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SUMMARY

Objectives
To examine the clinical and cost-effectiveness of available drugs for early thrombolysis in the
treatment of acute myocardial infarction (AMI) in hospital and pre-hospital settings.

Background

Coronary heart disease (CHD) is a major cause of morbidity and mortality in the UK
accounting for around 125,000 deaths a year. AMI affects an estimated 274,000 people each
year. Of these, approximately 50% (137,000) die within 30 days of AMI and over half these
deaths occur prior to reaching hospital or other medical assistance.

The development and introduction of new pharmacological agents has made it necessary to
review the clinical and cost effectiveness of older and newer agents used for early
thrombolysis. Those reviewed in this document include: streptokinase, alteplase, reteplase
and tenecteplase.

Methods

The search incorporated a number of strategies for clinical effectiveness and economic
evaluation. The search strategy covered the period from 1980 to 2001 and included the
following electronic databases MEDLINE, EMBASE, Science Citation Index/Web of
Science, Cochrane Trials Register, Health Technology Assessment (HTA), Database of
Abstracts of Reviews of Effectiveness (DARE) and NHS Economic Evaluation Database
(NHSEED). Search terms included were myocardial infarction/heart infarction combined
with specific drug terms including alteplase, reteplase, streptokinase, tenecteplase,
anistreplase and urokinase. Reference lists of included studies and pharmaceutical company
submissions were searched to identify other relevant studies. In addition, a number of
medical journals were hand searched to identify any newly published papers that might not
yet have been indexed in electronic databases.

Study selection

Randomised controlled trials that include comparison of included drugs (alteplase, reteplase,
streptokinase and tenecteplase) in the early stages of AMI delivered in the pre-hospital or
hospital setting were included in the review. Studies that examine the use of anistreplase or
urokinase were identified but not included in the analysis. Data on the following outcome
measures were included in the review: mortality, bleeding, stroke, reinfarction, allergy and
anaphylaxis.

Economic evaluation included studies reporting efficacy data primarily based on drug versus
drug randomised controlled clinical evidence, explicit synthesis of costs and outcomes in a
cost effectiveness ratio, full economic evaluation.

Quality assessment
The methodological quality of studies for clinical effectiveness was assessed using the
criteria based on the NHS Centre for Reviews and Dissemination (CRD) Report 4.

The quality of cost-effectiveness was assessed using a checklist updated from that developed
by Drummond and colleagues, 1997.
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Results

Clinical effectiveness

Hospital

A total of 162 references were identified to which the inclusion criteria were applied. Of
these, 20 studies reported in 50 articles fulfilled the inclusion criteria. These included 14
comparative studies involving a total study population of 142,907 patients. Data from two
studies were combined in the study reports and this combination of data is maintained in the
review.

Definitive conclusions on efficacy (30-35 day mortality) are that streptokinase is as effective
as non-accelerated alteplase, that tenecteplase is as effective as accelerated alteplase, and that
reteplase is at least as effective as streptokinase.

Some conclusions require interpretation of data, i.e. whether streptokinase is as effective as,
or inferior to accelerated alteplase; and whether reteplase is as effective as accelerated
alteplase or not.

Depending on these, two further conclusions on indirect comparisons arise, whether
tenecteplase is superior to streptokinase or not, and whether reteplase is as effective as
tenecteplase or not.

That these questions remain to be resolved illustrate that any differences in mortality between
drugs is small.

There seem to be significant differences between drugs in incidence of stroke with
streptokinase having the lowest rate.

Streptokinase causes more allergic reactions than other drugs.

Pre-hospital

The search failed to identify any studies conducted in the pre-hospital setting that compared
the effectiveness of different drugs. There is no reason to believe that the effectiveness of a
drug will be altered by administration in the pre-hospital setting.

Nine randomised controlled studies that examine the efficacy and safety of pre-hospital
thrombolysis were identified and are discussed. The required use of heparin with either of the
bolus products does not seem to provide any practical barrier to their widespread use.

Cost-effectiveness and modelling

A detailed review of the economic literature was undertaken. Of the 107 articles assessed,
only eight met the quality criteria that led them to be evaluated in detail. The general quality
of economic analyses undertaken in this area was disappointing and largely focussed on
evaluating cost-effectiveness in healthcare environments outside the NHS.

A critique and re-analysis were also undertaken of the two detailed economic models

contained in the industry submissions. Both models were rerun using the assumptions

Thrombolysis_AMI_HTA_upload.doc Version: ONE 4 July, 2002

6



Early thrombolysisfor AMI

contained in the competitor model. In addition, they were re-analysed using a preferred set of
coefficients that reflected, as far as possible, the weight of the available evidence.

Variations in QALY's gained between the individual drugs were small. Supposed advantages
presented in the industry submissions largely relate to comparatively minor variations in
efficacy or minor improvements in aspects of the side-effect profile associated with each
individual drug. Streptokinase was clearly the most cost effective drug and other drugs were
compared to it. Costs per QALY for newer drugs compared to streptokinase ranged up to
£17,000. Given the similarity in outcome, cost-effectiveness becomes largely determined by
the acquisition costs of the drug. This conclusion was robust to a variety of variations in
assumptions. In contrast to this robust conclusion, differences between alteplase, tenecteplase
and reteplase were small and their relative ranking in cost effectiveness changed according to
the assumptions used.

I mplementation
There are substantial opportunities for refining hospital thrombolysis procedures to meet NSF
targets. Changing drugs is a very minor element in achieving improved door to needle time.

Pre-hospital thrombolysis will be necessary in some areas to allow NSF targets to be met.
The choice of drug for pre-hospital thrombolysis is determined by acquisition cost and by
convenience. Our experts did not wish to consider the use of infusion products (e.g. alteplase
or streptokinase) but preferred bolus administration (reteplase and tenecteplase).

The cost impact of switching to the more expensive bolus drugs could be as much as £50
million per year, over and above existing costs of approximately £30-40 million for the NHS
in England and Wales.

Conclusion —clinical effectiveness
The decision regarding which agent to use is therefore a balance of risks and benefits related
to mortality and stroke. No clear conclusion, based on statistical comparison, can be drawn.

Conclusion —economic evaluation

Given the similarity in outcome, cost-effectiveness becomes largely determined by the
acquisition costs of the drug. This conclusion was robust to a variety of variations in
assumptions. Streptokinase was therefore the most cost effective drug.
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ABBREVIATIONS

A&E Accident and Emergency

ACC American College of Cardiology

ACCP American College of Chest Physicians

AHA American Heart Association

AMI Acute myocardial infarction

APPT Activated partial thromboplastin time

APSAC Anisoylated plasminogen-streptokinase activator complex

ASA Aspirin, acetylsalicylic acid

ASSENT Assessment of the Safety of a New Thrombolytic

BHF British Heart Foundation

CAD Coronary artery disease

CCU Coronary Care Unit

C-E Cost-effective(ness)

CEA Cost-effectiveness analysis

CEEU Clinical Effectiveness and Evaluation Unit ( Royal College of
Physicians — British Cardiac Society)

CHD Coronary heart disease

CRD The NHS Centre for Reviews and Dissemination

CHF Congestive heart failure

COBALT Continuous Infusion versus Double-Bolus Administration of
Alteplase

ECG Electrocardiogram

ECSG European Cooperative Study Group

EF Ejection fraction

EMIP European Myocardial Infarction Project

EMS Emergency Medical Services

FDA Food and Drug Administration, U.S. Department of Health
and Human Services

FTT Fibrinolytic Therapy Trialists’

GISSI Gruppo Italiano per lo Studio della Sopravvivenza nell’Infarto
Miocardico
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GP
GREAT
GUSTO

IC
ICER
ICH
INJECT
ISG
ISIS
ITT
JRCALC
KAMIT
LVF
MIMS
MIN
MINAP
MITI
NAOMI
NSF
NTG
PAIMS
PE
PTCA
RAAMI

RAPID 1

RAPID 2

RCT
r-PA
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Percutaneous transluminal coronary angioplasty

Randomized Angiographic trial of recombinant tissue-type
plasminogen Activator (alteplase) in Myocardial Infarction

Reteplase Angiographic Phase II International Dose-Finding
trial

Reteplase versus Alteplase Patency Investigation during
Myocardial Infarction trial

Randomised controlled trial

Reteplase
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QALY Quality adjusted life year

SA Sensitivity analysis

SC Subcutaneous

SK Streptokinase

TIMI Thrombolysis in Myocardial Infarction
TNK Tenecteplase

t-PA/rt-PA Alteplase, tissue plasminogen activator
VF Ventricular fibrillation

v Intravenous

U Unit

UKHAS UK Heart Attack Study
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DEFINITIONSOF TERMS

Arrythmias

Door to needle time

Ejection fraction

Haemorrhage
Ischaemia
Infarct

Killip class
Recanalization

Reinfarction

Reperfusion
Thrombosis
Thrombus

Time to treatment

TIMI flow rate

Thrombolysis_AMI_HTA_upload.doc

Irregular heart rhythms
Time from arrival of patient in hospital to delivery of
thrombolysis

The percentage of blood pumped out of the ventricle with each
contraction

The escape of blood from the vessels, bleeding

Lack of oxygen (usually from blockage of blood vessel)
Death of tissue due to ischaemia

Classification of severity of heart failure

Joining of capillaries within a thrombus establishing a way for
blood to traverse the thrombus

Any new myocardial infarction occurring after the index infarct,
irrespective of the mechanism and location of infarction

The restoration of blood flow in a blocked artery
Process of clotting
Blood clot

Time from onset of symptoms of AMI until delivery of
thrombolysis

A measure of coronary blood flow
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1. AIM OF THE REVIEW

To examine the comparative clinical and cost effectiveness of available drugs for early
thrombolysis in the treatment of acute myocardial infarction (AMI) in hospital and pre-
hospital settings.
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2. BACKGROUND

2.1 Description of underlying health problem

Coronary heart disease (CHD) is a major cause of morbidity and mortality in the UK
accounting for more than 125,000 deaths per year.(1) Although rates of coronary heart
disease have been decreasing over the past three decades, this has not been consistent across
age groups, gender or socio-economic class. A more rapid reduction has been seen in
younger age groups (45-54 years), in men and in higher socio-economic groups. In addition,
the rate of decline in the UK has been slower then that in other developed counties (e.g.
Denmark, Norway, Australia).(1)

Coronary heart disease is usually due to atherosclerotic narrowing of the coronary arteries
supplying the muscle of the heart (the myocardium). It may be silent or manifest itself as
angina pectoris (typically chest pain on exertion, when the myocardial oxygen demands rise
above the ability of the narrowed arteries to deliver). Its first presentation can be an acute
myocardial infarction (AMI). AMI is the result of a thrombus or clot forming on top of a
ruptured atherosclerotic plaque, blocking the blood flow through the artery. Unless the blood
flow can be quickly restored, the muscle supplied by that artery “infarcts”, or dies because of
lack of oxygen (ischaemia). This muscle damage weakens the heart, and may cause heart
failure either early (within a matter or hours) or later (over a period of months or years). It
may also lead to other events such as fatal heart rhythm disturbances and death.

