprotein llb/llla use 54% 27%

Follow up

Up to 15 months

Up to 12 months
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Figure 5.11: Comparison of the TRITON-TIMI 38 patient population (A) and the
PLATO patient population (B) as seen within the overall context of ACS
management.
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Figure 5.12: Contrasting the times of randomisation in PLATO and TRITON-TIMI
38. Randomisation in TRITON occurred much later in the management
pathway, after angiography and a decision to proceed with PCI.
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In the previous discussion we have highlighted the inappropriateness of an indirect
comparison of relative benefit of prasugrel and ticagrelor. In the absence of any
direct head-to-head comparisons, however, a health economic assessment of
ticagrelor in relation to prasugrel is necessary to determine where ticagrelor fits in to
the existing therapeutic armamentarium. There are two pieces of evidence synthesis
currently published, one which looks at the so-called “new” P2Y12 inhibitors
(including prasugrel, ticagrelor, cangrelor and elinogrel (Bellemain-Appaix et al.
2010), and one which is an indirect comparison of prasugrel and ticagrelor, based on
TRITON and PLATO (Biondi-Zoccai et al. 2010). Whilst AstraZeneca does not
endorse such a comparative clinical approach based on TRITON-TIMI 38 and
PLATO (for all the reasons noted above), we have used this one published indirect
comparison for health economic modelling purposes.
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5.7.3 Provide a summary of the trials used to conduct the indirect
comparison.

Table 5.16: Summary of the trials used in the published indirect comparison,
conducted by an independent group, from which results for health economic
modelling were taken (Biondi-Zoccai et al. 2010)

No. trials References of trials Ticagrelor Clopidogrel Prasugrel
1 Wallentin 2009 v v
1 Wiviott 2007 - 4 v

Adapted from Caldwell et al. Simultaneous comparison of multiple
treatments combining direct and indirect evidence. BMJ 2005; 331: 897-900.

5.7.4 For the selected trials, provide a summary of the data used in the
analysis.

Not applicable — the results in Section 5.7.6 are taken from a published indirect
comparison conducted by an independent group (Biondi-Zoccai et al. 2010).

5.7.5 Please provide a clear description of the indirect/mixed treatment
comparison methodology. Supply any programming language in a
separate appendix.

Not applicable — the results in Section 5.7.6 are taken from a published indirect
comparison conducted by an independent group (Biondi-Zoccai et al. 2010).

5.7.6 Please present the results of the analysis.

The results — presented in Table 5.17 — are based on a published indirect
comparison conducted by an independent group (Biondi-Zoccai et al. 2010)The
results presented in the paper were odds ratios where values <1 favour prasugrel.
However, the health economic model (described in Section 6) was designed to
receive as inputs relative risks where values <1 favour ticagrelor. Therefore, the
results from the publication were converted in a two-stage process. In the first stage,
reciprocals were taken to reverse the direction. In the second stage, the following
formula from the Cochrane Handbook was used to convert odds ratios into relative
risks (control risks were taken to be the absolute event rates in the prasugrel arm of
TRITON-TIMI 38):
Odds ratio

Relative risk =
1 — (Control risk * (1 — Odds ratio))
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Table 5.17: Conversion of results from Biondi-Zoccai et al. 2010 into desired
format for health economic modelling.

Values from Inversed values Converted to relative risk
Biondi-Zoccai et al. 2010 (so that <1 favours ticagrelor) Control (using Cochrane Handbook)
risk
Odds 95% 95% Odds 95% 95% (prasugrel) Relative 95% 95%
ratio lower upper ratio lower upper risk lower upper
1.01

Primary 0987 0861 1133 101 0.88 1.16 0.099 0.89 1.14
endpoint
M 0.893 0.75 1.062 1.12 0.94 1.33 0.073 1.11 0.95 1.30
Stroke 0.856 0.55 1.331 1.17 0.75 1.82 0.01 1.17 0.75 1.80
All-cause 1.218 0.959 1.546 0.82 0.65 1.04 0.03 0.83 0.65 1.04
mortality
Stent
. 0.635 0.433 0.932 1.57 1.07 2.31 0.011 1.56 1.07 2.28
thrombosis
Major bleeding ~ 1.431 1.103 1.858 0.70 0.54 0.91 0.025 0.70 0.54 0.91
Minor bleeding  1.073 0.794 1.451 0.93 0.69 1.26 0.02 0.93 0.69 1.25
5.7.7 Please provide the statistical assessment of heterogeneity

undertaken. The degree of, and the reasons for, heterogeneity
should be explored as fully as possible.

Not applicable — the results in Section 5.7.6 are taken from a published indirect
comparison conducted by an independent group (Biondi-Zoccai et al. 2010).

5.7.8 If there is doubt about the relevance of a particular trial, please
present separate sensitivity analyses in which these trials are
excluded.

Not applicable

5.7.9 Please discuss any heterogeneity between results of pairwise
comparisons and inconsistencies between the direct and indirect
evidence on the technologies.

Not applicable

5.8 Non-RCT evidence

581 If non-RCT evidence is considered (see section 5.2.7), please repeat
the instructions specified in sections 5.1 to 5.5 for the identification,
selection and methodology of the trials, and the presentation of
results. For the quality assessments of non-RCTs, use an
appropriate and validated quality assessment instrument. Key
aspects of quality to be considered can be found in ‘Systematic
reviews: CRD’s guidance for undertaking reviews in health care’
(www.york.ac.uk/inst/crd). Exact details of the search strategy used
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and a complete quality assessment for each trial should be provided
in sections 9.6 and 9.7, appendice 6 and 7.

Not applicable

5.9 Adverse events

591 If any of the main trials are designed primarily to assess safety
outcomes (for example, they are powered to detect significant
differences between treatments with respect to the incidence of an
adverse event), please repeat the instructions specified in sections
5.1 to 5.5 for the identification, selection, methodology and quality
of the trials, and the presentation of results. Examples for search
strategies for specific adverse effects and/or generic adverse-effect
terms and key aspects of quality criteria for adverse-effects data can
found in ‘Systematic reviews: CRD’s guidance for undertaking
reviews in health care’ (www.york.ac.uk/inst/crd). Exact details of
the search strategy used and a complete quality assessment for
each trial should be provided in section 9.8 and 9.9, appendices 8
and 9.

Not applicable

5.9.2 Please provide details of all important adverse events for each
intervention group. For each group, give the number with the
adverse event, the number in the group and the percentage with the
event. Then present the relative risk and risk difference and
associated 95% confidence intervals for each adverse event. A
suggested format is shown below.

PLATO Safety Results

Bleeding constitutes the most common, clinically significant safety concern during effective
anti-platelet treatment. The PLATO study therefore included specific safety objectives to
evaluate the bleeding profile of ticagrelor compared to clopidogrel. PLATO-defined ‘Total
Major’ bleeding was the key safety endpoint; the time to first occurrence of any total ‘Major’
bleeding event was the key safety variable (Wallentin et al. 2009).

All safety data are reported on the safety analysis population, and analysed according to
treatment received (all patients randomised to one of the two treatment arms, and receiving
at least 1 dose of that study medication) (Total n=18,421, n=9235 for ticagrelor, n=9186 for
clopidogrel).

The PLATO study employed a novel method for categorisation of bleeding events. The
categories were chosen as an inclusive and clinically-relevant measure suitable for
assessing all kinds of bleeding events whether or not associated with surgery or other
medical procedure. Definitions used in PLATO were specifically designed to characterise
bleeding in both the acute and chronic settings, with invasive and medical management,
and provide improved medical relevance for safety comparison to the primary endpoint
events being prevented. Bleeding events reported in PLATO were also mapped onto the
TIMI scale by applying an algorithm to the bleeding events. Approximate comparison
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between bleeding events assessed by the PLATO and TIMI criteria are displayed in Figure
5.13.

Figure 5.13: Schematic representation of the PLATO bleeding definitions
alongside the equivalent TIMI definitions (Rao et al. 1988, James et al. 2009)

TIMI PLATO
[Rao 1988:A] [James 2009:B]
Major Major (fatal/life-threatening)

Fatal/life-threatening (related to
instrumentation, spontaneous, trauma)

1 =5 g/dL hemoglobin | =5 g/dL hemoglobin
1 15% absolute hematocrit =4 unit transfusion

Hypotension requiring pressors or surgery;
intrapericardial with tamponade; hypovolemic shock

Other Major

Substantially disabling
(eg, intraocular with permanent vision loss)
2-3 unit transfusion
1 3-5 g/dL hemoglobin

Minor Minor

Observed blood loss: Requires medical intervention to stop or treat bleeding
clinically overt sign of hemorrhage with
lhemoglobin 3-5 g/dL or >10% decrease in
hematocrit*
No observed blood loss:
lhemoglobin =4 g/dL or 12% decrease in
hematocrit

Minimal Minimal

Clinically overt sign of All others not requiring intervention

hemorrhage with |hemoglobin <3 g/dL or <9% (eg, bruising, bleeding gums, oozing from injection sites, etc)
decrease in hematocrit

*TIMI minor bleeding resembles PLATO major bleeding by haemoglobin drop

Primary Safety Endpoint

The primary safety endpoint within the PLATO study was the time to first major PLATO
bleeding event, which as can be seen from the table above comprises the subsets ‘Major
Fatal/Life threatening’ and ‘Major Other’ categories.