Typical symptoms of AMI include chest pain (often described as crushing), pallor and
shortness of breath. Pain is often severe enough for the sufferer to seek help. Older patients
or diabetics may experience atypical symptoms and relatively little or less severe pain. (2)

In the UK, AMI affects an estimated 274,000 people each year (237,000 in England and
Wales). Of these, approximately 50% (137,000) die within 30 days of AMI and over half of
these deaths occur prior to the patient reaching hospital or other medical assistance. Onset of
symptoms of AMI is usually sudden and the highest risk of death is within the first hour of
experiencing an AMI. International data show a 28-day case fatality rate for all AMI of about
50% and about a third of patients experiencing AMI die within the first hour of the onset of
their symptoms.(3, 4)

The Oxford Myocardial Infarction Incidence Study (OXMIS) provides an analysis of fatality
rates (at one month) for all cases, hospitalised cases and sudden death (i.e. “ coronary deaths
before patient was seen by a doctor”).(5) For males, “all cases” fatality rates were 41 per
100,000, “hospitalised cases” 15, and “sudden death” 27. For females, the corresponding
figures were 44, 22 and 26. The OXMIS survey also indicated an incidence/mortality ratio of
2.43:1 in males and 2.14 in females when mortality is defined by non-survival to 28 days.
The BHF summary indicates that of those dying within 28 days, three-quarters die within 24
hours. The British Regional Heart Study data checked on 198 persons who had heart attacks
between 1978 and 1985 but survived 28 days. Of these, 77% survived five years and 63%
ten years (controls surviving 96% and 91% over the same period).(6) Approximately one-
third of all AMIs remain clinically unrecognised at the time of the acute event (7).

Diagnosis
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According to the World Health Organisation, the diagnosis of AMI requires that at least two
of the following three criteria be met: 1) a clinical history of ischaemic-type chest discomfort,
2) changes on repeated electro-cardiographic (ECG) tracings usually over two to three days,
and 3) a rise and fall in serum cardiac markers (typically over 1-2 days but new sensitive
markers may allow a diagnosis within 6-12 hours). However, these criteria may not be
suitable for the diagnosis of AMI, within the first 6 hours when interventions to restore blood
flow, such as drugs to dissolve the thrombus, may be of most value. Changes in ECG
readings are useful in the diagnosis of AMI and ST segment elevation is very specific in
identifying patients requiring reperfusion therapy. These changes may occur in the “anterior’
ECG leads (generally indicating an occlusion in the left coronary artery, the main supply to
the myocardium and hence affecting more myocardium, with a worse prognosis) or inferior
(generally implying a smaller infarct with a better outlook, possibly due to obstruction in the
right coronary artery or some smaller branches of the left artery) ECG leads. However, as
many as 50% of patients with AMI may not exhibit ST elevation in the early stages (2) and
assessment of change in ST abnormalities has been proposed as a more sensitive diagnostic
marker. Changes in traditional serum cardiac markers also often occur too slowly to be of
immediate value. Newer, more rapidly available tests are being evaluated.

b

Current practice for early identification of patients experiencing an AMI, and who might
benefit from reperfusion therapy, therefore includes a combination of clinical symptoms and
ECG changes. Serial ECG changes are monitored if initial readings appear normal but
clinical symptoms persist or become worse. Serial readings may also be needed if initial
readings are abnormal but not diagnostic of AMI.

Treatment

Medical care for patients experiencing AMI has changed over the past 40 years. Care in the
1960s and 70s focused on the treatment of life threatening arrhythmias. This included the
development of specialist coronary care units to monitor these patients. The 1980s saw the
conduct of large clinical trials to assess the effectiveness of drugs that broke down the clot
causing the infarct (thrombolysis).

If the clot blocking the artery can be dissolved, then the ischaemic tissue can be reperfused
and death of muscle (infarct) avoided. The earlier this can be done, the more muscle can be
salavage. Reperfusion can be achieved by mechanical means (physically disrupting the clot)
or by chemical means, by using drugs which hasten the dissolution of the clot. If reperfusion
is delayed, then the muscle will infarct and die before it can be reperfused. The time without
reperfusion to cause infarction can be as little as 1 hour, but there is still benefit from
reperfusion therapy for up to at least 12 hours, decreasing as time goes by.

The first reports of the use of thrombolysis in AMI (e.g. with streptokinase) appeared in the
late 1950s. However, the first meta-analysis of studies comparing the use of thrombolysis to
placebo and indicating its positive impact on mortality was not published until 1985.(8) This
analysis indicated the highly significant 22% (+/- 5%) reduction in odds of death. In addition
it revealed somewhat larger decreases in re-infarction rates and only small numbers of
adverse events.

Clinical practice in the use of these drugs did not change until the results of some key large
studies were published in the late 1980s (9, 10). These trials showed a reduction in 30-day
mortality of around 20%, which was a decrease in actual rates from 10% to 8%. This is lower

Thrombolysis_AMI_HTA_upload.doc Version: ONE 4 July, 2002

14



Early thrombolysisfor AMI

than the 25% case fatality rate typically reported around this time, and reflected perhaps the
effects of selection criteria for the clinical trials. Nevertheless, this was a considerable
improvement in outcome and thrombolytic therapy for patients seen within 12 hours of onset
of AMI became the expected standard of care.

Some adjunctive therapies are also beneficial, in particular the antiplatelet agent aspirin. The
ISIS-2(10) study showed a reduction in mortality of around 3% in patients treated with
streptokinase alone, but of 6% in those treated with both streptokinase and aspirin. Other
studies and meta-analyses have confirmed the benefits of aspirin(11, 12), which has become
standard recommended therapy. Studies of other antiplatelet agents are ongoing and suggest a
cumulative benefit with that of aspirin in certain settings.

Treatment regimes for patients experiencing AMI have been presented out in evidence based
clinical guidelines established through a combination of professional and voluntary bodies.(2,
3, 13, 14). Not all patients are suitable for treatment with thrombolytic treatment. In the first
instance delay on the part of the patient following the onset of symptoms may mean that they
are not eligible for treatment. Even for patients seeking help early may not be suitable for
treatment. The increased risk of bleeding means that all patients need to be screened.
Appendix I and II) include current criteria used in this screening process. However, even
those appropriately screened who receive treatement may bleed. One of the most severe
bleeds can be within the brain perhaps causing a catastrophic intracranial haemorrhage.
Thrombolysis is therefore a balance of the benefits and risks, each of which must be carefully
weighed.

2.2 Description of new intervention

The list of thrombolytic agents licensed for use in the UK, their method of administration and
listed costs are presented in Table 1. Two other drugs, not available in the UK, are also
described. Some key clinical features of these drugs are described here (13) but differences in
their in vitro clot specificity are omitted. These drugs activate plasminogen, a naturally
occurring protein in the blood, to plasmin, which breaks down fibrin. Fibrin is a key
structural protein in thrombus and hence the drugs “dissolve” the clot. All of these drugs are
delivered intravenously (IV).

Sreptokinase

This was the first widely used fibrinolytic agent. It has a short half-life and is delivered in a
continuous infusion over one hour. It is derived from Group A streptococci. Patients may
have antibodies to these common microorganisms or may develop antibodies following
administration of this agent. If a patient has antibodies, they are at increased risk of an
allergic reaction (including the most severe form, anaphylaxis) to streptokinase. Alternatively
the presence of antibodies may diminish the thrombolytic effect of streptokinase. These
effects mean that streptokinase is used only once in any given patient, and repeated
administration is discouraged. In some areas, up to 50% of patients presenting with AMI
have already received streptokinase once and are therefore not suitable for this drug.

Alteplase

Alteplase is essentially the same as the naturally occurring activator of plasminogen in the
human body, produced by recombinant DNA technology. As a human product, it does not
cause antibody formation and is therefore less far less likely than streptokinase to cause
allergic reactions. It can also be administered on more than one occasion. Initially it was
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delivered in an infusion over 3 hours. Further investigation suggested that it might be more
effective when delivered in what has come to be known as an accelerated manner, which
includes a bolus dose, followed by infusion over 90 minutes.(15, 16) This is the currently
recommended treatment protocol.

Reteplase
This is a more recent drug, a recombinant plasminogen activator similar to alteplase, but with
a prolonged half-life. It is delivered through two IV bolus injections 30 minutes apart.

Tenecteplase

This drug is newly available in the UK. It is also a recombinant plasminogen activator similar
to alteplase but with a prolonged half-life, increased fibrin specificity and increased
resistance to inhibition by plasminogen activator inhibitors. Administration is through a
single IV bolus injection. Tenecteplase is currently a black triangle drug.

Anistreplase

This drug was a derivative of streptokinase which could be administered as a single bolus
injection instead of an infusion. This made it acceptable in particular for pre-hospital
thrombolysis. The drug is no longer available in the UK since sales were inadequate to justify
its continued manufacture.

Urokinase

Similar to alteplase but had been subjected to less evaluation. Its manufacture was also
abandoned for commercial reasons.

All of these drugs are administered with aspirin and with heparin, as shown in the Table 1.
Although it is not within the remit of this review to assess the effectiveness of heparin
therapy, it will be discussed briefly later.
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Table 1: Characteristics of drugs included in the review

Generic Proprietary | Supplier | Dosage Administration | Heparin Approximate
*k
name: name Dose(17-20) | cost
Alteplase Actilyse® Boehringer | Standard: v 5000 U bolus | £600
(t-PA) Ingelheim 100 mg over 3 h (10 mg | bolus/infusion followed by
Tissue-type IV followed by 50 mg 1000 U/hour
plasminogen over 60 mins then 4
tivat infusions of 10 mg over
activator 30 mins
-PA Acceler ated:
15 mg bolus
50 mg over 30 min
35 mg over 60 min
Reteplase Rapilysin® Roche 10 units followed by IV bolus 5000 U bolus | £720
(r-PA) further 10 U in 30 min followed by
1000 IU/hour
Streptokinase | Sreptase® Aventis 1.5 million units over 1V infusion 5000 U bolus | £80-85
(SK) Behring 60 min followed by
1000 IU/hour
Kabikinase® | Pharmacia
(No longer & Uphohn 12500 U SC
produced) twice daily
Non- B. Braun
proprietary
(to be
withdrawn)
Tenecteplase Metalyse® Boehringer 30-50 mg over 10 IV bolus 5000 U bolus | £700-800
(TNK) Ingleheim seconds followed by
TNK-tPA 1000 IU/hour
Agents no longer available:
Anistreplase N/A N/A 30U IV bolus £495 (1995)
Anisoylated
plasminogen-
streptokinase
activator
complex
(APSAC)
Urokinase N/A N/A 2.0 million units IV bolus £460 (1995)

** Based on list prices stated in the British National Formulary (21)

These drugs may differ in their beneficial and in their adverse effects, and the benefits and
risks have to be considered in each patient. There are guidelines for the identification of the

appropriate population of patients to receive treatment.(2, 13, 14, 22) These guidelines have
been transferred into checklists to be used to screen patients prior to administration of
treatment. Examples of such lists for use in the hospital and pre-hospital setting are presented
in Appendices I and II.

2.3 Current serviceprovision

Current provision of service

The exact number of patents treated with thrombolysis in England and Wales is uncertain: the
number is probably between 80-100,000 per year, at a current cost of around £35 million (see
Chapter 7). Although thrombolysis is standard treatment for patients presenting with AMI in
the NHS, there is evidence that many patients are receiving sub-optimal therapy with
variation in the delivery of thrombolysis treatment in hospital settings in the UK. In relation
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to the use of thrombolysis, data from 39 UK hospitals (1992-95) revealed a range of 49-85%
of patients with a confirmed diagnosis of AMI received thrombolysis.(23) In relation to
timing of treatment, survey data from three British health districts in 1994-95 indicated that
2% of patients had received thrombolysis within 60 minutes of presentation while 25%
received treatment within two hours.(24, 25)

Thrombolysis is almost always delivered to patents after arriving in hospital, possibly losing
valuable time (and hence heart muscle). Meta-analysis of trials has shown that early
thrombolysis is more effective and that the treatment is of limited value once irreversible
myocardial damage has occurred.(26-28) Advances in the speed of action and ease of
administration of newer drugs combined with recognition of improved outcomes with earlier
administration have prompted further attempts to decrease the time from symptom onset to
treatment delivery.