There was no overall significant difference in the primary safety endpoint between the
ticagrelor and clopidogrel arms of the study (Figure 5.14). The primary safety endpoint,
time to first major PLATO defined bleed occurred with an event rate of 11.6% per year in
the ticagrelor treatment group compared to 11.2% per year in the clopidogrel treatment
group (absolute risk increase of 0.4%, relative risk increase of 4%, HR [95%CI]) = 1.04
[0.95-1.13], p=0.43 (Wallentin et al. 2009).
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Figure 5.14: Kaplan-Meier plot for the primary safety endpoint of the PLATO study
(adapted from Wallentin et al. 2009)
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No differences in primary safety endpoint were observed between the ticagrelor and
clopidogrel arms in any of the sub-group analyses (Table 5.18).
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Table 5.18: Incidence of the Primary Safety Endpoint (time to first major PLATO
defined bleeding event) in the PLATO study relative to the sub-group analyses

Ticagrelor Group Clopidogrel Group Hazard Ratio (95%
(K-M %lyear) (K-M %lyear) <

PLATO 11.6 11.2 1.04 (0.95-1.13)
(Wallentin et al. 2009)
PLATO-INVASIVE 11.5 11.6 0.99 (0.89-1.10)
(Cannon et al. 2010)
PLATO-MEDICAL 11.9 10.3 1.17 (0.98-1.39)
(James et al. 2010)
PLATO-STEMI 9.0 9.2 0.98 (0.83 - 1.14)
(Steg et al. 2010)
PLATO-CABG 81.2 80.0 1.07 (0.80-1.43)
(Held et al. 2009)
PLATO-DIABETES
Diabetes 14.1 14.8 0.95(0.81-1.12)
No Diabetes 10.8 10.0 1.08 (0.97-1.20)
(James et al. 2010
PLATO-GENETICS
No CYP2C19 loss-of-
function CYP2C19 allele 10.3 10.6 0.96 (0.83-1.12)
CYP2C19 loss-of-
function CYP2C19 allele 11.8 11.3 1.04 (0.82-1.30)
(Wallentin et al. 2010)

Secondary Safety Endpoints

A number of additional secondary bleeding endpoints were studied (Table 5.19).

No significant differences in the combined incidence of ‘TIMI Major and Minor’ bleeding
events (similar to those categorised as the primary safety endpoint, PLATO-defined ‘Total
Major’ bleeding events) were observed between the ticagrelor and clopidogrel arms of the
study (Table 5.23). Similarly, no significant difference was observed in the incidence of
‘PLATO Major Fatal/Life-Threatening’, ‘TIMI Major’ and ‘PLATO Major Other’ bleeding
events, between the ticagrelor and clopidogrel arms of the study (Table 5.19).

The event rate of the composite endpoint ‘PLATO Major and PLATO Minor’ bleeding
events was 16.1% per year in the ticagrelor arm compared with 14.6% per year in the
clopidogrel arm (p=0.008) (Table 5.19).

Similarly, analysis of bleeding events relative to CABG or procedures revealed a higher
incidence of PLATO defined non-CABG-related major bleeding events in the ticagrelor arm
of the study compared to clopidogrel (Table 5.19).
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Table 5.19: Incidence of the primary and main secondary bleeding events (Wallentin

et al. 2009)
Ticagrelor Clopidogrel p
(K-M %lyear) (K-M %lyear)
N=9235 N=9186

PLATO Total Major Bleed 11.6 11.2 0.43
(Primary Safety Endpoint)

TIMI Major + Minor Bleed 11.4 10.9 0.33
PLATO Major Fatal/Life-Threatening Bleed 5.8 5.8 0.70
TIMI Major Bleed 7.9 1.7 0.57
PLATO Total Major + Minor Bleed 16.1 14.6 0.008
PLATO Non-CABG Major Bleed 45 3.8 0.03
PLATO Fatal Bleed 0.3 0.3 0.66

Other Safety Events

Other safety signals observed in the PLATO study are displayed in Table 5.20 below.
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Table 5.20: Incidence of additional safety signals (Wallentin et al. 2009)

Ticagrelor Group Clopidogrel Group p
Number of Patients Number of Patients
with Events / Number | with Events / Number
of Patients (%) of Patients (%)
Dyspnoea
Any 1270/9235 (13.8) 721/9186 (7.8) <0.001
Leading to Discontinuation 79/9235 (0.9) 13/9186 (0.1) <0.001
Bradycardia
Pacemaker Insertion 82/9235 (0.9) 79/9186 (0.9) 0.87
Syncope 100/9235 (1.1) 76/9186 (0.8) 0.08
Bradycardia 409/9235 (4.4) 372/9186 (4.0) 0.21
Heart Block 67/9235 (0.7) 66/9186 (0.7) 1.00
Holter Monitoring
First Week
Ventricular pause >3 sec 84/1451 (5.8) 51/1415 (3.6) 0.01
Ventricular pause >5 sec 29/1451 (2.0) 17/1415 (1.2) 0.10
At 30 Days
Ventricular pause >3 sec 21/985 (2.1) 17/1006 (1.7) 0.52
Ventricular pause >5 sec 8/985 (0.8) 6/1006 (0.6) 0.60
Neoplasm arising during treatment
Any
Malignant 132/9235 (1.4) 155/9186 (1.7) 0.17
Benign 115/9235 (1.2) 121/9186 (1.3) 0.69
18/9235 (0.2) 35/9186 (0.4) 0.02
Increase in serum uric acid from
baseline value - %
At 1 month 14+46 7+44 <0.001
At 12 month 15+52 7+31 <0.001
1 Month after end of treatment 7+43 8+48 0.56
Increase in serum creatinine from
baseline value - %
At 1 month 10+22 8+21 <0.001
At 12 month 11+22 9+22 <0.001
1 Month after end of treatment 10+22 10+22 0.59
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5.9.3 Give a brief overview of the safety of the technology in relation to
the decision problem.

Ticagrelor was evaluated in a patient population with significant disease burden,
interventions and concomitant medications. Considering the totality of safety data,
ticagrelor does not substantially add to the background morbidity in the ACS
population or pose a safety concern considerably different from that of clopidogrel,
the current standard of care for patients with ACS. Bleeding, dyspnoea and
ventricular pauses are three noteworthy safety issues from the PLATO study which
are further discussed below. Further information on adverse events is provided in the
SPC (Appendix 1).

Bleeding

There was no significant difference in the primary safety end point of PLATO ‘Major’
bleeding between ticagrelor and clopidogrel (11.6% vs. 11.2%, p = 0.43); these
findings were consistent across all major subgroups (Wallentin et al. 2009). There
was an excess of non-procedural bleeding with ticagrelor however, CABG-related
bleeding was not different between the treatment groups. Fatal bleeding events were
numerically fewer with ticagrelor than clopidogrel (20 vs. 23) (Wallentin et al. 2009).

Dyspnoea

Dyspnoea was another observed adverse reaction and was reported more frequently
with ticagrelor than clopidogrel (13.8% vs. 7.8%) in the PLATO study (Wallentin et al.
2009). Most reported symptoms of dyspnoea were mild to moderate in intensity and
as a single episode early after starting treatment. Approximately 30% of episodes
resolved within 7 days, and the rate of discontinuation due to dyspnoea was 0.9%
with ticagrelor versus 0.1% with clopidogrel (Wallentin et al. 2009). In 2.2% of
patients the investigator considered treatment to be causally related to ticagrelor (see
Appendix 1). Ticagrelor does not affect tests of pulmonary function. The higher
incidence of dyspnoea with ticagrelor is not associated with new or worsening heart
or lung disease.

Ventricular pauses

Holter monitoring detected more ventricular pauses during the first week in the
ticagrelor group than in the clopidogrel group, but such episodes were infrequent at
30 days and rarely associated with symptoms (Wallentin et al. 2009). There were no
significant differences in the rates of clinical manifestations of bradyarrhythmia
between the two treatment groups at one year (Wallentin et al. 2009). In addition
there was no difference in the requirement for a pacemaker between the two
treatment groups (Wallentin et al. 2009).
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5.10 Interpretation of clinical evidence

5.10.1 Please provide a statement of principal findings from the clinical
evidence highlighting the clinical benefit and harms from the
technology.

The evidence base to support the use of ticagrelor comes mainly from the PLATO
study which demonstrated the superiority of a ticagrelor-aspirin strategy compared to
the reference standard of clopidogrel-aspirin in a broad spectrum of ACS patients.
The protocol specified duration of therapy up to 12 months (n=4147 for ticagrelor,
n=4047 for clopidogrel at 12 months) arose from treatment guidelines for dual anti-
platelet therapy.

Efficacy

Ticagrelor reduced the rate of the composite efficacy endpoint of CV death, M, or
stroke after ACS events against the active comparator (and current standard of care
clopidogrel, with ARR at one year 1.9%, RRR 16% (HR = 0.84 [95% CI 0.77-0.92],
p<0.001) (see Table 5.10, Section 5.5.1). This result derives largely from both CV
death and MI, with no contribution from stroke. The observed reduction in all-cause
mortality at one year with ticagrelor in PLATO (ticagrelor 4.5%; clopidogrel 5.9%;
ARR 1.4%; RRR 22%, nominal p<0.001) reinforces the clinical importance of the
significant reduction in CV mortality at one year (ticagrelor 4.0%; clopidogrel 5.1%;
ARR 1.1%; RRR 21%, p<0.001). (Table 5.10, Section 5.5.1) Clopidogrel has only
demonstrated a reduction in all cause mortality in a single 45,000 STEMI patient
study performed mostly in China (Chen et al. 2005). The survival benefit observed
with ticagrelor is the first that has been demonstrated in a much broader ACS
population (including STEMI and invasively and conservatively managed UA/STEMI)
with a relative risk reduction of over 20% when compared to an active comparator
(clopidogrel). The all cause mortality benefit includes the subgroup of patients that
were managed both invasively (HR = 0.81 [95% CI 0.68-0.95], nominal p=0.01 (Table
5.11, Section 5.5.1) and medically managed (HR = 0.75 [95% CI 0.61-0.93], p=0.010
(Section 5.5.1).The superiority of ticagrelor over clopidogrel for the primary
composite endpoint shows consistency across age, gender, and body weight. The
findings are also consistent across all major clinical subgroups of patients, including
patients with and without diabetes and patients with and without genetic markers for
potentially impaired clopidogrel metabolism. Ticagrelor's advantage over clopidogrel
applies to the broad, inclusive population of ACS patients with or without ST-segment
elevation on the ECG, whether or not intended for early invasive management. The
ARR versus clopidogrel appeared early in the course of treatment and the event
curves continue to diverge throughout the 12 month treatment period, strongly
supporting a recommendation to treat patients with ticagrelor for 12 months as per
the NICE guideline recommendation for clopidogrel (NICE Clinical Guideline 94.
March 2010).

Safety

Bleeding is an important safety issue for all antiplatelet medications. Despite greater
inhibition of platelet aggregation with ticagrelor, there was no difference in the
primary safety endpoint of PLATO major bleeding between the two treatment groups
(11.6% vs. 11.2%, p = 0.43) (see Tables 5.18 and 5.19, Section 5.9). Whether

Ticagrelor For The Treatment of Acute Coronary Syndromes

Page 76 of 292



evaluated in the overall population, or restricted to CABG-related bleeds, ticagrelor
and clopidogrel did not differ in major fatal/life-threatening bleeding (5.8% vs. 5.8%,
p= 0.70), or total fatal bleeding (0.3% vs. 0.3% p=0.66) (see Table 5.19, Section 5.9).
While there is an increase in non-CABG related bleeding based on the study criteria
(4.5% with ticagrelor vs. 3.8% with clopidogrel, p=0.03 [see Table 5.19, Section 5.9])
this is not unexpected, more potent anti-platelet therapies are almost universally
associated with some increases in bleeding indices; what is reassuring for ticagrelor
is that the most severe and clinically meaningful bleeding is not significantly
increased.

Dyspnoea, a feeling of breathlessness, occurred more frequently with ticagrelor than
clopidogrel (13.8% vs. 7.8% p <0.001) (see Table 5.20, Section 5.9). In PLATO,
dyspnoea was usually rated mild or moderate in severity, and was not associated
with heart failure or lung disease. 0.9% of patients treated with ticagrelor
discontinued therapy due to dyspnoea.

5.10.2 Please provide a summary of the strengths and limitations of the
clinical-evidence base of the intervention.

Strengths

PLATO was a large randomised controlled, double blind; multi-centre trial of oral
antiplatelet therapy that reflects UK clinical practice and demonstrates a significant
mortality benefit versus the existing standard of care. PLATO recruited a total of
18,642 patients from a broad spectrum of acute coronary syndrome patients
(approximately 38% STEMI, 43% NSTEMI, 17% unstable angina, 3% other diagnosis
or missing data) in a setting that reflects real world practice, including current practice
in the UK (Wallentin et al. 2009). Patients were eligible for enrolment if they were
hospitalised for ACS with or without ST segment elevation with an onset of
symptoms during the previous 24 hours regardless of the subsequent treatment
strategy (e.g. immediate PCIl, delayed PCI, medical management etc.) and
regardless of prior clopidogrel use (Wallentin et al. 2009).

Patients identified at randomisation with investigator intent for early invasive strategy
via PCI or CABG represented 72% of the study population. A total of 3,948 patients
from the full PLATO study population did not have revascularisation during the study
period. This distinguishes PLATO from other antiplatelet trials in which enrolment
was more restricted and controlled within the ACS management pathway (such as
following angiography after a decision for PCI in TRITON-TIMI 38), thus making
PLATO reflective of real-world clinical practice.

Importantly patients in PLATO randomised to clopidogrel (the ‘control’ arm) received
a loading dose of clopidogrel (300-600 mg) as soon as possible and within 24 hours
of the onset of symptoms, provided they had not received clopidogrel treatment
within the previous 5 days in which case a loading dose was not required. Patients
were not excluded from the study if they had received a loading dose of clopidogrel
during transfer or if they had been on clopidogrel maintenance treatment at the onset
of symptoms. This reflects what is commonly seen in clinical practice where the
decision to initiate dual antiplatelet therapy is sometimes taken during emergency
transfer of the patient to the hospital or at the district general hospital while the
patient is being assessed for possible transfer to a unit with PCI facilities. This
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approach is consistent with current guidelines (Bassand et al. 2007, Van de Werf et
al. 2008) which recommends the initiation of dual antiplatelet therapy within 24 hours
of the initial (index) event, and usually prior to coronary angiography. This also
ensured that the comparator was appropriately and optimally dosed according to
current guidelines and practice standards.

TRITON-TIMI 38 investigated the role of prasugrel in a very specific subgroup of
ACS patients, namely those having undergone angiography in whom a decision had
been made to proceed to PCI, in addition to a capped (26%) number of STEMI
patients who could be treated either within 12 hours of symptoms (‘primary’ PCI) or
after 12 hours (‘secondary’ PCI). A major exclusion criterion was the use of any
thienopyridine within 5 days of randomization. Furthermore, only 25% of patients
received their first dose of oral antiplatelet therapy prior to commencing their PCI
procedure; this may have selectively adversely impacted on the efficacy of the
comparator clopidogrel, given its slower onset of anti-platelet activity. PLATO
permitted open-label clopidogrel in-hospital prior to randomisation and also allowed
enrolment of patients taking chronic open-label clopidogrel at the time of the index
ACS event.

The superiority of ticagrelor over clopidogrel for the primary composite endpoint was
consistently manifested across age, gender, and body weight. The overall clinical
outcomes are also consistent across all major subgroups. Furthermore, all the
patents included in the PLATO study are in line with the proposed license indication
for ticagrelor. Data from the PLATO genetics study also supports the use in patients
that may be resistant to clopidogrel thus removing the need for genotyping thereby
simplifying the decision making process, while at the same time showing superiority
of ticagrelor over clopidogrel even in ‘normal’ metabolisers of clopidogrel.

Limitations

The PLATO protocol specified a maximum 12 month duration of treatment in line with
current guidelines for dual antiplatelet therapy in ACS. In PLATO, the median length
of exposure was 9.1months based on a minimum of 6 months treatment for all
enrolled patients and trial closure upon achieving the requisite number of events.
Whilst most events occur soon after the index event, the consistent benefit
demonstrated in PLATO for ticagrelor beyond the 30-day time point means that the
absolute risk reduction versus clopidogrel with ticagrelor continues to build up to the
12 month treatment duration allowed in the PLATO trial, and is the basis for the EU
licence which recommends treatment for up to 12 months.

The loading dose of clopidogrel was different among patients, depending on whether
or not they had already received open-label clopidogrel although this had no
significant impact on the benefits patients received as assessed by the primary
outcome of the study.

5.10.3 Please provide a brief statement of the relevance of the evidence
base to the decision problem. Include a discussion of the relevance
of the outcomes assessed in clinical trials to the clinical benefits
experienced by patients in practice.

The evidence base to support the use of ticagrelor comes mainly from the PLATO
study, a large multicentre, global randomised trial including patients representative of
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“real world” practice. PLATO demonstrated the superiority of a ticagrelor-aspirin
strategy when compared to routine treatment with clopidogrel-aspirin across a broad
spectrum of ACS patients (Wallentin et al. 2009). The primary efficacy and safety
endpoints measured hard clinical outcomes; ischaemic events and mortality for
efficacy and bleeding events for safety, all relevant to the decision problem.

In PLATO, in comparison to clopidogrel, ticagrelor showed a superior reduction in the
primary endpoint of death from vascular causes, non-fatal MI, or non-fatal stroke. In
addition, there was a benefit for ticagrelor in the secondary endpoint of death from
any cause (4.5% vs. 5.9% with clopidogrel, HR = 0.78 [95% CI 0.69-0.89], nominal
p<0.001 [See Table 5.10, Section5.5.1]).

Furthermore, the benefit in relation to the primary endpoint was consistent across
age, gender and body weight as well as across all major clinical subgroups. With
efficacy demonstrated across all major clinical subgroups and no requirement for
dosing adjustment ticagrelor provides clinicians a new treatment option which is an
advance on current treatments both in terms of efficacy and convenience. In
comparison prasugrel is licensed for use in patients with ACS undergoing primary or
delayed PCI with dose variations dependant on the patient’s age (> 75 years) or on
their weight (< 60 kg). The NICE guidance for prasugrel (NICE Technology
Appraisals Guidance 182. October 2009) recommends prasugrel as an option only
when immediate PCI is necessary, or when stent thrombosis has occurred with
clopidogrel, or for patients with diabetes mellitus. The clopidogrel license varies for
STEMI and NSTEMI dependant on whether patients will require PCI or whether they
will be managed medically.

The improved survival with ticagrelor plus aspirin over the current best standard of
care, clopidogrel plus aspirin has been demonstrated across broad ACS population
without a concomitant increase in the risk of overall major bleeding.

Therefore ticagrelor is a valid treatment option for patients with ACS.

5.10.4 Identify any factors that may influence the external validity of study
results to patients in routine clinical practice; for example, how the
technology was used in the trial, issues relating to the conduct of
the trial compared with clinical practice, or the choice of eligible
patients. State any criteria that would be used in clinical practice to
select patients for whom treatment would be suitable based on the
evidence submitted. What proportion of the evidence base is for the
dose(s) given in the SPC?

The PLATO study was designed to reflect the current management strategy across a
broad spectrum of ACS patients; current standards of care typically include the
initiation of dual oral anti-platelet therapy as quickly as possible after presentation in
the treatment centre, prior to any decision being made on the ultimate treatment
strategy employed, be that via PCI or CABG, or involving medical management only.
The study compared ticagrelor and aspirin to clopidogrel plus aspirin, the current
guideline-recommended standard of care (Wallentin et al. 2009). Patients were
randomised 1:1 to either clopidogrel or ticagrelor as quickly as possible after a
confirmatory diagnosis of ACS had been made (Wallentin et al. 2009). The patient
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characteristics from PLATO are comparable to that seen in the general UK ACS
population.

Ml adjudication in PLATO was handled using a standardised acute MI definition.
This process has the advantage over site-assessed MIs as it is more objective and
ensures consistency between clinicians and centres.

The clopidogrel dosage employed within the PLATO study was selected to mirror
current practice at time of study design, with the opportunity to use higher loading
doses (600 mg) allowed on the basis of the patient’s clinical situation, at the clinicians
discretion, again mirroring real-world practice.

One hundred percent of the population studied in PLATO are those indicated to
receive the dose in the SPC. The indication as stated in the draft SPC reflects the
full patient population studied in PLATO.

The clinical evidence base for ticagrelor as presented throughout this submission is
relevant to UK clinical practice, and reflects the clinical efficacy benefits of ticagrelor
in terms of improving patient outcomes in ACS, with no significant increase in the risk
of overall major bleeding.
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6 Cost effectiveness

6.1 Published cost-effectiveness evaluations
Identification of studies

6.1.1 Describe the strategies used to retrieve relevant cost-effectiveness
studies from the published literature and from unpublished data
held by the manufacturer or sponsor. The methods used should be
justified with reference to the decision problem. Sufficient detail
should be provided to enable the methods to be reproduced, and
the rationale for any inclusion and exclusion criteria used should be
provided. The search strategy used should be provided as in
section 9.10, appendix 10.

Systematic literature searches were conducted to identify cost-utility analyses of oral
antiplatelet agents in patients with ACS in the UK.