The period of greatest risk for patients experiencing AMI is in the first few hours after onset
of symptoms and delays in this time period are a result of a number of factors.(29). The major
delay is in patients’ seeking help. However other delays occur after this and require
attention. Directions to address this in England are outlined in the National Service
Framework (NSF) and NHS Plan.(30, 31) Specifically, in the National Service Framework
for Coronary Heart Disease, standards five and six, stipulate that,
“ People with symptoms of a possible heart attack should receive help from an
individual equipped with and appropriately trained in the use of a defibrillator within
eight minutes of calling for help, to maximise the benefits of resuscitation should it be
necessary and...

People thought to be suffering from heart attack should be assessed professionally
and, if indicated, receive aspirin. Thrombolysis should be given within 60 minutes of
calling for professional help.”

There has been recognition that a goal of providing thrombolysis within this 60-minute time
window may be difficult when transport distances (or times) are long. To address this issue
the NSF states:
“...usually hospital will be the best place to give thrombolysis. However, where the
‘call-to-hospital’ time cannot be reduced below 30 minutes, it may be more
appropriate to plan to give thrombolysis before admission to hospital.”

The NHS Plan therefore has stipulated that:
“Therewill be a three year programme to train and equip ambulance paramedics to
provide thrombolysis an hour sooner than if they were taken to hospital first, saving
up to 3,000 lives a year once fully implemented”

The implementation of these standards of care requires the assessment of current service
provision by both hospitals and ambulance services. It requires an assessment of patient
populations, geography, transport times, pre-hospital service equipment and expertise and in-
hospital services for the delivery of thrombolysis.

MINAP and Hospital Care
The establishment of the NSF prompted the Royal College of Physicians to develop the
Myocardial Infarction National Audit Project (MINAP) in late 1998.(32) This is a joint
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project of the Clinical Effectiveness and Evaluation Unit (CEEU) of the Royal College of
Physicians and the British Cardiac Society. The working group overseeing this project has
been tasked with
“devel oping a mechanism that would allow clinicians to examine the management of
myocardial infarction within their hospitalsin order to meet the standards specified by the
National Service Framework for Coronary Heart Disease” .

The MINAP project aims to have all hospitals in England and Wales collecting data by
2002.(33) By the end of 2001, 70% of hospitals had begun transmitting data to the project.

The core data set of the MINAP project comprises all aspects of “the process and outcome of
the management of patients admitted to hospital with myocardial infarction”. However, those
related to early thrombolysis include: demography, delay to treatment, cardiac arrest and
resuscitation and thrombolytic and anti-thrombotic therapy. The data collection method was
pilot tested in nine sites in 2000.(34) Initial data quality assessment from ten hospitals is now
available.(33)

Variation in service

Initial work of CEEU also included a baseline survey of UK facilities that provide care to
patients with AMI.(35) Ninety-seven percent of hospitals had a written policy regarding the
use of thrombolysis. The location of delivery of treatment varied. Approximately 25% of
211 hospitals had a fast-track system to transfer patients from A&E to the CCU to receive
treatment. Over half provided treatment primarily in the A&E department transferring
patients to the CCU, while half of all hospitals had a mechanism whereby AMI patients could
be admitted directly to the CCU without assessment anywhere else in the hospital. In those
hospitals that provided thrombolysis in the A&E department, 16% used the services of
specially trained nurses.

Drug choice in thrombolysis

Accurate cumulative reports of the proportion of patients receiving various agents in the UK
and Wales do not exist. As mentioned previously, the work by the Royal College of
Physicians(35) identified that almost all hospitals have a written policy regarding the use of
thrombolysis. Overall, 82% stated that streptokinase was used for eligible patients
experiencing their first AMI. However, additional data indicated that approximately half of
the hospitals recommend the use of alteplase for younger patients. Almost 60% of hospitals
indicated that their choice of drug was limited by cost. Data in pharmaceutical company
submissions suggest that in the NHS, streptokinase was used in 55% of thrombolysis
episodes, alteplase in 33% and reteplase in 11%.

Pre-hospital carein AMI

At present, pre-hospital care is often limited to getting the patient quickly to hospital. The
Department of Health Emergency Services Report for 2000-2001(36) indicates that there is a
variation in the ability of the ambulance services to meet the NSF standards. Although
performance is improving, this report indicates that only three services responded to 75% of
Category A (immediately life threatening, including probable AMI) calls within eight
minutes.

Pre-hospital thrombolysis may increasingly be provided where NSF targets on speed of
thrombolysis cannot be met using only hospital administration. It is currently available in two
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(out of 30) ambulance trusts in England (East Midlands and Staffordshire).(37, 38) The 2001
report of NHS Wales includes mention of provision of aspirin to patients of AMI by members
of the ambulance service but makes no mention of the delivery of pre-hospital
thrombolysis.(39)

A recent survey conducted in 2001 by the Joint Royal Colleges Ambulance Liaison
Committee (JRCALC) indicates that a number of other ambulance trusts are considering
implementing pre-hospital thrombolysis. A larger group indicated that they would be moving
towards paramedics performing ECGs and transmission of this data to alert receiving
hospitals and reduce delay after arrival at hospital (Chamberlain D, JRCALC: personal
communication, 2002). This is consistent with other information provided to the review
group regarding implementation of independent projects in eight different ambulance trusts.
The aim of these projects will be to reduce time to thrombolysis through the transmission of
pre-admission ECG data (Quinn T, Cardiac Care Advisor: personal communication, 2002).
Draft reports and presentation of the findings of these projects are beginning to appear.(40)

24 Summary

The primary purpose of this review is to examine the effectiveness and cost effectiveness of
various drugs used in early thrombolysis for AMI. It therefore includes evaluation of the
clinical studies of drug effectiveness and the evaluation of existing economic evaluations. It
goes on to present the results of the analysis of the economic models submitted in the
company submissions.

The economic conclusions are based on an assumption that the clinical environment (hospital
and pre-hospital) is currently able to provide appropriate treatment. This of course is not the
case. Hospital care currently includes thrombolytic treatment but treatment times are not
optimal and variations in provision exist. Provision of pre-hospital care in the UK is limited.
Although outside the remit of this review the authors provide a discussion regarding the
factors influential in the implementation of appropriate treatment.
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3. METHODS

3.1 Methodsfor reviewing clinical effectiveness

3.1.1 Search strategy: clinical effectiveness

The search incorporated a number of strategies. Search terms for electronic databases
included were: myocardial infarction/heart infarction and thrombolysis combined with
specific drug terms (e.g. alteplase (t-PA), reteplase, streptokinase tenecteplase, anistreplase
and urokinase

Electronic searches included the following databases:

MEDLINE (1980-2001)

EMBASE (1980-2001)

Science Citation Index/Web of Science (1988-2001)

Cochrane Trials Register (2001, 4)

Health Technology Assessment (HTA) (1992-2001)

Database of Abstracts of Reviews of effectiveness (DARE) (1998-2001)

Specific search strategies and the number of references retrieved for each search is provided
in Appendices III, IV and V.

Searching was limited to English language reports

Reference lists of included studies and pharmaceutical company submissions were searched
to identify other relevant studies. In addition, hand searching of American Heart Journal,
Circulation, American Journal of Cardiology, British Medical Journal, Circulation, European
Heart Journal, Heart, Emergency Medicine Journal, International Journal of Cardiology,
Journal of the American College of Cardiology, Journal of the American Medical
Association, Lancet, New England Journal of Medicine and Stroke was carried out for the
period of January 2001 to January 2002 to identify any newly published papers that might not
yet have been indexed in electronic databases.

All the references were exported to Endnote reference database, ISI Research Soft, Cal.,
USA, version 5.

3.1.2 Inclusion and exclusion criteria: clinical effectiveness

The identified citations were assessed for inclusion through two stages and disagreements
were settled by discussion at each stage. Two reviewers independently scanned all the titles
and abstracts and identified the potentially relevant articles to be retrieved (YD, ABol). Full
text copies of the selected papers were obtained and assessed independently by two reviewers
for inclusion (YD, RD). Studies were considered eligible for inclusion if they met the
following criteria:
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Sudy design
Randomised controlled trials (RCTs) that include comparison of included drugs and any or
all of the listed outcomes.

Interventions

Comparison of currently available intravenous thrombolytic therapies administered in the
early stages of AMI in the hospital or pre-hospital setting. Drugs included in the review were:
tissue plasminogen activator (t-PA), reteplase, streptokinase and tenecteplase. Studies that
examine the use of anistreplase (not currently available) or urokinase (not currently licensed
for use in thrombolysis in the UK) were also identified and used to inform the background of
the review but not included in the analysis.

Participants

Patients with recent on-set AMI without contraindications to thrombolytic therapy. Diagnosis
of AMI to be made through clinical assessment or ECG.

Outcomes

Data on the following outcome measures were included:
Mortality

Patency of coronary arteries

Left ventricular function

Stroke

Reinfarction

Bleeding

Allergy

Anaphylaxis

3.1.3 Data extraction: clinical effectiveness

Hospital
Data extraction was carried out by three reviewers (YD, RD, RH). Data were independently

extracted by one reviewer and checked by a second into a pre-designed data extraction form.
Data from multiple reports of single trials were extracted onto a single data extraction form.

Pre-hospital
Data for information tables were extracted by one reviewer (RD) and checked by a second
(YD).

3.1.4 Quality assessment: clinical effectiveness

Hospital

Three reviewers (YD, RD, RH) independently evaluated the included primary studies for
methodological quality. This involved methodological assessment for clinical effectiveness
based on Centre for Reviews and Dissemination, York, Report 4 (41)(see Appendix VI). Any
discrepancies were resolved through consensus.
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Pre-hospital

Since no studies comparing drugs used in the pre-hospital setting were identified, there were
no studies to be assessed. Descriptive comment is provided regarding trials that evaluated
pre-hospital care.

3.2 Methodsfor reviewing cost-effectiveness

3.2.1 Search strategy: cost-effectiveness

The following databases were searched for English language papers.

MEDLINE

EMBASE

NHS Economic Evaluation Database (NHSEED)

Database of Abstracts of Reviews of Effectiveness (DARE)
Science Citation Index/Web of Science

Cochrane Trials Register

Health Technology Assessment (HTA)

Search strategies and results of the searches undertaken are presented in Appendix VI.

3.2.2 Inclusion and exclusion criteria: cost-effectiveness

Using explicit, predetermined criteria, two reviewers (ABol, AH) independently identified
studies for inclusion in the cost-effectiveness review process. Decisions were compared.
Where there was disagreement, both reviewers discussed the paper together and a final
decision was made. The inclusion and exclusion criteria used in the review are presented
below.

Inclusion criteria for economic evaluation papers

Active comparator (streptokinase, alteplase, reteplase or tenecteplase)

Efficacy data primarily based on published drug versus drug randomised controlled clinical
trial evidence

Explicit synthesis of costs and outcomes in a cost effectiveness ratio

Full economic evaluation

Primary paper

Exclusion criteria for economic evaluation papers

Non-drug comparator (e.g. placebo or conservative therapy) or aspirin, urokinase,
anistreplase

Source of clinical efficacy data from non-randomised clinical trial or not explicitly stated
No attempt to synthesise costs and benefits

Letters, editorials, reviews, commentaries or methodological papers

All the references were exported to Endnote reference database, ISI Research Soft, Cal.,
USA, version 5.
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3.2.3 Data extraction: cost-effectiveness

All cost-effectiveness data was abstracted by a single reviewer (ABol) and then checked by a
second reviewer (RM). Both reviewers are health economists with expertise in economic
evaluation. Given that several of the cost-effectiveness papers included in the review
incorporated the use of modelling techniques, it was appropriate to extract additional data
from these papers.

The data extracted from the published cost-effectiveness analyses are presented in four
sections.

Firstly, there is a section on study design where the following information is stated:

o Type of economic evaluation and measure of synthesis
J Intervention

o Study population

J Time period of analysis and extrapolation details

The second section summarises the key cost and cost data sources used in the studies:
J Cost items

o Cost data sources

J Country, currency and year

The third section summarises the range of outcomes and efficacy data sources used in the
studies:

o Range of outcomes

o Efficacy data sources

o Ultility values and data sources

J Modelling method and data sources

Finally, the fourth section explores the results of the cost-effectiveness studies:
o Cost-effectiveness ratio

o Subgroup analysis and results
o Sensitivity analysis and results
o Authors conclusions

3.24 Quality assessment: cost-effectiveness

The quality assessment of cost-effectiveness analyses was based on the Drummond 10-point
checklist.(42) All studies were scored (ABol, RM) according to the checklist detailed in
Appendix VIII.
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4. RESULTS: CLINICAL EFFECTIVENESS- HOSPITAL

4.1 Included studies

Selection of included studies

A total of 162 references were identified to which the inclusion criteria were applied. Of
these, 20 studies reported in 50 articles fulfilled the inclusion criteria (Section 11.1) A total of
21 papers were reports of studies examining the effectiveness of thrombolytic agents not
currently available in the UK. These were excluded on this basis and are listed (by drug) in
the References, Section 11.2.

No studies relating to the use of thrombolytic agents in a pre-hospital setting fulfilled the
inclusion criteria. These 28 references, which are described, are listed in the References,
Section 11.3.

Reports of studies relating to agents under consideration in this review (Table 1), utilised
within hospital, but which did not fulfil the inclusion criteria are detailed in References,
Section 11.4. Reason for exclusion is given for each of these excluded references.

Details of the hospital studies included in the review follow below.

Hospital based studies:

Twenty studies reported in 50 articles met the inclusion criteria (Table 2). These included 14
studies comparing two or more drugs,(17-20, 43-49, 51-53, 60) four dose ranging trials (54-
57) and two trials of various regimes of the same drug.(58, 59) Dose ranging trial is defined
as a clinical trial in which two or more doses of an agent are tested against each other to
determine which dose works best and is least harmful. Data from two included studies GISSI-
2 and ISG(46, 47) were combined in the study reports and this combination of data was
maintained in this review.

Table 2: Summary of included clinical studies:

Alteplase/ Alteplase/ Alteplase/ Streptokinase/ | Dose Ranging &
Streptokinase Tenecteplase Reteplase Reteplase mixed regimes
GUSTO I(18)*Acc P4 ASSENT-2(20) *<“PA | GUSTO III(19)*A« P4 INJECT(53) COBALT(58)(t-PA) #A« P4
Central Ilinois(43) RAPID-2(17) *AcctPa Xu (59)(SK)

Cherng(44) SIX(54)(SK)

ECSG(45) ASSENT-1(55)(TNK)
GISSI-2/ISG(46, 47) TIMI 10B(56)(TNK )*Aec P4
ISIS-3(48) RAPID-1(57) (r-PA)
KAMIT(49)

PAIMS(51)

TIMI-1(52)

White(60)

#ActPA Thyolved accelerated alteplase. SK, streptokinase; t-PA alteplase; r-PA, reteplase; TNK, tenecteplase.
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4.2 Quantity and quality of research available

Quality assessment of included trials

Methodological quality of studies is summarised in Table 3 using the criteria based on CRD
Report 4 (Appendix VII).

Of the 14 included studies nine reported a truly random method of sequence generation (i.e.
use of centralised or computerised random numbers), in all other trials the method was not
stated. Eight studies appeared to have adequately concealed allocation of treatment.

All studies reported the number of randomised participants and presented the participant
eligibility criteria. The co-interventions for each treatment group were identified in all
studies.

The baseline comparability for each treatment group was presented and achieved inl3 trials,
whereas in one study (ISIS-3) it was not presented.

Eleven studies reported the blinding of outcome assessors. None of the studies reported the
assessment of the blinding procedure. All studies appeared to include an intention to treat
analysis and reported the number and reason for withdrawals.
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Early thrombolysisfor AMI

Characteristics of trials

The 14 included trials involved a total study population of 142,907 patients. Characteristics
of these studies are presented in Table 4. In addition, six were dose ranging trials and trials of
various regimes of the same drug, involving in total 12,189 patients. These are listed within
the Reference section of the included studies.

The size of studies varied from the smallest with 122 patients to the largest involving 41,299
patients. Six trials had fewer than 300 patients in total whereas five trials had more than
10,000 patients in total.

Eight trials were carried out in more than one country. The remainder were conducted in a
single country (Taiwan, New Zealand, Italy and USA-three trials).

Ten studies compared alteplase with streptokinase. Seven studies used the standard doses of
streptokinase (1.5 MU) and alteplase (100 mg). One of these utilised accelerated
administration of alteplase. Two studies compared accelerated alteplase with reteplase. One
study compared streptokinase to reteplase, and one alteplase with tenecteplase.

Inclusion criteria were consistent across the trials and were based on age, ECG changes and
duration of AMI symptoms. Patients presenting up to six hours of onset of AMI symptoms
with duration of at least 30 minutes were included in seven trials. Eleven trials excluded
patients with current contraindications to thrombolysis comparable to those described by the
European Society of Cardiology (Appendix IX). Other criteria for exclusion included shock,
hypotension, history of previous MI, malignancy and childbearing age or pregnancy.

The primary endpoints used in the trials include 30-35 day mortality, efficacy, 90-minute
artery patency/flow rates and left ventricular function. A range of secondary outcomes have
been reported in trials such as bleeding, stroke, reinfarction, allergy and anaphylaxis.

All trials used various adjunct treatments. Of these, 11 studies reported the use of aspirin and
heparin, two studies used a combination of heparin and nitroglycerin and one further study
used a combination of heparin, aspirin and nitroglycerin.
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Early thrombolysisfor AMI

Participant characteristics

The baseline characteristics of the participants are presented in Table 5. Five studies reported
the proportion of participants aged over 70-75 years, ranging between 11.6% to 26.1%. The
TIMI-1 study reported the proportion of participants over 65 years of age (t-PA 22%, SK
28%). The proportion of females among the studies varied between 8.5% and 28.2%. In nine
studies the proportion of females was at least 19%. The proportion of patients with an
anterior infarct varied from 32% to 61.9%. Two studies reported time to treatment in
intervals (recording proportions of people treated with various time bands over 0-24 hours in
ISIS-3 and 0-6 hours in GISSI-2). The other studies reported median or mean time to
treatment, ranging from 2.1 (PAIMS) to 5.2 hours. Time to treatment varied somewhat
between the treatment arms. The proportion of participants with a history of previous MI was
between 6% to 18.4%. Follow-up was within hospital in six studies, and 30-35 days in the
others.
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Early thrombolysisfor AMI

Thrombolytic drug comparisons

Data on selected clinical outcomes from studies comparing thrombolytic agents are detailed
in Table 6. Outcomes include mortality up to 35 days, any stroke, hemorrhagic stroke,
reinfarction, bleeding, allergy and anaphylaxis.

All of the 14 included studies presented data on mortality up to 35 days, although there was
variation in the time scale underpinning the mortality values. Only three of the studies did not
report stroke data, although a total of six studies did not give figures for haemorrhagic stroke.
Again, the majority of studies (10/14) reported numbers of study participants determined to
have experienced reinfarction. Information on major bleeding was provided in most trials
(13/14), however, the categorisation and reporting of bleeding events varied. The review
team were unable to confidently match the description of bleeds in the GUSTO I report with
the bleeding categories used in this review. Therefore, bleed data are only presented for
twelve studies. Incidences of allergy and anaphylaxis were less frequently reported. Eight
studies reported on allergy. With the exception of the INJECT study, these were all trials
investigating alteplase/streptokinase. Five reports provided data on anaphylaxis. This
included three studies comparing alteplase/streptokinase and one for each of the
alteplase/tenecteplase and alteplase/reteplase studies.

Where available, data on the compared outcomes were used in the meta-analyses (presented
later in this chapter).
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Early thrombolysisfor AMI

4.3 Quality assessment of included studies

Quality assessment was carried out using a checklist designed by Centre for Reviews and
Dissemination.(41) The checklist includes key aspects of RCT design and quality.
However, this is a recently developed tool and when used to assess studies that pre-date
it, provides some challenges to reviewers in interpretation of the terminology (e.g. double
blind, concealment of allocation). A discussion of these issues has been published by
Schulz and Grimes.(61)

Overall methodological quality of included studies was excellent. Results of the
assessment were presented earlier in Table 3. The three large studies that compared
accelerated alteplase (GUSTO I, ASSENT-2, GUSTO III) and the single large study
comparing streptokinase and reteplase (INJECT) were international studies that scored
well on all criteria except assessment of their blinding techniques. Two of these large
studies (GUSTO I and GUSTO III) were open label studies, and therefore those
administering the drugs and presumably the patients were aware of the treatment being
administered. However, in each, treatment allocation was randomised, the outcome
assessors were blind to the treatment allocation, and the treatment outcome (death at 30
days) was objective. Follow-up of patients in all studies was excellent.

44 Meta-analysis

The primary endpoints and major secondary endpoints of the trials comparing at least two
drugs in particular related to hazards of drugs are presented here and a meta-analysis
undertaken. The trials compare: alteplase to streptokinase (Table 7 for all alteplase and
Table 8 for alteplase other than in accelerated infusions), accelerated alteplase to
tenecteplase (Table 9, based only on one study), accelerated alteplase to reteplase (Table
10), and reteplase to streptokinase (Table 11, one study).

The meta-analysis are presented in the tables using odds ratios (OR) with 95% CI and,
where appropriate, using a random effect model. Data extracted and included in the
analysis are mortality (30-35 day), stroke (total and hemorrhagic), major bleed and re-
infarction. Data related to congestive heart failure did not lend itself to meta-analysis and
was extracted for use in the economic model and is presented there.

There has been extensive debate over the evaluation of the effectiveness of alteplase
provided as an infusion and accelerated alteplase which is provided as a bolus followed
by an infusion.(11) We expand on this controversy in the discussion. We therefore
present the analysis in two tables, one including the GUSTO I trial and one not. There is
no statistical evidence of heterogeneity between trials in either. The data for GUSTO I is
the more commonly presented comparison of the two streptokinase only arms compared
to the accelerated alteplase arm.

These provide direct comparisons where they are available: however not all the possible
drug comparisons have been made in randomised controlled trials and it is necessary to

draw indirect comparisons. The justifications and conclusions of the direct and indirect
comparisons are made in the discussion.
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The main results are as follows:

All alteplase versus streptokinase: No difference in mortality or reinfarction
(Table 7). Total stroke and haemorrhagic stroke rates were lower in streptokinase
grouping.

Alteplase excluding accelerated alteplase versus streptokinase: No difference in
mortality (Table 8). In the streptokinase group there was a lower incidence of total
stroke and haemorrhagic stroke. Major bleed and reinfarction rates were lower in
the alteplase group.

Accelerated alteplase versus tenecteplase: No differences in mortality, total
stroke, haemorrhagic stroke or reinfarction. Fewer major bleeds with tenecteplase
(Table 9).

Accelerated alteplase versus reteplase: No difference in mortality, total stroke,
haemorrhagic stroke, major bleed or reinfarction (Table 10).