The following electronic databases were searched (19" January 2010):

e Index Medicus database (MEDLINE), including Medline (R) In-Process using
OVID

o Excerpta Medica Database (EMBASE) using OVID

e NHS Economic Evaluation Database (NHS EED) using the Cochrane Library
database

¢ Health Economic Evaluations Database (HEED)

The search strategies were developed in Medline and adapted for use in the other
literature databases. A broad search was adopted using a generic stem for ACS that
was developed for the SIGN ACS guidelines (2007)*. The ACS generic stem was
combined with SIGN economic search filters for the searches conducted in Medline
and Embase (Appendix 4).

The references retrieved from the initial search were screened in two passes by a
single reviewer. The 1st pass involved applying pre-defined inclusion criteria to the
bibliographic records to assess their relevance to the NICE decision problem. The
board inclusion criteria were articles that reported cost-effectiveness analyses of oral
antiplatelet agents for the treatment of ACS.

The 2™ pass of the screening process applied a set of exclusion criteria to the
potentially relevant articles identified after the first screening. The exclusion criteria
included: health economic perspective outside the United Kingdom, primary
prevention, glycoprotein llb/llla inhibitors, low-molecular weight heparins, articles that
were not published in English, letter/abstracts and duplicate references.

A detailed review of the full text articles identified in the 2nd pass was undertaken by
two reviewers and data extracted that would be used to inform the structure,
assumptions and model inputs for the cost-effectiveness analysis of ticagrelor for the
treatment of ACS in the UK.
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In addition, internet sites of UK Health Technology Assessment (HTA) bodies were
also search for economic evaluations reported in relevant HTA appraisals.

Description of identified studies

6.1.2

Provide a brief overview of each study, stating the aims, methods,

results and relevance to decision-making in England and Wales.
Each study’s results should be interpreted in light of a critical
appraisal of its methodology. When studies have been identified and
not included, justification for this should be provided. If more than
one study is identified, please present in a table as suggested

below.

The systematic review identified 28 papers that were of potential value for helping to
inform the decision problem (see figure 6.1). Twenty papers were subsequently
excluded from further detailed review (see table 6.1).

No papers were identified that had evaluated the cost-effectiveness of ticagrelor in

the treatment of ACS.

Table 6.1: Details of full text cost-effectiveness articles that were excluded

from further review

Study details

Reason for exclusion

Angiolillo, 2006 Commentary on a long-term cost-effectiveness of clopidogrel
Cannon, 2004 Editorial of the cost-effectiveness of clopidogrel
Cheng, 2007 Review of cost-effectiveness analyses of clopidogrel for the

secondary prevention of CAD

Cowper, 2005

Non-UK pharmacoeconomic study. US cost-effectiveness
analysis of prolonged clopidogrel after PCI

Durand-Zaleski,
2004

Review of the cost-effectiveness of clopidogrel versus aspirin
based on the CAPRIE study

Fox, 2005

Overview and commentary on the cost-effectiveness analysis
of clopidogrel in high-risk patients with ACS (Schleinitz MD &
Heidenreich, 2005)

Huston & Dawkins,
2008

Review article primarily focusing on the cost-effectiveness of
enoxaparin in the treatment of ACS and PCI

Lyseng-
Williamson, 2006

Pharmacoeconomic review of clopidogrel in patients with non-
ST elevation ACS.

Mahoney, 2006

Non-UK pharmacoeconomic study. US cost-effectiveness
analysis of early and sustained clopidogrel in patients with ACS
without ST-segment elevation.

Mahoney, 2010

Non-UK pharmacoeconomic study. US cost-effectiveness study
of prasugrel versus clopidogrel in patients with ACS and
planned PCI.

Malinina, 2007

Review article of the cost-effectiveness of anti-platelet therapy
for secondary stroke prevention from a US health care system
perspective. Patient population not relevant to the decision
problem.

Matchar, 2005

Non-UK pharmacoeconomic study. US cost-effectiveness
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Study details

Reason for exclusion

analysis of antiplatelet therapy in secondary stroke prevention.
Patient population not relevant (patients with a history of
cerebrovascular disease).

Maxwell, 2009

Non-UK pharmacoeconomic study (US cost-effectiveness
analysis).Comparators not relevant to decision problem.

Monaco, 1998

Commentary on the cost-effectiveness of pharmacological
preventative strategies for ACS.

Robinson, 2005

Treatment strategies not relevant to the decision problem.

Schleintitz, 2004

Non UK cost-utility analysis (US study) of clopidogrel for the
secondary prevention of vascular events.

Schleintitz, 2005

Non UK cost-utility analysis (US study) of clopidogrel plus
aspirin versus aspirin alone for patients with high risk ACS.

Weintraub, 2004

Review article of the cost-effectiveness of clopidogrel in the
management of ACS.

Weintraub, 2008

Commentary/overview of health economic evaluation using
antiplatelet therapy to illustrate fundamental principles.

Weintraub, 2005

Non-UK cost-effectiveness study (US study) of clopidogrel in
patients with ACS.
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Figure 6.1: Flow diagram of literature review of relevant economic evaluations
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Table 6.2: Summary list of other cost-effectiveness evaluations

Study Year Country(ies) | Summary of model Patient population | QALYs (intervention, Costs (currency) ICER (per
where study (average age in comparator) (intervention, QALY gained)
was years) comparator)
performed

Daiichi- 2009 UK Two phase Markov model; a | UK patients with Base-case estimates

Sankyo/Eli Lilly trial based period of 15 NSTEMI, UA and

months followed by a life STEMI (aged 61-64 | Prasugrel 10.15 QALYs Prasugrel £5,334 £3,220
time extrapolation (40 years). | years) with and Clopidogrel 10.10 QALYs Clopidogrel £5,163
Base-case treatment without diabetes

duration of 12 months scheduled for PCI.

adopted. Clinical events

captured by the model

include: CV death, MI, stroke

to bleeds. It also includes

hospitalisation due to major

CV and bleed events.

TRITON-TIMI 38 was the key

source of evidence used to

develop the model.

Heeg et al. 2007 Netherlands, | Three phase Markov model Patients (average Clopidogrel versus ASA

UK (first 6 months, second 6 age 60 years) with

months and subsequent recent MI, stroke or | CAPRIE ALYG 0.02 ACost £384 £20,243 per
periods of 6 months) with symptomatic PAD LYG
health states for Ml, stroke at high risk of
and death. Model used event | ischaemic events. CHARISMA ALYG 0.00 ACost £351 £167,486 per
rate data from CAPRIE, LYG
CHARISMA, CURE and PCI-
CURE to estimate the cost- CURE ALYG 0.11 ACost £88 £771 per LYG
effectiveness of clopidogrel
versus aspirin. Treatment PCI-CURE ALYG 0.03 ACost -£268 Dominant
duration was similar to the
treatment duration in the
trials. Lifetime horizon was
adopted.

Jones et al. 2004 UK Adaptation of a Markov UK patients Base-case estimates Base-case estimates

model developed by Sanofi-

(average age 60

Scenario 1: lifetime
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Study Year Country(ies) | Summary of model Patient population | QALYs (intervention, Costs (currency) ICER (per
where study (average age in comparator) (intervention, QALY gained)
was years) comparator)
performed

Synthelabo Ltd and Bristol- years) with recent treatment duration
Myers Squib. Health states MI. excluding RR of non-
for the model of patients with vascular death)
a recent MI were new Ml,
stroke, Year 1 post-MlI, Year Clopidogrel 9.10 QALYs Clopidogrel £25,585
1 post-stroke, vascular death ASA 8.86 QALYs ASA £18,286 £31,400
and non-vascular death. A
lifetime horizon (40 years) Scenario 2: lifetime
and a cycle length of 1 year treatment duration including
were adopted. RR of non-vascular death)
Clopidogrel 8.94 QALYs Clopidogrel £25,585 £94,446
ASA 8.86 QALYs ASA £18,285
Scenario 3: 2-year
treatment duration
excluding RR of non-
vascular death)
Clopidogrel 8.95 QALYs Clopidogrel £19,202 £17,081
ASA 8.90 QALYs ASA £18,285
Scenario 4: 2-year
treatment duration including
RR of non-vascular death)
Clopidogrel 8.91 QALYs Clopidogrel £19,078 £21,448
ASA 8.87 QALYs ASA £18,182
Karnon et al. 2010 UK Markov model with four UK patients Base-case (1 month
health states (new MI, post (average age 60) treatment duration)
new-MI, stroke and death) recently diagnosed
patients may stay in or move | with STEMI. Clopidogrel 7.984 QALYs Clopidogrel £18,397 £2,284

to following their initial
STEMI. The model was used

ASA 7.931 QALYs

ASA £18,276
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Study

Year

Country(ies)
where study
was
performed

Summary of model

Patient population
(average age in
years)

QALYs (intervention,
comparator)

Costs (currency)
(intervention,
comparator)

ICER (per
QALY gained)

to estimate the long-term
costs and health benefits of
clopidogrel utilising data from
two clopidogrel trials:
COMMIT/CCS-2 (mean
follow-up 14.9 days) and
CLARITY-TIMI 28 (86-88%
patients followed up to 30
days). Transition probabilities
for month 1 and months 2-12
were estimated from a
German, prospective,
multicentre, observational
study in patients with STEMI.
A life-time horizon and a
cycle length of 1 year after
an initial 12 month modelled
period were adopted.

Base-case (12 month
treatment duration)

Clopidogrel 8.117 QALYs
ASA 7.931 QALYs

Clopidogrel £18,624
ASA £18,276

£3,891

Karnon et al.

2006

UK

One year decision-tree
model followed by a life-time
(34 years) Markov model
which describes the annual
probability of ACS patients
experiencing a Ml, stroke or
death from vascular or non-
vascular death in 1 year
cycles. The model takes into
account age at the time of an
event. A 12 month treatment
duration was adopted in the
base-case analysis.

UK patient
diagnosed with
non-ST-segment
elevation ACS
(average age 66
years)

Base-case estimates

Clopidogrel 7.3645 QALYs
ASA 7.3098 QALYs

Clopidogrel £11,756
ASA £11,353

£7,365

Karnon et al.