Reteplase versus streptokinase: No difference in mortality, total stroke, major
bleeds. There was a lower incidence of haemorrhagic strokes in the streptokinase
group (Table 11).
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Table 7: All alteplase versus streptokinase

Outcome Study Alteplase Streptokma: OR random effect (95% CI)
Mortality CENTRAL ILLINOIS 6/123 9/130 0.69 (0.24, 2.00)
up to 35 days CHERNG 2/59 5/63 0.41 (0.08, 2.18)
ECSG 3/64 3/65 1.02 (0.20, 5.23)
GISSI-2/ISG 929/10372 887/10396 1.05 (0.96, 1.16)
GUSTO I 652/10344 1472/20173 0.85 (0.78, 0.94)
ISIS-3 1418/13746 1455/13780 0.97 (0.90, 1.05)
PAIMS 4/86 7/85 0.54 (0.15, 1.93)
TIMI 1 7/143 12/147 0.58 (0.22, 1.52)
WHITE 5/135 10/135 0.48 (0.16, 1.45)
Total 3026/35072 3860/44974 0.94 (0.85, 1.04)
Test for Heterogeneity x>=13.96, df=8, P=0.083
Stroke (total) ECSG 0/64 1/165 0.33 (0.01, 8.34)
GISSI-2/ISG 138/10372 98/10396 1.42 (1.09, 1.84)
GUSTO I 159/10268 262/20023 1.19 (0.97, 1.45)
ISIS-3 188/13569 141/13607 1.34 (1.08, 1.67)
Total 485/34273 502/44091 1.29 (1.13, 1.46)
Test for Heterogeneity x*=1.99, df=3, P=0.58
Hemorrhagic GISSI-2/ISG 44/10372 30/10396 1.47 (0.92, 2.34)
stroke GUSTO I 74/10268 102/20023 1.42 (1.05, 1.91)
ISIS-3 76/13569 25/13607 3.06 (1.95,4.81)
Total 194/34209 157/44026 1.83 (1.14, 2.93)
Test for Heterogeneity x>=8.30, df=2, P=0.016
Reinfarction ECSG 2/64 4/65 0.49 (0.09, 2.79)
GISSI-2/ISG 274/10372 314/10396 0.87 (0.74, 1.03)
GUSTO 1 369/9235 665/17929 1.08 (0.95, 1.23)
ISIS-3 397/13569 472/13607 0.84 (0.73, 0.96)
PAIMS 0/86 2/85 0.19 (0.01, 4.08)
TIMI 1 19/143 17/147 1.17 (0.58, 2.36)
WHITE 7/135 7/135 1.00 (0.34, 2.93)
Total 1068/33604 1481/42364 0.93 (0.81, 1.07)
Test for Heterogeneity x>=9.91, df=6, P=0.13
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Table 8: Alteplase excluding accelerated alteplase versus streptokinase (GUSTO I

omitted)

Outcome Study Alteplase Streptokma: OR random effect (95% CI)
Mortality- CENTRAL ILLINOIS 6/123 9/130 0.69 (0.24, 2.00)
up to 35 days CHERNG 2/59 5/63 0.41 (0.08, 2.18)
ECSG 3/64 3/65 1.02 (0.20, 5.23)
GISSI-2/ISG 929/10372 887/10396 1.05 (0.96, 1.16)
ISIS-3 1418/13746 1455/13780 0.97 (0.90, 1.05)
PAIMS 4/86 7/85 0.54 (0.15, 1.93)
TIMI 1 7/143 12/147 0.58 (0.22, 1.52)
WHITE 5/135 10/135 0.48 (0.16, 1.45)
Total 2374/24728 2388/224801 1.00 (0.94, 1.06)
Test for Heterogeneity x°=6.87, df=7, P=0.44
Stroke (total) ECSG 0/64 1/165 0.33 (0.01, 8.34)
GISSI-2/ISG 138/10372 98/10396 1.42 (1.09, 1.84)
ISIS-3 188/13569 141/13607 3.06 (1.95, 4.81)
Total 326/24005 240/24068 1.37 (1.16, 1.62)
Test for Heterogeneity x°=0.84, df=2, P=0.66
Hemorrhagic GISSI-2/ISG 44/10372 30/10396 1.47 (0.92, 2.34)
stroke ISIS-3 76/13569 25/13607 3.06 (1.95, 4.81)
Total 120/23941 55/24003 2.13 (1.04, 4.36)
Test for Heterogeneity x>=4.91, df=1, P=0.027
Major bleed CENTRAL ILLINOIS 18/123 25/130 0.72 (0.37, 1.40)
CHERNG 3/59 3/63 1.07 (0.21, 5.53)
ECSG 4/64 5/65 0.80 (0.20, 3.13)
GISSI-2/ISG 64/10372 96/10396 0.67 (0.48, 0.92)
ISIS-3 109/13569 118/13607 0.93 (0.71, 1.20)
PAIMS 0/86 1/85 0.33(0.01, 8.11)
TIMI 1 22/143 23/147 0.98 (0.52, 1.85)
WHITE 0/135 3/135 0.14 (0.01, 2.73)
Total 220/24551 274/24628 0.81 (0.68, 0.97)
Test for Heterogeneity x°=4.69, df=7, P=0.7
Reinfarction ECSG 2/64 4/65 0.49 (0.09, 2.79)
GISSI-2/ISG 274/10372 314/10396 0.87 (0.74, 1.03)
ISIS-3 397/13569 472/13607 0.84 (0.73, 0.96)
PAIMS 0/86 2/85 0.19 (0.01, 4.08)
TIMI 1 19/143 17/147 1.17 (0.58, 2.36)
WHITE 7/135 7/135 1.00 (0.34, 2.93)
Total 699/24369 816/24435 0.86 (0.77, 0.95)
Test for Heterogeneity x°=2.29, df=5, P=0.81
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Table 9: Accelerated alteplase versus tenecteplase

Outcome Study Acc Alteplase Tenecteplase OR random effect (95% CI)
Mortality- ASSENT-2 522/8488 523/8461 0.99 (0.88, 1.13)
up to 35 days

Stroke ASSENT-2 141/8488 151/8461 0.93 (0.74, 1.17)

Hemorrhagic

ASSENT-2 80/8488 79/8461 1.01 (0.74, 1.38)
stroke
M aj or bleed ASSENT-2 504/8488 394/8461 1.29(1.13,1.48)
Reinfarction ASSENT-2 323/8488 347/8461 0.93 (0.79, 1.08)

Table 10: Accelerated alteplase versus reteplase

Outcome Study Acc Alteplase Reteplase OR random effect (95% CI)

Mortality GUSTO 111 356/4921 757/10138 0.97 (0.85, 1.10)
Up to 35 days

RAPID 2 13/155 7/169 2.12 (0.82, 5.46)

Total 369/5076 764/10307 1.24 (0.61, 2.53)

Test for Heterogeneity X°=2.60, df=1, P=0.11

Stroke (total) GUSTO III 88/4921 166/10138 1.09 (0.84, 1.42)

RAPID 2 4/155 3/169 1.47 (0.32, 6.66)

Total 92/5076 169/10307 1.10 (0.85, 1.43)

Test for Heterogeneity X>=0.14, df=1, P=0.71

Hemorrhagic

GUSTO III 42/4921 92/10138 0.94 (0.65, 1.36)
stroke
M aj or bleed GUSTO III 59/4921 96/10138 1.27 (0.92, 1.76)
Reinfarction GUSTO 111 207/4921 426/10138 1.00 (0.84, 1.19)

Table 11: Reteplase versus streptokinase

Outcome Study Reteplase Streptokinase OR random effect (95% CI)
Mortality- INJECT 270/2994 285/2992 0.94(0.79, 1.12)
up to 35 days

Stroke (total) INJECT 37/2994 30/2992 1.24 (0.76, 2.00)
Hemorrhagic INJECT 23/2994 11/2992 210 (102, 4.31)
stroke

Major bleed INJECT 138/2994 141/2992 0.98 (0.77, 1.24)

45 Other adver se effects

Several studies report rates of allergy or anaphylaxis. Reported rates for allergy are often
different suggesting different diagnostic criteria, but in general the rates of allergy and
anaphylaxis on streptokinase are approximately 3-4 times those on alteplase (e.g.
GUSTO I reports 5.7% allergy and 0.7% anaphylaxis on streptokinase compared to 1.6%
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and 0.2% respectively on alteplase). The differential rates with reteplase are not so large -
INJECT reports 1.8% allergy on streptokinase compared to 1.1% on reteplase. There
seems little difference in rates of allergy between the newer drugs in comparative studies.

4.6 Subgroup analysis of included studies

Six included studies conducted subgroup analysis of mortality at 30-35 days. The three
most common subgroups of patients were identified according to age, location of
infarction and time from onset of symptoms to treatment. Thrombolytic drug
comparisons by subgroups are presented in Table 12.

There are no differences in the comparative efficacy of different drugs at different ages.
Older patients typically have higher mortality rates regardless of drug. The GUSTO I
study which shows an advantage of accelerated alteplase over streptokinase shows the
advantage consistently in all age groups.

When the time to treatment was categorised at different time intervals, the GUSTO I
study seemed to show a better outcome with acclerated alteplase in those treated within 6
hours, but a better outcome with streptokinase in those treated after 6 hours.(18) On re-
analysis, this was not statistically significant.(62) In ASSENT-2, the 30-day mortality in
patients treated after four hours from symptom onset was significantly lower with
tenecteplase than with alteplase (absolute difference 2%) and in GUSTO III alteplase
showed a significantly better mortality benefit in late-treated patients (greater than four
hours) than reteplase.

In GUSTO 1, although statistically not significant, 30-day mortality benefit from
accelerated alteplase was consistent compared with streptokinase regardless of location
of infarct. However, the absolute benefit was greater in patients with anterior wall
infarctions.
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Table 12: Thrombolytic drug comparisons by subgroups

Number Time from symptom onset
Study randomised | Age (years) Infarct location to treatment (hours)
Alteplase/Streptokinase
GUSTO 1(18) 41021 30-day mortality % 30-day mortality % 30-day mortality %
REEHAR <65 t-PA 2.7 Anterior  t-PA 8.6 0-2 t-PA 43
SK 33 SK 10.5 SK 54
65-74 t-PA 8.3 Inferior t-PA 4.7 2-4 t-PA 5.5
SK 10.4 SK 53 SK 6.7
75-85 t-PA 18.2 4-6 t-PA 8.9
SK 19.7 SK 9.3
>85 t-PA 30.0 >6 t-PA 10.4
SK 29.2 SK 8.3
GISSI-2/1SG 20891 In-hospital mortality % Not reported In-hospital mortality %
(46, 47)} <70 t-PA 5.8 <3 t-PA 8.2
SK 5.4 SK 7.9
>70 t-PA 19.4 >3 t-PA 10.2
SK 19.1 r-PA 9.5
1S1S-3(48) 41299 Not reported Not reported 35-day mortality %
0-6 t-PA 9.6
SK 10.0
Alteplase/Tenecteplase
ASSENT - 16949 30-day mortality % 30-day mortality % 30-day mortality %
2(20) <75 t-PA 43 Anterior t-PA 8.2 0-2 t-PA 4.9
*Acct-PA TNK 4.6 TNK 8.0 TNK 5.0
>75 t-PA 19.3 Other t-PA 4.8 >2-4 t-PA 5.5
TNK 17.4 TNK 5.0 TNK 6.3
>4 t-PA 9.2
TNK 7.0
Alteplase/Reteteplase
GUSTO 15059 30-day mortality % 30-day mortality % 30-day mortality %
111(19) <75 t-PA 52 Anterior t-PA 9.4 0-2 t-PA 6.1
*Acct-PA r-PA 5.5 r-PA 10.1 r-PA 5.8
>75 t-PA 20.2 Inferior t-PA 52 2-4 t-PA 6.9
r-PA 21.6 r-PA 4.8 r-PA 7.2
Other t-PA 7.5 >4 h t-PA 7.9
r-PA 9.7 r-PA 9.7
Stereptokinase/Reteteplase
INJECT (53) 6010 35-day mortality % Not reported 35-day mortality %
<51 r-PA 1.7 <3 r-PA 6.7
SK 2.9 SK 7.5
51-65 r-PA 53 3-6 r-PA 9.1
SK 6.4 SK 9.4
>65 yr r-PA 16.4 >6h r-PA 13.2
SK 15.4 SK 13.6
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47 Discussion

Equivalence and non-equivalence

Before discussing the results and their interpretation, and the indirect comparisons, it is
important to consider how we may determine whether two drugs are similar in their
efficacy, and how clinical trials are designed to prove that drugs are either different or
equivalent. This is a key issue with which appraisers of this evidence must be familiar.