2005

UK

Markov model with discrete
health states for new MI, new
stroke, post new MI, post

UK patients
(average age 60
years) at risk of a

Base-case estimates

Clopidogrel 12.00 QALYs

Clopidogrel £19,200

£21,489
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Study Year Country(ies) | Summary of model Patient population | QALYs (intervention, Costs (currency) ICER (per
where study (average age in comparator) (intervention, QALY gained)
was years) comparator)
performed

new stroke and death. A secondary ASA 11.96 QALYs ASA £18,381
treatment duration of 2 years | occlusive vascular

and a lifetime horizon of 40 event.

years were adopted in the

base-case.

Lamy et al. 2004 Canada, Trial based economic Patients that were Base-case estimates
Sweden, evaluation was conducted hospitalised within
USA, UK using clinical outcomes data | 24 hour onset of Clopidogrel versus ASA

from the CURE trial. No symptoms A Events avoided A Cost (UK) £208 £10,366 per
discounting was performed, indicative of ACS (composite of CV death, Ml event avoided
since the maximum follow-up | that did not have or stroke) 2.0%
was 1 year. Average significant ST
treatment period was 9 segment elevation.
months. In the UK, 737
patients
participated in this
trial. Total trial
population was
12,562 patients.
Main et al. 2004 UK Two part model: (1) an initial | UK patients Base-case estimates

12 month decision-tree
model following an episode
of ACS during which 3
mutually exclusive events are
modelled: MI, death (CV and
non-CV) and IHD without
non-fatal Ml (i.e. event free)
(2) a life-time (40 year)
Markov model in which
patients enter the model from
the short-term decision tree
model either having
experienced a non-fatal Ml or

(average age 60
years) with non-ST-
segment elevation
ACS

Clopidogrel 8.2795 QALYs
ASA 8.2022 QALYs

Clopidogrel £12,695
ASA £12,225

£6,078
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Study Year Country(ies) | Summary of model Patient population | QALYs (intervention, Costs (currency) ICER (per
where study (average age in comparator) (intervention, QALY gained)
was years) comparator)
performed

being event free (IHD without
non-fatal Ml). The models
consists of 4 discrete health
states: well, non-fatal Ml (1
cycle only), post-MI and dead
(all cause).
Rogowski et 2009 UK Two part model: (1) short- UK patients with Base case-estimates
al. term decision tree non-ST-segment
characterising a period of elevation ACS Clopidogrel £12, 695 Clopidogrel 8.2795 £6,078

12months following an
episode of ACS. Three
mutually exclusive outcomes
were modelled: IHD without
any evidence of MI, non-fatal
MI and death. (2) Patients
surviving the initial 12 month
period enter a long-term
Markov model. The model
consists of 4 discrete health
states: well, Ml (one cycle
only), post-MI and death. The
model was run over a period
of 40 cycles (equivalent to 40
years).

(average age was
not reported as this
was not an explicit
parameter in the
model).

ASA £12,225

ASA 8.2022

ICER, incremental cost-effectiveness ratio; QALY(s), quality-adjusted life year(s); ASA = aspirin, LYG = life year gained
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6.1.3 Please provide a complete quality assessment for each cost-
effectiveness study identified. Use an appropriate and validated
instrument, such as those of Drummond and Jefferson (1996)" or
Philips et al. (2004)2. For a suggested format based on Drummond
and Jefferson (1996), please see section 9.11, appendix 11.

All items were graded as either V (item adequately addressed), x (item not
adequately addressed), ? (unclear or not enough information), NA (not applicable) or
NS (not stated).

Study name: Prasugrel for the treatment of acute coronary syndromes with
percutaneous coronary intervention. Daiichi-Sankyo/Eli Lilly (2009).

Study question Grade Comments
(yes/no/not
clear/N/A)
Study design
1. Was the research question N
stated?
2. Was the economic importance of No evidence was presented of the
the research question stated? economic burden of ACS in the UK
- (e.g. NHS resource implications
' associated with hospital
admissions for secondary

occlusive vascular events).

3. Was/were the viewpoint(s) of the

analysis clearly stated and \
justified?

4. Was a rationale reported for the

choice of the alternative N
programmes or interventions
compared?

5. Were the alternatives being N

compared clearly described?

6. Was the form of economic J
evaluation stated?

7. Was the choice of form of

economic evaluation justified in N
relation to the questions
addressed?

Data collection

! Drummond MF, Jefferson TO (1996) Guidelines for authors and peer reviewers of economic
submissions to the BMJ. The BMJ Economic Evaluation Working Party. British Medical
Journal 313 (7052): 275-83.

2 Philips Z, Ginnelly L, Sculpher M, et al. (2004) Quality assessment in decision-analytic
models: a suggested checklist (Appendix 3). In: Review of guidelines for good practice in
decision-analytic modelling in health technology assessment. Health Technology Assessment
8: 36.
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8. Was/were the source(s) of

TRITON-TIMI 38 was the primary

effectiveness estimates used N source of evidence wused to

stated? evaluate the cost-effectiveness of
prasugrel versus clopidogrel.

9. Were details of the design and

results of the effectiveness study \

given (if based on a single study)?

10. Were details of the methods of

synthesis or meta-analysis of

estimates given (if based on an NA

overview of a number of

effectiveness studies)?

11. Were the primary outcome

measure(s) for the economic \

evaluation clearly stated?

12. Were the methods used to N Background population norms for

value health states and other EQ-5D (Kind 1999) were applied to

benefits stated? a hypothetical cohort of UK
patients that entered the model
following an episode of ACS. Utility
decrements for non-fatal Ml and
stroke were based a US Medical
Expenditure Panel Survey (MEPS)
that used a US version of the EQ-
5D (Sullivan 2006). The utility
decrement for patients
experiencing a major bleed (25%
decrement of the population norm
applied for 14 days) was estimated
using data from a study reported
by Schleinitz 2005.

13. Were the details of the subjects The characteristics of the patients

from whom valuations were used to elicit a utility decrement for

obtained given? a major bleeding event are not
specified in the document.

14. Were productivity changes (if

; NA

included) reported separately?

15. Was the relevance of

productivity changes to the study NA

question discussed?

16. Were quantities of resources

reported separately from their unit \

cost?
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17. Were the methods for the ? Rehospitalisation  for  endpoint

estimation of quantities and unit related events and other serious

costs described? AEs over a 12 month pre-specified
period were estimated from a
subgroup of 6,705 patients from
eight countries (including the UK)
that participated in the TRITON
TIMI 38 trial. A Poisson regression
analysis was performed to predict
the occurrence of rehospitalisation.
Of the European countries
represented in the economic sub-
sample the UK, Spain and ltaly
was grouped together as having
relatively low hospitalisation rates
compared to France and Germany.
This was used in the base case
analysis. DRG codes were
matched to the corresponding UK
‘NHS reference costs’ HRG4 code
by a consultant cardiology to
allocate unit costs to the
rehospitalisations. No  further
details of how DRG codes were
matched to HRG codes was
provided.

18. Were currency and price data N

recorded?

19. Were details of price NHS unit costs for

adjustments for inflation or currency N rehospitalisations were not inflated.

conversion given? NHS Reference Costs for 2006/07
were adopted.

20. Were details of any model used N

given?

21. Was there a justification for the

choice of model used and the key \

parameters on which it was based?

Analysis and interpretation of results

22. Was the time horizon of cost N Lifetime horizon (40 years) was

and benefits stated? adopted.

23. Was the discount rate stated? A 3.5% discount rate was applied

N to costs and health benefits

incurred after the 1% modelled
year.

24. Was the choice of rate justified? N Discount rate used was consistent
with the NICE reference case.

25. Was an explanation given if

cost or benefits were not NA

discounted?
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26. Were the details of statistical

test(s) and confidence intervals \

given for stochastic data?

27. Was the approach to sensitivity N PSA and one way sensitivity

analysis described? analyses were conducted.

28. Was the choice of variables for X Few details were given of why

sensitivity analysis justified? certain variables were selected for
sensitivity analysis. Unit costs for
hospitalisation were not included in
the one-way sensitivity analysis.

29. Were the ranges over which the N

parameters were varied stated?

30. Were relevant alternatives

compared? (That is, were

appropriate comparisons made \

when conducting the incremental

analysis?)

31. Was an incremental analysis N

reported?

32.  Were major  outcomes

presented in a disaggregated as \

well as aggregated form?

33. Was the answer to the study N

guestion given?

34. Did conclusions follow from the N

data reported?

35. Were conclusions accompanied Sensitivity analysis illustrated that

by the appropriate caveats? prasugrel would not be cost-
effective versus clopidogrel if a 1
year time-horizon were adopted.

\ However, the authors argued that

a 1 year time horizon would not
adequately capture the full health
benefits which would be accrued
by the patient over their lifetime.

36. Were generalisability issues TRITON-TIMI 38 trial was broadly

addressed? \ representative of ACS patients

treated in the NHS.

Adapted from Drummond MF, Jefferson TO (1996) Guidelines for authors and peer reviewers
of economic submissions to the BMJ. The BMJ Economic Evaluation Working Party. British
Medical Journal 313 (7052): 275—-83. Cited in Centre for Reviews and Dissemination (2008)
Systematic reviews. CRD’s guidance for undertaking reviews in health care. York: Centre for

Reviews and Dissemination

Ticagrelor For The Treatment of Acute Coronary Syndromes

Page 93 of 292




Study name: Oral antiplatelet therapy in secondary prevention of cardiovascular
events — An assessment from the payer’s perspective. Heeg et al (2007).

Study question

Grade
(yes/no/not
clear/N/A)

Comments

Study design

1. Was the research question
stated?

2. Was the
importance of the
question stated?

economic
research

No evidence was presented of the
economic burden of ACS in the UK (e.g.
NHS resource implications associated with
hospital admissions for secondary occlusive
vascular events).

3. Was/were the viewpoint(s)
of the analysis clearly stated
and justified?

A UK NHS perspective was adopted.

4. Was a rationale reported for
the choice of the alternative
programmes or interventions
compared?

5. Were the alternatives being
compared clearly described?

6. Was the form of economic
evaluation stated?

Cost-effectiveness
cost per LYG)

analysis (incremental

7. Was the choice of form of
economic evaluation justified in
relation to the questions
addressed?

It is not clear why a cost-effectiveness
analysis was performed in preference to a
cost-utility analysis.