Broadly, non-equivalence studies (often referred to as superiority studies) are powered to
demonstrate a difference between two treatments. They are based on a null hypothesis
that there is no difference, which may then be disproved. It is standard in such studies to
use an intention to treat analysis (i.e. to analyse all patients according to their randomised
allocation to treatment, and not according to whether they ever received the therapy or
whether they perhaps changed at some point to the alternative therapy). The ITT is by its
nature conservative and tends to demonstrate no difference rather than difference(63), and
is the most rigorous analysis.

Equivalence trials are used when the existing standard therapy is considered effective and
a placebo controlled trial would not be appropriate. One might then wish to prove that a
new therapy is at least as good as the existing standard. Equivalence studies are also used
to assess frequency of side effect, cost, or the ease of administration of one drug versus
another. Equivalence studies aim therefore to demonstrate that the treatment effects are
equal, not different. But the two drugs are unlikely to produce exactly the same results
(this would be the case even if we compared exactly the same drug in two arms of a
study): so we must define a priori what we mean by equivalence — e.g. what is the range
of difference in efficacy between two therapies, within which the therapies may be
considered clinically equivalent.

A key question therefore is what is this range of difference in efficacy (i.e. in 30-day
mortality) between two thrombolytic agents within which we may consider them
equivalent. There is the view held by some research groups(64) and presented in the
American College of Chest Physicians (ACCP) guidelines that the range of difference
(i.e. the 95% confidence intervals of any difference) must be less than 1% absolute
difference in mortality at 30 days.(13) This means that the confidence intervals of any
difference in efficacy must lie within -1% to +1% if the two drugs are to be considered
clinically equivalent. This is based on the extent of the difference seen in the GUSTO I
study between alteplase and streptokinase, where a difference greater than this is
considered to indicate that alteplase and streptokinase are clinically different.

Other studies have used other criteria: for instance, the COBALT study,(58) examining
two methods of dosing with alteplase, used an extremely rigorous level of not more than
0.4% difference based on the lower confidence interval of the difference seen in GUSTO
I. This was subsequently considered excessively rigorous by many, and Ware and
Antman(63) suggest a difference of up to 1.5%. Other studies have used a difference of
no more than 50% relative mortality difference compared to streptokinase (an interval
that could equate to roughly 1% in absolute mortality, on the basis that streptokinase
shows a 2% reduction compared to placebo).
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The American drug licensing agency, the Food and Drugs Administration (FDA)
proposes a boundary based on the relative risk ratio between two drugs, where the upper
95% confidence interval should not exceed 14.3% relative difference (also based on the
relative difference in GUSTO I).(65) The European Medicines Evaluation Agency
(responsible for licensing thrombolytic drugs in Europe) has not yet determined what it
considers equivalence but it seems likely to be similar to the ACCP guidance (F. Rotblat,
Medicines Control Agency: personal communication, 2002).

This definition of equivalence relates only to efficacy in 30-day mortality. Some argue
that the correct figures on which to base equivalence should also include a measure of
adverse effects such as stroke.(66) However, there is no consensus around this, nor any
consensus on what the limits for equivalence for any end point other than 30-day
mortality should be.

Analysing Equivalence Trials

Even if there was agreement on the definition of equivalence, there remain issues
regarding how we analyse equivalence trial data. It can be argued that intention to treat
analysis (essential in superiority trials where it is deliberately conservative in tending to
reject a difference between therapies) is less appropriate in equivalence studies where it
might hide true differences. The more conservative approach would be a ‘per protocol’
analysis ( i.e. analysing only those patients who received a particular therapy and who
continued on it) which tend to emphasise differences). An ideal would be to consider
both forms of analysis (as is done in the report of the INJECT study).(67)

Problems that may produce differences between ITT and per protocol analyses include
loss of data (e.g. due to patient drop outs) and of handling cross-overs (where patients
originally assigned to one arm actually switch at some point to the alternative).
Fortunately, these problems do not apply in studies of thrombolytics: data ascertainment
for 30-day mortality are usually of very high standard, and the nature of the acute
treatment means that there is rarely any crossover.

We therefore believe it is methodologically sound to interpret the confidence intervals
produced in superiority studies of thrombolytic therapies as if they had been produced in
true equivalence studies, with both ITT and per protocol analysis. This is a view
supported by others.(68, 69) The results of the INJECT study also lend confidence to this
approach where the results of the ITT are similar to those of the per protocol analysis.

Direct Comparisons Between Drugs

The evidence base is dominated by a small number of large clinical trials and these
require careful critical review. In addition the previous discussion regarding the
establishment of criteria for judging equivalence will be included here.

Data presented in this section is a combination of the Odds Ratio data from the earlier
table and absolute risk differences provided from other reports

Alteplase and Streptokinase
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There have been a number of studies that have compared these two treatments, as
outlined in Tables 7 and 8. Three major studies influence the comparisons. The first two,
GISSI-2/ISG and ISIS-3 compare the standard regimen of a slow infusion and show no
clear benefit of alteplase over streptokinase. The third is GUSTO I using a frontloaded or
accelerated infusion showing mortality benefit at 30 days.

The GUSTO I study has been the source of much controversy. It had four arms with
approximately 10,000 patients in each. The arms were: a) streptokinase with
subcutaneous heparin; b) streptokinase with intravenous heparin; ¢) accelerated alteplase
with intravenous heparin; d) standard alteplase with streptokinase. It has been argued that
the frontloading or accelerated regimen improves the efficacy of alteplase, and achieves
earlier artery patency and hence loss of myocardium. This seemed to be supported by the
RAAMI study(16) which showed that at 60 min after initiation of the alteplase infusion,
the observed angiographic patency rates were 76% in the accelerated regimen group and
63% in the control group (p = 0.03). At 90 min these rates were 81% and 77%
respectively (p = 0.21). On this basis, it might be expected that accelerated regiments
might produce better mortality results than standard alteplase, although this has not been
tested adequately.

GUSTO I showed an absolute decrease in mortality of 1% (95% CI: 0.37%, 1.6%) at 30
days favouring accelerated alteplase given with intravenous heparin over streptokinase
(two arms merged, one with subcutaneous heparin and one with intravenous heparin).
However, there have been numerous criticisms of this study. These can be briefly
summarised as follows:-

o That the benefit in alteplase over streptokinase was largely seen in those patients in
GUSTO I treated in North America (i.e. the bulk of the patients in the trial). Results
indicate a 1.2% absolute reduction in mortality in US patients versus 0.7%
reduction in mortality in non-US patients.(70) This may reflect American
familiarity with alteplase based regimens and relative unfamiliarity with
streptokinase, particularly since the trial was not blinded.

o That there were substantial numbers of protocol violations in the subcutaneous
heparin arm of streptokinase (up to 11% in total but more common in patients
treated in the USA).

o That there were differences in management of patients between centres, for

instance, the larger proportion of alteplase patients who received coronary artery
bypass grafting and differences in post infarct management in US compared to non-
US study sites.

o That differences in long term outcomes between US and non-US study participants
may be due to long term management of these patients.(71)
J That the merging of the two streptokinase regimes was not scientifically valid,

while choosing not to merge the two alteplase arms.

The GUSTO investigators(72) responded that although not blinded, allocation to
treatment was randomised; there was an intention to treat analysis reported; and that the
primary endpoint of death was collectable in an unbiased and impartial way. They
pointed to an angiographic sub-study of GUSTO which also showed a higher patency rate
of infarct-related artery at 90 minutes compared to streptokinase: this provided a logical
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pathophysiological explanation for the effects of alteplase in decreasing mortality. Lee
and colleagues(73) further reported that among GUSTO patients who did not have
coronary artery bypass surgery during the hospitalisation, 30-day mortality was 6.5% in
those treated with alteplase compared to 7.6% in those treated with streptokinase, still a
clinically and statistically significant difference.

Another criticism relates less to the GUSTO I study itself and more to how it has been
interpreted, i.e. that there has been excessive emphasis on GUSTO I to the exclusion of
other trials of streptokinase versus alteplase.

Collins and colleagues (11) argue that any differences between thrombolytic regimens
are likely to be small compared to the overall benefits of thrombolysis and that studies
need to be compared as a whole, without selective emphasis on one trial or on particular
subgroups. This group therefore conducted a meta-analysis of ISIS-3, GISSI-2 and
GUSTO I(11) (note that in our meta-analysis, we have merged the results of GISSI-2
with ISG).

They argue that the biological effect of alteplase was only to achieve earlier patency but
by no more than 30-60 minutes. The evidence they quote for this is the angiographic
substudy referred to which showed greater TIMI-3 flow rates at 90 minutes but not at 180
minutes (they express some concern that this is reported as TIMI-3 flow rates, and not as
the TIMI-2 or 3 rates originally envisaged in the protocol). Accepting earlier patency by
30-60 minutes, and based on the mean time of symptom onset to treatment, and the rate
of decreased mortality arising from earlier reperfusion as demonstrated in the Fibrinolytic
Therapy Trialists’ (FTT) meta-analysis,(28) they argue that it could be expected that no
more than 1 to 2 lives per 1000 would be saved (0.2% absolute decrease in mortality at
30 days) by using alteplase rather than streptokinase. They therefore consider the extent
of benefit seen in GUSTO-I to be implausible and more likely to be a statistical outlier
than an accurate definitive result.

The time course of benefit from thrombolysis is an important topic here and will be
discussed in more depth later. Collins and colleagues(11) use the conservative FTT time
course and dismiss the alterative time course put forward by Boersma and colleagues(26)
as being the result of selective emphasis on certain small trials. Whatever the case, given
the mean time to thrombolysis in GUSTO I of two hours, the differences in mortality by
either graph would be small as is made clear later in this review.

Collins and colleagues(11) merged the two alteplase arms and compared them to the
merged streptokinase-only arms, even though only one of the alteplase arms used the
accelerated regimen. This has been controversial but they justify this by arguing that the
accelerated nature of alteplase in one arm was not crucial, since the total dose of alteplase
actually received by patients in the first hour of treatment was almost identical in both
alteplase arms (82mg in the accelerated arm versus 78mg in the alteplase/streptokinase
arm).

Accordingly they felt justified merging GUSTO I with GISSI-2 and ISIS-3 in a meta-
analysis. This showed a statistically significant difference of 0.49% (4.9/1000 patients
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treated) in 30-day non-stroke mortality between alteplase and streptokinase, with no
evidence of heterogeneity between the trials. This is substantially less than the 1%
benefit claimed for most analyses of GUSTO I which compare the two streptokinase-only
arms to the alteplase-only arm alone.