Data collection

8. Was/were the source(s) of
effectiveness estimates used
stated?

9. Were details of the design
and results of the effectiveness
study given (if based on a
single study)?

A short description of the RCTs used to
provide clinical outcomes for the model was
presented as supplementary material
(http://pharmacoeconomics.adisonline.com).

10. Were details of the
methods of synthesis or meta-
analysis of estimates given (if
based on an overview of a
number of effectiveness
studies)?

NA

11. Were the primary outcome
measure(s) for the economic
evaluation clearly stated?
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12. Were the methods used to

value health states and other NA

benefits stated?

13. Were the details of the Few details were provided on ACS patient

subjects from whom valuations x characteristics within the paper.

were obtained given?

14. Were productivity changes

(if included) reported NA

separately?

15. Was the relevance of

productivity changes to the NA

study question discussed?

16. Were quantities of

resources reported separately \

from their unit cost?

17. Were the methods for the The authors comment that event costs were

estimation of quantities and - obtained from a variety of sources such as

unit costs described? ' previous cost-effectiveness publications and
NHS Reference Costs.

18. Were currency and price N All costs were converted to £ (year 2006

data recorded? values)

19. Were details of price A yearly inflation rate of 3.5% was assumed

adjustments for inflation or N and December 2006 currency exchange

currency conversion given? rates were applied (E1 = $US 1.978 and £1
=€1.485).

20. Were details of any model N

used given?

21. Was there a justification for Model had previously been used to estimate

the choice of model used and the cost-effectiveness of clopidogrel versus

the key parameters on which it aspirin for the secondary prevention of CV

was based? \ events in the high-risk CAPRIE trial
population in Denmark. It had also been
used in the clopidogrel reimbursement
application in the Netherlands.

Analysis and interpretation of results

22. Was the time horizon of N

cost and benefits stated?

23. Was the discount rate N Future costs and health benefits were

stated? discounted at a rate of 3.5% per year.

24. Was the choice of rate -

justified? '

25. Was an explanation given

if cost or benefits were not NA

discounted?

26. Were the details of
statistical test(s) and
confidence intervals given for
stochastic data?
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27. Was the approach to
sensitivity analysis described?

Multivariate PSA was conducted.

28. Was the choice of
variables for sensitivity
analysis justified?

29. Were the ranges over
which the parameters were
varied stated?

All costs, age specific risk increases in
event rates and relative risks of
experiencing subsequent events were
varied between 0.75 and 1.25 of their initial
value, as this range was expected to be
sufficiently wide to capture uncertainty
around these  parameters. Uniform
distributions were applied.

30. Were relevant alternatives
compared? (That is, were
appropriate comparisons made
when conducting the
incremental analysis?)

31. Was an incremental
analysis reported?

All results were expressed at Incremental
Cost per Life Year Gained.

32. Were major outcomes
presented in a disaggregated
as well as aggregated form?

Only incremental costs per patient and
incremental life years gained per patient
were presented.

33. Was the answer to the
study question given?

The pharmacoeconomic analysis confirmed
the NICE recommendation to recommend
clopidogrel as a treatment option for high
risk patients with ACS.

34. Did conclusions follow from
the data reported?

35. Were conclusions
accompanied by the
appropriate caveats?

36. Were generalisability
issues addressed?

The authors commented that the clinical
and the epidemiological part of the model
were applicable to the UK, as there was no
reason to assume that the epidemiology of
CV events would differ significantly between
the Netherlands and the UK. The only
country specific differences that were
identified were unit costs, the probability of
death for other causes and the rate of
discounting.

Adapted from Drummond MF, Jefferson TO (1996) Guidelines for authors and peer reviewers
of economic submissions to the BMJ. The BMJ Economic Evaluation Working Party. British
Medical Journal 313 (7052): 275—-83. Cited in Centre for Reviews and Dissemination (2008)
Systematic reviews. CRD’s guidance for undertaking reviews in health care. York: Centre for

Reviews and Dissemination
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Study name: Clinical effectiveness and cost-effectiveness of clopidogrel and modified
release dipyridamole in the secondary prevention of occlusive vascular events. Jones

et al (2004)
Study question Grade Comments
(yes/no/not
clear/N/A)
Study design
1. Was the research question N
stated?
2. Was the economic importance of Details of the economic burden of
the research question stated? CHD in the UK were reported.
N Direct and indirect healthcare costs
associated with CHD  were
estimated to be in the order of £7
billion in 1999.
3. Was/were the viewpoint(s) of the
analysis clearly stated and \
justified?
4. Was a rationale reported for the N An extended cost-effectiveness
choice of the alternative model was developed to provide a
programmes or interventions consistent model structure with
compared? which to assess the cost-
effectiveness of a full range of
agents licensed for the secondary
prevention of occlusive vascular
events in four subgroups of
patients (Ml, stroke, TIA and PAD).
The model enabled a lifetime
treatment duration to be modelled
in the base case.
5. Were the alternatives being
) l
compared clearly described?
6. Was the form of economic N
evaluation stated?
7. Was the choice of form of
economic evaluation justified in J
relation to the questions
addressed?
Data collection
8. Was/were the source(s) of Effectiveness estimates for
effectiveness  estimates used patients in the Ml subgroup treated
stated? \ with either clopidogrel plus aspirin
or aspirin alone were sourced from
the CAPRIE trial.
9. Were details of the design and
results of the effectiveness study \

given (if based on a single study)?
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10. Were details of the methods of
synthesis or meta-analysis of

estimates given (if based on an NA

overview of a number of

effectiveness studies)?

11. Were the primary outcome

measure(s) for the economic \

evaluation clearly stated?

12. Were the methods used to N Utility estimates for M| and stroke

value health states and other were estimated using UK societal

benefits stated? preferences derived from the EQ-
5D questionnaire. The authors
were unable to find utility estimates
for stroke that distinguished
between patients in their first or
subsequent year following the
event, and so the utility associated
with stroke was assumed to remain
constant with time from the event.
The utility estimate for TIA was
assumed to be associated with an
independent (non-disabled) stroke
patient.

13. Were the details of the subjects Details of the subjects from whom

from whom valuations were X utility valuations were obtained

obtained given? were not provided.

14. Were productivity changes (if NA

included) reported separately?

15. Was the relevance of

productivity changes to the study NA

question discussed?

16. Were quantities of resources

reported separately from their unit \

cost?

17. Were the methods for the

estimation of quantities and unit \

costs described?

18. Were currency and price data N

recorded?

19. Were details of price

adjustments for inflation or currency ?

conversion given?

20. Were details of any model used N

given?
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21. Was there a justification for the
choice of model used and the key
parameters on which it was based?

The extended economic model
enabled the investigators to
separately address the cost-
effectiveness of all licensed agents
for the secondary prevention of
occlusive vascular events in each
relevant subgroup. It enabled an
assessment to be made of
extending the treatment duration
from 2 years to a lifetime. Finally, it
allowed an assessment to be
made of the impact of including the
reported treatment effects on both
vascular and non-vascular
mortality.

Analysis and interpretation of results

22. Was the time horizon of cost

A lifetime horizon was adopted

) V .
and benefits stated? (equivalent to 40 years).
23. Was the discount rate stated? Costs and QALYs were discounted
\ at a rate of 6% and 1.5% per year,

respectively, in the base case

24. Was the choice of rate justified? X

25. Was an explanation given if

cost or benefits were not NA

discounted?

26. Were the details of statistical Mean EQ-5D utilities for the health

test(s) and confidence intervals states and their respective

given for stochastic data? \ standard errors were provided.
Mean costs (95% CI) for stroke
and MI were also reported.

27. Was the approach to sensitivity N Extended model was fully

analysis described? probabilistic. Parameters were
entered as random variables rather
than fixed point estimates. Monte
Carlo simulation was used to
propagate parameter uncertainty
through the model. CEACs were
used to present uncertainty in the
cost-effectiveness of the
competing interventions.

28. Was the choice of variables for J

sensitivity analysis justified?

29. Were the ranges over which the N

parameters were varied stated?

30. Were relevant alternatives

compared? (That is, were

appropriate  comparisons made \

when conducting the incremental
analysis?)
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31. Was an incremental analysis

\/
reported?
32. Were major  outcomes
presented in a disaggregated as X
well as aggregated form?
33. Was the answer to the study J
question given?
34. Did conclusions follow from the N
data reported?
35. Were conclusions accompanied For the MI subgroup, clopidogrel
by the appropriate caveats? would be considered cost-effective
versus aspirin if a treatment
duration of 2 years were adopted.
J If a lifetime treatment duration

were used, clopidogrel would be
considered more cost-effective
than aspirin provided the treatment
effects of non-vascular deaths
were omitted.

36. Were generalisability issues

addressed?

X

Adapted from Drummond MF, Jefferson TO (1996) Guidelines for authors and peer reviewers
of economic submissions to the BMJ. The BMJ Economic Evaluation Working Party. British
Medical Journal 313 (7052): 275-83. Cited in Centre for Reviews and Dissemination (2008)
Systematic reviews. CRD’s guidance for undertaking reviews in health care. York: Centre for

Reviews and Dissemination

Study name: A cost-utility analysis of clopidogrel in

coronary syndromes in the UK. Karnon et al (2010)

patients with ST elevation acute

Study question Grade Comments
(yes/no/not
clear/N/A)
Study design
1. Was the research question N
stated?
2. Was the economic importance of 5 Details of the economic burden of
the research question stated? ' ACS in the UK were not reported.
3. Was/were the viewpoint(s) of the
analysis clearly stated and \
justified?
4. Was a rationale reported for the
choice of the alternative N
programmes or interventions
compared?
5. Were the alternatives being N

compared clearly described?
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6. Was the form of economic
evaluation stated?

7. Was the choice of form of
economic evaluation justified in
relation to the questions
addressed?

Data collection

8. Was/were
effectiveness
stated?

the source(s) of
estimates used

The COMMIT/CCS-2 and
CLARITY-TIMI 28 trials were the
primary sources for the
effectiveness estimates.

9. Were details of the design and
results of the effectiveness study
given (if based on a single study)?

10. Were details of the methods of
synthesis or meta-analysis of
estimates given (if based on an
overview of a number of
effectiveness studies)?

NA

11. Were the primary outcome
measure(s) for the economic
evaluation clearly stated?

Incremental cost per QALY gained
was the primary  outcome
measured.

12. Were the methods used to
value health states and other
benefits stated?

Utility estimates for stroke were
sourced from a meta-analysis of
QoL estimates for stroke (Teng
2003). The Harvard utilities
database was used to elicit utility
estimates for the other health
states.

13. Were the details of the subjects
from whom valuations were
obtained given?

14. Were productivity changes (if
included) reported separately?

NA

15. Was the relevance of
productivity changes to the study
question discussed?

NA

16. Were quantities of resources
reported separately from their unit
cost?
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17. Were the methods for the
estimation of quantities and unit
costs described?

The STEMI event-free health state
and non-fatal Ml health state costs
were estimated from patient level
hospital resource use data
collected as part of an evaluation
of GPA lIb/llla inhibitors in ACS
(Palmer et al 2002). The costs
assigned to the stroke health
states were sourced from a UK
study that estimated the cost of
stroke using data on resource use
in primary and secondary care
over a period of 1 year (Youman et
al 2003). Drug costs were taken
from the BNF.

18. Were currency and price data

All costs were reported as 2006 £

\/
recorded? values
19. Were details of price
adjustments for inflation or currency X
conversion given?
20. Were details of any model used N
given?
21. Was there a justification for the
choice of model used and the key \
parameters on which it was based?
Analysis and interpretation of results
22. Was the time horizon of cost N Lifetime horizon was adopted.
and benefits stated?
23. Was the discount rate stated? The base case discount rate was
not reported, however, sensitivity
X analysis was undertaken that
applied a discount rate of 6% for
costs and 1.5% for QALYSs.
24. Was the choice of rate justified? NA
25. Was an explanation given if
cost or benefits were not ?
discounted?
26. Were the details of statistical
test(s) and confidence intervals \
given for stochastic data?
27. Was the approach to sensitivity One-way sensitivity analysis was
analysis described? conducted using the lower and
N upper 95% Clis for key health

outcomes and cost parameters.
PSA was also performed using
Monte Carlo simulation.

28. Was the choice of variables for
sensitivity analysis justified?
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29. Were the ranges over which the

parameters were varied stated? v

30. Were relevant alternatives

compared? (That is, were

appropriate comparisons made \

when conducting the incremental

analysis?)

31. Was an incremental analysis N

reported?

32. Were major  outcomes N

presented in a disaggregated as

well as aggregated form?

33. Was the answer to the study N

question given?

34. Did conclusions follow from the N

data reported?

35. Were conclusions accompanied N Caveats are given relating to the

by the appropriate caveats? uncertainty around some of the
model input parameters that used
data from the US and Germany to
inform relevant base-case event
rates within and beyond the
treatment period. The analysis of
the 1 year treatment duration is
subject to the assumption that
clopidogrel  continues to be
effective in STEMI patients beyond
the 4 week trial period of
COMMIT/CCS-2 trial. Finally, the
investigators did not include the
rate of major bleeding in their
model as the trial data showed no
significant increased risk with
clopidogrel plus aspirin versus
aspirin alone.

issues ? The COMMIT/CCS-2 trial was

36. Were generalisability
addressed?

conducted in the People’s Republic
of China. The authors do not
comment on the generalisability of
this trial to UK practice.

Adapted from Drummond MF, Jefferson TO (1996) Guidelines for authors and peer reviewers
of economic submissions to the BMJ. The BMJ Economic Evaluation Working Party. British
Medical Journal 313 (7052): 275-83. Cited in Centre for Reviews and Dissemination (2008)
Systematic reviews. CRD’s guidance for undertaking reviews in health care. York: Centre for

Reviews and Dissemination
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Study name: A cost utility analysis of clopidogrel in patients with non-ST-segment
elevation acute coronary syndromes in the UK. Karnon et al (2006)

Study question Grade Comments
(yes/no/not
clear/N/A)

Study design

1. Was the research question N

stated?

2. Was the economic importance of N A poster of the PRAIS-UK study

the research question stated? (Bakhai 2001) is used highlight the
burden of NSTEMI ACS to the
NHS in terms of hospital
admissions (114,000 per annum)
and despite low dose ASA use,
combined rates of death, Ml and
stroke following NSTEMI ACS are
around 14% at 6 months.

3. Was/were the viewpoint(s) of the N

analysis clearly stated and

justified?

4. Was a rationale reported for the N

choice of the alternative

programmes or interventions

compared?

5. Were the alternatives being N

compared clearly described?

6. Was the form of economic N

evaluation stated?

7. Was the choice of form of N

economic evaluation justified in

relation to the questions

addressed?

Data collection

8. Was/were the source(s) of The CURE trial was the primary

effectiveness estimates used source used to inform the model of

stated? \ the clinical effectiveness  of
clopidogrel versus ASA over a 12
month treatment period.

9. Were details of the design and

results of the effectiveness study \

given (if based on a single study)?

10. Were details of the methods of

synthesis or meta-analysis of

estimates given (if based on an NA

overview of a number of
effectiveness studies)?
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11. Were the primary outcome

measure(s) for the economic \

evaluation clearly stated?

12. Were the methods used to N The utility estimates for stroke

value health states and other were obtained from a meta-

benefits stated? analysis (Tengs 2003). The
authors comment that no data
were identified to differentiate utility
values for event-free ACS (> 1
year post treatment initiation) and
acute Ml patients (> 1 year post
event) and so a conservation
assumption was taken that both
have the same utility values (0.93).

13. Were the details of the subjects

from whom valuations were X

obtained given?

14. Were productivity changes (if NA

included) reported separately?

15. Was the relevance of

productivity changes to the study NA

question discussed?

16. Were quantities of resources

reported separately from their unit \

cost?

17. Were the methods for the

estimation of quantities and unit \

costs described?

18. Were currency and price data N Costs were reported in £ sterling

recorded? and updated to the year 2002.

19. Were details of price

adjustments for inflation or currency X

conversion given?

20. Were details of any model used N

given?

21. Was there a justification for the

choice of model used and the key \

parameters on which it was based?

Analysis and interpretation of results

22. Was the time horizon of cost Lifetime horizon was adopted. The

and benefits stated? \ model runs for 34 years in annual
cycles.

23. Was the discount rate stated? An annual discount rate of 6% was

\ adopted for costs and 1.5% for

health benefits.

24. Was the choice of rate justified? N Based on NICE guidance (2001)
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25. Was an explanation given if
cost or benefits were not
discounted?

NA

26. Were the details of statistical
test(s) and confidence intervals
given for stochastic data?

27. Was the approach to sensitivity
analysis described?

The authors reported that one- and
two-way sensitivity analysis was
conducted around key variables.
PSA was also undertaken.

28. Was the choice of variables for
sensitivity analysis justified?

29. Were the ranges over which the
parameters were varied stated?

30. Were relevant alternatives
compared? (That is, were
appropriate  comparisons made
when conducting the incremental
analysis?)

31. Was an incremental analysis
reported?

32.  Were major  outcomes
presented in a disaggregated as
well as aggregated form?

33. Was the answer to the study
question given?

34. Did conclusions follow from the
data reported?

35. Were conclusions accompanied
by the appropriate caveats?

36. Were generalisability issues
addressed?

\/

Adapted from Drummond MF, Jefferson TO (1996) Guidelines for authors and peer reviewers
of economic submissions to the BMJ. The BMJ Economic Evaluation Working Party. British
Medical Journal 313 (7052): 275—-83. Cited in Centre for Reviews and Dissemination (2008)
Systematic reviews. CRD’s guidance for undertaking reviews in health care. York: Centre for

Reviews and Dissemination
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Study name: Modelling the long term cost effectiveness of clopidogrel for the
secondary prevention of occlusive vascular events in the UK. Karnon et al (2005)

Study question Grade Comments
(yes/no/not
clear/N/A)
Study design
1. Was the research question N
stated?
2. Was the economic importance of N The authors cited a burden of
the research question stated? disease study (Liu 2002) that
reported that CHD cost the UK
£1.7 billion in direct costs and £5.3
billion in indirect costs. A study by
Bosanquet and Franks (1998) was
also cited that reported that stroke
patients account for £2.3 billion in
1995-1996, the equivalent of 5.8%
of the NHS and social services
expenditure.
3. Was/were the viewpoint(s) of the
analysis clearly stated and \
justified?
4. Was a rationale reported for the
choice of the alternative N
programmes or interventions
compared?
5. Were the alternatives being N
compared clearly described?
6. Was the form of economic N
evaluation stated?
7. Was the choice of form of
economic evaluation justified in N
relation to the questions
addressed?
Data collection
8. Was/were the source(s) of Data from the CAPRIE trial was
effectiveness  estimates used the primary source of evidence
stated? used to assess the effectiveness of
the competing interventions. Other
\ sources used to elicit estimates of

clinical effectiveness included: the
Nottingham Heart Attack Registry
and the South London Stroke
Registry.
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9. Were details of the design and
results of the effectiveness study
given (if based on a single study)?

10. Were details of the methods of
synthesis or meta-analysis of
estimates given (if based on an
overview of a number of
effectiveness studies)?

NA

11. Were the primary outcome
measure(s) for the economic
evaluation clearly stated?

12. Were the methods used to
value health states and other
benefits stated?

Utility estimates for stroke were
sourced from a meta-analysis of
QoL estimates for stroke (Teng
2003). The Harvard utilities
database was used to elicit utility
estimates for the other health
states.

13. Were the details of the subjects
from whom valuations were
obtained given?

14. Were productivity changes (if
included) reported separately?

NA

15. Was the relevance of
productivity changes to the study
question discussed?

NA

16. Were quantities of resources
reported separately from their unit
cost?

17. Were the methods for the
estimation of quantities and unit
costs described?

18. Were currency and price data
recorded?

£ Sterling, 2002

19. Were details of price
adjustments for inflation or currency
conversion given?

20. Were details of any model used
given?

21. Was there a justification for the
choice of model used and the key
parameters on which it was based?

Analysis and interpretation of results

22. Was the time horizon of cost
and benefits stated?

Life time horizon (40 years)

23. Was the discount rate stated?

Costs were discounted at the rate
of 6% and QALYs were discounted
at the rate of 1.5% per year.
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24. Was the choice of rate justified?

25. Was an explanation given if

cost or benefits were not NA

discounted?

26. Were the details of statistical

test(s) and confidence intervals \

given for stochastic data?