The balance between risk and benefit is also uncertain and while there may be benefits in
coronary patency and mortality with earlier treatment, the risks in particular of
intracranial haemorrhage will be similar across all time bands. Collins and colleagues(11)
estimate a statistically significant excess risk of total stroke from alteplase over
streptokinase of 3.3/1000 patients treated, and of intracranial haemorrhage of 2.9/1000
patients treated in their meta-analysis: GUSTO I showed an increased stroke risk in the
alteplase group of 3/1000.

Merging these two endpoints of 30-day death and stroke in their meta-analysis, Collins
and colleagues(11) conclude that there is no convincing benefit of alteplase over
streptokinase (only 1.6 strokes or deaths per 1000 patients treated, and not statistically
significant). They concluded that there was no clinically significant difference between
the drugs.

Others have argued about this interpretation. A criticism is the assumption that a meta-
analysis is superior to the evidence presented in one (very) large trial. Specific points of
conflict are whether accelerated alteplase used in GUSTO I but not in the other studies is
superior (it is in the angiographic RAAMI study, but such angiographic findings may not
exist in clinical event reduction e.g. see the RAPID studies which suggested a benefit of
reteplase over alteplase, not borne out in the GUSTO III study), and that it was
inappropriate to merge the two alteplase arms because of the different regimens and
because of the confounding by the presence of streptokinase in one arm. It is therefore
argued that it is inappropriate to include GUSTO I in a meta-analysis of studies of
comparing alteplase to streptokinase.

We therefore present two tables comparing streptokinase to alteplase, based on all the
studies identified which compared these drugs, one without and one with GUSTO I. The
first excluding GUSTO I indicates no clear benefit for alteplase over streptokinase
(difference 0.02% in favour of alteplase, 95% CI: —0.47, 0.5). The second including
GUSTO I show similar results (difference 0.06% in favour of alteplase, 95% CI: —0.3,
0.44).

Alteplase and Reteplase

Two trials are considered in this comparison, GUSTO III and RAPID 2. Both trials used
a regimen of accelerated alteplase.

RAPID 2 was a relatively small angiographic study which showed better coronary
arterial patency (TIMI 2/3 flow rates of 82% on reteplase versus 66% on accelerated
alteplase at 60 minutes).(17) This led to a postulation of a 20% clinical benefit in 30-day
mortality for reteplase over alteplase, based on an expectation of better outcomes with
earlier and more complete reperfusion.(74) This was tested in the large GUSTO III study
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which was planned and powered as a superiority trial, to detect a putative clinical
superiority of reteplase over alteplase.

In fact, GUSTO III failed to show the superiority of reteplase with an absolute difference
in mortality between the two treatments of 0.23% in favour of alteplase with 95%
confidence intervals of —1.1% to 0.66% (i.e. that reteplase could be up 1.1% worse or
0.66% better than alteplase). A later report of one year follow up from GUSTO III shows
a difference in mortality of 0.14% in favour of alteplase (with 95% CI: -1.21%,
0.93%).(75)

The failure to show a benefit in mortality despite benefits in reperfusion may mean that
the reperfusion results arose by chance and were not typical of what might be expected,
or that the correlation between TIMI flow rates and clinical outcomes are not as secure as
previously believed (with implications for the interpretation of streptokinase and
alteplase in RAAMI and GUSTO I). We should therefore be cautious in accepting
surrogate data such as patency rates in relation to thrombolysis but seek trials with true
clinical outcomes such as 30-day mortality.

The results of the analysis indicate that there is no statistically significant difference in
30-day mortality. However, if limits of equivalence are set at 1% absolute difference,
then the results of this trial cannot be used to say that reteplase is as effective as alteplase.
This is a view supported by the American College of Chest Physicians (ACCP)(13).

However another recent review(65) interprets the GUSTO III study as showing the
equivalence of reteplase and alteplase. It does this by merging the outcomes of mortality
and disabling stroke, so that the combined event rate is (alteplase) 7.91% versus
(reteplase) 7.89% (difference -0.02% 95% CI: -0.9%, +0.8%), and not the 7.24% versus
7.47%. This, the authors comment, is within the preset 1% definition, but this is strictly
incorrect since the definition refers to mortality only and not to the combined endpoint of
mortality and disabling stroke.

Reteplase and Streptokinase

The INJECT study shows a 0.5% absolute difference in 35-day mortality in favour of
reteplase (not statistically significant). However, the 95% confidence intervals of -1.98%
(reteplase better) to +0.96% (reteplase worse) require interpretation. These confidence
intervals imply that reteplase may be marginally better (0.5%) than streptokinase but
unlikely to be better than a 1.98% improvement in mortality over streptokinase and
unlikely to be worse by more than 0.96% compared to streptokinase.

At the lower extreme therefore, this fits within the defined 1% confidence intervals of
equivalence and therefore it may be said that reteplase is not worse than streptokinase
(non-inferior) and could be superior.

The ‘per protocol’ analysis of this study confirms this result (absolute difference in
mortality of 0.53% versus ITT analysis of 0.51%). The similarity between the two
analyses is of course not surprising, since 98.8% of patients actually received randomised
treatment.
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Alteplase and Tenecteplase

ASSENT-2 was designed as an equivalence trial comparing tenecteplase to alteplase in
relation to 30-day mortality. The results indicate equivalence in that the clinical efficacy
is within the bounds of 1% equivalence. There was however a statistically significant
difference in the rate of major bleed (5.94% on alteplase v 4.66% on tenecteplase), but
there are no guidelines on what constitutes equivalence or inequivalence for this
endpoint. There is a suggestion in a company submission that this trial underestimates
the effectiveness of tenecteplase because of the double dummy approach used but this
seems to us to be unlikely.

Indirect Comparisons

The lack of evidence from head to head trials between some thrombolytics necessitates
some indirect comparisons. Conclusions drawn from such indirect comparisons are more
tenuous. This is particularly so when one tries to quantify any degree of superiority.
Nevertheless when we turn to an attempt to evaluate the economics of using different
drugs in Chapter 6, we are forced into making some estimate of the extent of any such
differences.

Streptokinase versus Tenecteplase

Here we must extrapolate from trials such as ASSENT-2 showing equivalence of
tenecteplase with alteplase (although with less heart failure and more major bleeds in the
alteplase group) and GUSTO I possibly showing superiority of alteplase over
streptokinase or equivalence, depending on the interpretation of the
alteplase/streptokinase comparison discussed above. Therefore, tenecteplase is either
superior to streptokinase (by the same degree as alteplase in GUSTO 1), or equally
effective and possibly more hazardous. Crudely adding together rates of difference in
heart failure between alteplase and streptokinase in GUSTO I (2%) and between alteplase
and tenecteplase in ASSENT-2 (0.9%) to produce a reduction in heart failure rates of
2.9%, as in one company submission, is particularly tenuous.

Reteplase versus Tenecteplase

As there have been no direct clinical trial comparisons between tenecteplase and
reteplase, we are therefore forced to draw conclusions based on the GUSTO III study and
ASSENT-2. This is perhaps the issue where company interests are most divided. If
reteplase is equivalent to accelerated alteplase, then it would be considered the equivalent
of tenecteplase. If the strict interpretation of the confidence intervals in GUSTO III is
adopted however, then reteplase cannot be considered equivalent to alteplase or
tenecteplase. This is perhaps a matter for appraisal rather than strict evidence, as outlined
below.

4.7.2 AdverseEvents

The major adverse events differ between the drugs. Allergy or even anaphylaxis occurs
with streptokinase but is rare with the other drugs. Although there are substantial
differences in the definitions of bleeding and hence the rates of bleeding in different
studies, the risk of major bleed is slightly higher on streptokinase than on the other drugs
directly compared to it. This may be because streptokinase is less fibrin specific and can
cause a more generalised coagulopathy than the other drugs. Some argue this effect is
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possibly more marked than the clinical trial data alone show, since the other drugs are
usually given with intravenous heparin. However, the analysis by Collins and
colleagues(11) casts doubt on this as a significant source of difference.

There was a significant increase in the risk of stroke for alteplase compared to
streptokinase. This was largely accounted for by an increase in the incidence of
haemorrhage stroke. The meta-analysis shows an absolute risk increase of 2 per 1000
and a relative increase of 83%. GUSTO I alone showed an increase of 42% but the
absolute effect was similar. This is an extremely important adverse event that seems
clearly related to the drug chosen. It offsets some of the difference in mortality between
drugs since patients with intracranial haemorrhages are more likely to suffer severely
disabling strokes. This will have an effect on the long-term costs of thrombolysis.

Reteplase also showed an increased tendency to stroke and a significant increase in
haemorrhage stroke compared to streptokinase. In contrast there was no difference
between alteplase and reteplase in GUSTO III nor between alteplase and tenecteplase in
ASSENT-2.

There was no significant difference in re-infarction rates between any of the drugs.

No equivalence definitions have been produced to compare adverse effects nor does the
existing definition include provision for difference in adverse effects, except those
demonstrated in 30-day mortality.

4.7.3 Risk of intracranial haemorrhage with bolusther apy

It is clear that the newer drugs are associated with an increased risk of intracranial
haemorrhage compared to streptokinase. A meta-analysis by Mehta and colleagues(76)
suggests that the rate of intracranial haemorrhage in patients receiving bolus
thrombolytics such as reteplase, anistreplase, or tenecteplase may be unduly high without
any gain in efficacy (odds ratio 1.25 (95% CI: 1.08, 1.45, P=0.003). We have considered
this and agree with the rebuttals by Armstrong and colleagues (77) and Collen and
Sobel.(78) The pooling of results from disparate drugs, which have different rates of
adverse effects and possibly of primary efficacy, simply on the basis of routes of
administration, may be inappropriate. The meta-analysis includes one agent, lanoteplase,
which has been withdrawn specifically because of a high rate of ICH. Our meta-analysis
shown earlier demonstrates no increased risk of total stroke rates with reteplase or
tenecteplase compared with alteplase. We have therefore not taken this into account in
the economic evaluation, other than where differences in point estimates of the event can
be derived from the trials.

4.7.4 Subgroup analysis

No trial has been set up to specifically examine subgroups and therefore all conclusions
drawn must be treated with great caution. Differences between subgroups may have
arisen entirely by chance. The best-known example of this is the analysis from ISIS-1,
showing marked differences in outcome depending on patients’ astrological sign. Collins
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and colleagues warn of the risks of excessive subgroup analysis of studies that compare
stretokinase and alteplase also.(11)

There are no consistent differences in response to drug by age, by time to thrombolysis or
by site of infarct. Where differences occur in trials, eg in GUSTO III between reteplase
and alteplase, or in ASSENT-2 between tenecteplase and alteplase, they seem likely to
have arisen as a result of subgroup analysis. Further evidence of any differental benefits
in subgroups is required

There is no convincing evidence of relative difference in benefit of different drugs by site
of infarct — the absolute benefit of alteplase is greater in treating anterior infarcts in
GUSTO I but this only reflects their greater mortality.

There is an increase in reinfarction rate on streptokinase compared to alteplase in ISIS-3,
but in no other study. This influences the results in the analysis without GUSTO I, but its
clinical significance, if real, is small.

There is therefore no evidence in the subgroup analysis to assist in differentiation
between drugs.

475 Heparin

A study of co-therapies used with thrombolytic drugs, such as the heparins and their
route of administration, is outside the scope of this review but the question of heparin use
in particular requires some comment, since it affects the feasability of the use of the
drugs outside hospital.