27. Was the approach to sensitivity N Univariate, multivariate sensitivity

analysis described? and PSA were conducted.

28. Was the choice of variables for -

sensitivity analysis justified? '

29. Were the ranges over which the Key parameters were varied using

parameters were varied stated? \ the upper and lower 95% CI or by
using specific alternative values.

30. Were relevant alternatives

compared? (That is, were

appropriate comparisons made \

when conducting the incremental

analysis?)

31. Was an incremental analysis A two year treatment duration of

reported? clopidogrel plus aspirin versus
aspirin alone produced an ICER of

N £21,489/QALY. Drug costs of 2

years treatment with clopidogrel
plus aspirin versus aspirin alone
were reported as £894.53 and
£6.739, respectively.

32.  Were major  outcomes

presented in a disaggregated as \

well as aggregated form?

33. Was the answer to the study N

question given?

34. Did conclusions follow from the N

data reported?

35. Were conclusions accompanied The authors comment that the RR

by the appropriate caveats? for vascular death greatly affects
the ICER and in the extreme worse

\ case, results in ASA dominating

clopidogrel. However, the extreme
worse case was considered highly
unlikely to occur in clinical practice.

36. Were generalisability issues N The authors comment that the

addressed?

CAPRIE trial was not specifically
designed with health economic
evaluation in mind and as such
issues relating to patient
disposition and previous disease
history could detract from the
generalisability of the trial results.
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Adapted from Drummond MF, Jefferson TO (1996) Guidelines for authors and peer reviewers
of economic submissions to the BMJ. The BMJ Economic Evaluation Working Party. British
Medical Journal 313 (7052): 275—-83. Cited in Centre for Reviews and Dissemination (2008)
Systematic reviews. CRD’s guidance for undertaking reviews in health care. York: Centre for

Reviews and Dissemination

Study name: The cost-effectiveness of the use of clopidogrel in acute coronary
syndromes in five countries based upon the CURE study. Lamy et al (2004)

Study question

Grade

(yes/no/not
clear/N/A)

Comments

Study design

1. Was the
stated?

research question

2. Was the economic importance of
the research question stated?

3. Was/were the viewpoint(s) of the
analysis clearly stated and
justified?

4. Was a rationale reported for the
choice of the alternative
programmes or interventions
compared?

5. Were the alternatives being
compared clearly described?

6. Was the form of economic
evaluation stated?

A trial based cost-effectiveness
analysis was undertaken using
outcomes data from the CURE
trial.

7. Was the choice of form of
economic evaluation justified in
relation to the questions
addressed?

The authors do not disclose why a
trial  based cost-effectiveness
analysis was conducted in
preference to a cost utility analysis.

Data collection

8. Was/were
effectiveness
stated?

the source(s) of
estimates used

9. Were details of the design and
results of the effectiveness study
given (if based on a single study)?

10. Were details of the methods of
synthesis or meta-analysis of
estimates given (if based on an
overview of a number of
effectiveness studies)?

NA
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11. Were the primary outcome
measure(s) for the economic
evaluation clearly stated?

The primary outcome measure
was the incremental cost per event
(a composite of CV death, Ml and
stroke) avoided.

12. Were the methods used to
value health states and other
benefits stated?

NA

13. Were the details of the subjects
from whom valuations were
obtained given?

NA

14. Were productivity changes (if
included) reported separately?

NA

15. Was the relevance of
productivity changes to the study
question discussed?

NA

16. Were quantities of resources
reported separately from their unit
cost?

17. Were the methods for the
estimation of quantities and unit
costs described?

18. Were currency and price data
recorded?

For the UK CEA the currency used
was £ sterling for the year 2001.

19. Were details of price
adjustments for inflation or currency
conversion given?

20. Were details of any model used
given?

NA

21. Was there a justification for the
choice of model used and the key
parameters on which it was based?

NA

Analysis and interpretation of results

22. Was the time horizon of cost
and benefits stated?

The time horizon reflected the
maximum follow up of the CURE
trial (1 year).

23. Was the discount rate stated?

NA

24. Was the choice of rate justified?

NA

25. Was an explanation given if
cost or benefits were not
discounted?

No discounting was performed
since the time horizon adopted for
the CEA was < 1 year.
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26. Were the details of statistical
test(s) and confidence intervals
given for stochastic data?

The authors report that boot
strapping was used to calculate
standard errors and 95% Cls for
the difference in average costs.
Confidence intervals for average

N
costs and the ICERs were
calculated using the bias corrected
and accelerated method. These
analyses were conducted using
SAS 8.0.

27. Was the approach to sensitivity

. X NA

analysis described?

28. Was the choice of variables for NA

sensitivity analysis justified?

29. Were the ranges over which the NA

parameters were varied stated?

30. Were relevant alternatives

compared? (That is, were

appropriate comparisons made \

when conducting the incremental

analysis?)

31. Was an incremental analysis N

reported?

32. Were major outcomes Hospitalisation costs and drug

presented in a disaggregated as \ costs were reported separately.

well as aggregated form?

33. Was the answer to the study N

question given?

34. Did conclusions follow from the N

data reported?

35. Were conclusions accompanied The authors commented that non-

by the appropriate caveats? medical costs such as loss of
productivity (i.e. absence from
work) and the personal costs
associated with family and friends
caring for patients that experience

N an Ml or stroke was not included in

the cost-effectiveness analyses.
Since clopidogrel reduced the risk
of major CV events versus aspirin
they reasoned that their analysis
could be viewed as
underestimating the true cost-
effectiveness of clopidogrel.
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36. Were generalisability
addressed?

issues

The authors approach was to base
clinical outcomes and resource use
on the whole of the CURE trial
population. This was justified by
commenting that the clinical benefit
would unlikely to vary by country or
region, and a retrospective
subgroup analysis by individual
country would be underpowered
and therefore statistically
unreliable.

Adapted from Drummond MF, Jefferson TO (1996) Guidelines for authors and peer reviewers
of economic submissions to the BMJ. The BMJ Economic Evaluation Working Party. British
Medical Journal 313 (7052): 275-83. Cited in Centre for Reviews and Dissemination (2008)
Systematic reviews. CRD’s guidance for undertaking reviews in health care. York: Centre for

Reviews and Dissemination
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Study name: Clopidogrel used in combination with aspirin compared to aspirin alone in
the treatment of non-ST-segment elevation acute coronary syndromes: a systematic
review and economic evaluation. Main et al (2004)

Study question Grade Comments
(yes/no/not
clear/N/A)

Study design

1. Was the research question N

stated?

2. Was the economic importance of Data from a UK economic burden

the research question stated? of CHD study, NHS hospital
admission data for angina/AMI and

N NHS costs for  prescribing

antiplatelet drugs were used by the
authors to illustrate the economic
importance  of the research
guestion.

3. Was/were the viewpoint(s) of the

analysis clearly stated and \

justified?

4. Was a rationale reported for the

choice of the alternative N

programmes or interventions

compared?

5. Were the alternatives being N

compared clearly described?

6. Was the form of economic N

evaluation stated?

7. Was the choice of form of

economic evaluation justified in N

relation to the questions

addressed?

Data collection

8. Was/were the source(s) of Clinical effectiveness estimates for

effectiveness  estimates used the short term model was primarily

stated? sourced from the CURE trial,
PRAIS-UK, NHAR and a Leeds

\ PCl audit. Data from the NHAR

was also used to derive transition
probabilities for the long-term
model using survival analysis
techniques.

9. Were details of the design and

results of the effectiveness study \

given (if based on a single study)?
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10. Were details of the methods of
synthesis or meta-analysis of

estimates given (if based on an NA

overview of a number of

effectiveness studies)?

11. Were the primary outcome

measure(s) for the economic \

evaluation clearly stated?

12. Were the methods used to Little information is given within the

value health states and other X HTA report as to how health states

benefits stated? were value.

13. Were the details of the subjects

from whom valuations were X

obtained given?

14. Were productivity changes (if NA

included) reported separately?

15. Was the relevance of

productivity changes to the study NA

question discussed?

16. Were quantities of resources N In the short-term model, drug

reported separately from their unit acquisition costs were based on

cost? undiscounted prices from the BNF.
Other areas of resource use in the
included: non-fatal MI, adverse
events (stroke and major bleeds)
and resource associated with
death.
Average annual health state costs
in the long-term model were
calculated by aggregating the
resources consumed by each
patient in the 1998 NHAR cohort
according to whether they would
have fallen into one of the three
non-dead states in the model (IHD
no event, non-fatal Ml or post-Ml).

17. Were the methods for the Resource use and costs were

estimation of quantities and unit \ detailed in Appendix 8.

costs described?

18. Were currency and price data

\/

recorded?

19. Were details of price A 2001-02 price base was used.

adjustments for inflation or currency \

conversion given?

20. Were details of any model used N

given?
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21. Was there a justification for the
choice of model used and the key
parameters on which it was based?

Analysis and interpretation of results

22. Was the time horizon of cost
and benefits stated?

Life time horizon was adopted
(equivalent to 40 years)

23. Was the discount rate stated?

A discount rate of 6% was used for
costs and 1.5% for health benefits.

24. Was the choice of rate justified?

25. Was an explanation given if
cost or benefits were not
discounted?

NA

26. Were the details of statistical
test(s) and confidence intervals
given for stochastic data?

27. Was the approach to sensitivity
analysis described?

One-way sensitivity analysis and
PSA were conducted.

28. Was the choice of variables for
sensitivity analysis justified?

29. Were the ranges over which the
parameters were varied stated?

30. Were relevant alternatives
compared? (That is, were
appropriate comparisons made
when conducting the incremental

analysis?)

31. Was an incremental analysis
reported?

32. Were major  outcomes
presented in a disaggregated as
well as aggregated form?

33. Was the answer to the study
question given?

34. Did conclusions follow from the
data reported?

35. Were conclusions accompanied
by the appropriate caveats?
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36. Were generalisability issues

addressed?

Patients in the CURE were
recruited from centres in 28
countries, of which patients from
the UK accounted for
approximately 6%  of study
population. The authors
commented that in some respects,
treatment patterns and resource
use in the UK could be expected to
differ from those in other centres
participating in the CURE trial (e.qg.
the rate of PCI in UK patients with
ACS, and IHD in general, is lower
than in other developed countries.
An implication of these differences
is 