Collins and colleagues(11) consider the use of co-therapies with thrombolysis. It is
widely accepted that all patients should receive aspirin, based on the ISIS 2(10) study.
GUSTO I used intravenous heparin in the alteplase arm, but subcutaneous
(unfractionated) heparin in one streptokinase arm and intravenous heparin in the other.
Collins and colleagues (11), again as part of their meta-analysis of interventions after
myocardial infarction examined the question of whether high dose subcutaneous heparin
regime would be comparable to intravenous regimes. They conclude that in GUSTO I
the rate of death in patients on intravenous heparin was 7.4% compared to 7.3% in those
on subcutaneous heparin (consistent with a conclusion of equivalence based on
ACCP(13) definitions) with similar lack of difference in other endpoints including stroke
or haemorrhagic stroke. They therefore conclude that high dose subcutaneous heparin is
as effective as intravenous heparin. In common practice, streptokinase is not given with
intravenous heparin, whereas alteplase (based on GUSTO I) regime is.

The ASSENT-3 study(79) is also strictly outside the terms of this study since it does not
consider comparisons between thrombolytic drugs. However it does allow a comparison
between patients treated with tenecteplase and either intravenous unfractionated heparin
or the subcutaneous low molecular weight heparin enoxaparin.

This study used a composite endpoint of 30-day mortality, in hospital refractory
ischaemia or in hospital reinfarction and found a rate of 11.4% on enoxaparin and 15.4%
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on unfractionated heparin. There was no statistically significant difference in mortality at
30 days (5.4% on enoxaparin v 6.0% on unfractionated heparin (difference 0.64%, 95%
CI: -0.8%, 2.1%) Applying ACCP(13) criteria, this suggests that enoxaparin is not
inferior to unfractionated heparin and may be superior.

While treatment of AMI is not yet a licensed indication for enoxaparin, this trial
combined with the Collins review,(11) would seem to indicate that the use of
subcutaneous heparin, and in particular a low molecular weight subcutaneous heparin
may be as effective as intravenous heparin in AMI. It would seem from the evidence
presented by Collins that this result was not surprising and could be anticipated to apply
to all other thrombolytics in the same way, despite the absence of firm trial evidence for
the combination with thrombolytics other than tenecteplase. This would simplify the
administration and facilitate the use of thrombolytic agents. One company submission
comments that the GRACE registry(80) indicates that 41% of patients with acute MI
already receive a low molecular weight heparin with thrombolytics other than
tenecteplase. This figure is likely to increase in the light of the results of ASSENT-3,
especially (but not exclusively) in conjunction with tenecteplase.

This might be of particular value in pre-hospital thrombolysis as discussed in the next
section.

The role of other possible co-therapies in AMI (eg glycoprotein IIb/Illa inhibitors) is
under extensive study but is not considered further here.

4.7.6 Conclusions

Differences in the benefit in 30-35 day mortality between drugs are less than the benefit
of thrombolysis as a whole.

The scientific evidence comparing the comparative effects of drugs on 30-35 day
mortality is open to interpretation, depending on the definitions of equivalence chosen.
Direct comparisons lead to the following firm conclusions:

A Streptokinase is as effective as non-accelerated alteplase
B Tenecteplase is as effective as accelerated alteplase
C Reteplase is at least as effective as streptokinase

Depending on interpretation of equivalence and of some major trials, the following
conclusions are also possible:

D Concerning streptokinase and alteplase
Streptokinase is as effective as all alteplase, including accelerated alteplase
Or
Streptokinase is inferior to accelerated alteplase

E Concerning reteplase and alteplase
Reteplase is as effective as accelerated alteplase
Or
Reteplase is not (shown to be) as effective as accelerated alteplase
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The following indirect comparisons may also be drawn, and depend on the answers to D
and E (obviously any conclusions drawn here are tentative):

F Concerning streptokinase and tenecteplase, depending on the interpretation of point D
Tenecteplase is as effective as streptokinase
Or
Tenecteplase is superior to streptokinase

G Concerning reteplase and tenecteplase, depending on the interpretation of point E
Reteplase is as effective as tenecteplase
Or
Reteplase is not as effective as tenecteplase

In the absence of further evidence, the resolution of these is a matter for appraisal rather
than for strict scientific interpretation. That the scientific evidence leaves this open to
debate is an illustration of the uncertainty of such small differences.

The benefits of thrombolysis have to be set against the potential hazards: in particular
stroke is more common on the newer drugs than on streptokinase, but the newer drugs
have a negligible incidence of allergy.

The effects of any clinical differences between the drugs on their cost effectiveness are
considered later.
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5. RESULTS: CLINICAL EFFECTIVENESS - PRE-HOSPITAL

5.1 Included studies

The literature search failed to identify any studies conducted in the pre-hospital setting
that compared the effectiveness of different drugs. That is, there were no drug versus
drug comparison studies conducted in the pre-hospital setting. Rather, studies conducted
in the pre-hospital setting have focused on the feasibility and safety of the delivery of
thrombolysis in this setting. In these studies, patients were randomised to receive
treatment either in the pre-hospital or hospital setting and all patients received the same
drug. Primary outcome measures were time saved and mortality, with additional
outcomes of adverse events.

We identified nine such randomised controlled trials in our search(81-89) that examine
the efficacy and safety of pre-hospital thrombolysis. Six of these were also included in a
recent systematic review and meta-analysis that examined the effectiveness on mortality
of pre-hospital thrombolysis compared to hospital thrombolysis.(90)

We also consider a number of other non-randomised or audit type reports that may
provide further information on the likely issues regarding the implementation of pre-
hospital thrombolysis within the NHS. These are included in the discussion portion of
this section and in the section dealing with implementation (Chapter 7).

5.2 Characteristics of pre-hospital studies

The characteristics of the nine RCTs are presented in Table 13
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Early thrombolysisfor AMI

The studies were carried out in Europe, Canada, Israel, Northern Ireland and the UK. The
trial sizes are small except for one large multi-centred study(83) that randomised more than
5000 patients. Diagnosis and decision to treat in the studies was by ECG and clinical signs in
all of the studies but the one carried out in the UK(84) where although ECGs were recorded
they were not used in the decision to treat. Thrombolysis was given by a physician in all the
studies except the USA study(89) where it was provided by paramedics after consultation
with a physician.

Morrison and colleagues(90) used six of these studies in their meta-analysis(82-84, 87-89).
They excluded three(81, 85, 86) which did not meet their outcome inclusion criteria of
mortality data available at discharge. Since the most common endpoint in effectiveness
studies is 30-35 day mortality we have included all nine trials in the characteristics table
(Table 13).

The trials included in the meta-analysis used a variety of drugs (anistreplase in three,
alteplase in two and urokinase in one). Morrison(90) considered that it was reasonable to
group these disparate drugs together on the grounds of their broad clinical similarities. This
ignores any possible differences in effectiveness between drugs as discussed in the previous
section. In that section, we did not disucss comparisons between anistreplasee since it is no
longer available, but at least one small (hospital based) study suggested that anistreplase, the
drug most widely used in existing pre-hospital studies was less effective than accelerated
alteplase.(92)

The merging of trials is based on the argument that benefits arising from differences between
drugs (maximum 10 lives saved at one month/1000 patients treated) may be less important
than benefits from differences in time to thrombolysis.(93)

The administrators of the thrombolytic and the criteria under which it was administered
varied considerably between trials. In most cases (n=7) assessment and treatment were
provided by a physician. In the only UK study (84), this was carried out by a GP. The only
study in which treatment was provided by a paramedic was in the USA MITI study (89)
where paramedics assessed the patient, communicated that information to a physician in the
hospital and provided treatment as directed by the physician.

Individually these trials failed to show a statistically significant difference between all cause
in-hospital mortality, although the point estimates all favoured pre-hospital thrombolysis.
Time to administration of pre-hospital thrombolysis ranged from 85-130 minutes from onset
of pain. Pre-hospital thrombolysis was initiated approximately 58 minutes quicker than
hospital thrombolyis, and this ranged from a 33 minute reduction in the MITI study(89) to a
reduction of 130 minutes in the GREAT study.(84)

The Morrison(90) review shows a pooled benefit in mortality of a relative reduction of 17%
with pre-hospital thrombolysis compared to hospital thrombolysis (95% CI: 2%, 30%,
P=0.03). In these studies, this translates into an absolute risk reduction of 1.6% (95% CI:
0.2%, 3% - the paper quotes 2% as the risk reduction but based on the actual figures, the
correct reduction is 1.6%), i.e. 16 more patients alive at hospital discharge per thousand
patients treated pre-hospital compared with in hospital.

The authors of the Morrison paper were unable to comment on complication rates or need for
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other medical or surgical therapy. They conclude that the benefits of pre-hospital
thrombolysis are convincing and argue that the choice of drug is far less important than
making a correct diagnosis and providing rapid and safe administration of thrombolysis.

5.3 Discussion

The effectiveness of pre-hospital thrombolysis in improving outcomes would seem to have
been resolved by the Morrison meta-analysis.(90) However, none of the methods of treatment
administration of the studies included in the meta-analysis correspond exactly to how pre-
hospital thrombolysis might be used in the NHS and therefore there are difficulties in
interpreting these diverse studies and their applicability to the wider NHS.

None of the identified studies of pre-hospital care met the inclusion criteria of our review.
We have broadly described the existing studies which compare pre-hospital thrombolysis
with hospital thrombolysis, but which do not provide direct comparisons between drugs. The
underlying assumption therefore is that the relative benefits (or lack of benefits) of one drug
over another are proportionately maintained in the different settings, and at different times of
administration.

The drugs used in the studies were anistreplase, urokinase and alteplase. Two of these drugs
(urokinase and anistreplase) are no longer available in the UK. The third (alteplase) has been
considered as unsuitable by individual ambulance services for use in the pre-hospital setting
(see discussion in Section 7.4). Cohort studies have shown the feasibility of using reteplase,
but have not provided any outcome data comparing it to other agents in well-designed trials.
To date, we have no data related to the use of tenecteplase in the pre-hospital setting.

Since none of the studies met the inclusion criteria of the review, a formal assessment of their
quality has not been carried out. However, these studies do provide important information
regarding the implementation of pre-hospital thrombolysis and highlights aspects of
relevance to the NHS.

These issues are discussed here in relation to each of the major trials.

European Myocardial Infarction Project Group

EMIP(83)was the largest trial to date with over 5000 patients. It was multinational, and
compared pre-hospital versus hospital anistreplase. Patients with or without typical ECG
changes and typical history were randomised within 6 hours of onset of chest pain. Patients
were stratified by their degree of ECG change, and also investigators were allowed to
exclude patients at their discretion.

The time saving was 55 minutes and the reduction in 30-day mortality was 13% (mortality
9.7% v 11.1%, benefit 1.4%, 95% CI: -0.1%, 3.1%, P=0.08). All participating ambulances
(‘mobile coronary care units’) were staffed by a doctor. A total of 32.7% of all patients
screened were actually entered into the study, the majority (87.2%) with ST elevation in the
ECG. Complications were more common out of hospital and included (early) ventricular
fibrillation (1% of cases), and shock including severe allergy (1%).

An important point here is how participation in the trial decreased the hospital door-to-needle
time. In this study this time was 15 minutes. This was more rapid than anticipated and may
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have reduced the anticipated added benefits of pre-hospital administration used in the power
calculation, resulting in a non-significant result.

Myocardial Infarction Triage and Intervention trial

MITI(89) was a smaller trial (n=360) conducted in Seattle, an urban area with a long history
in excellence of emergency cardiac care. Patients had typical pain and ECG changes. The
drugs used were alteplase (over 3 hours) and aspirin delivered by random allocation in either
the pre-hospital or hospital setting. In the pre-hospital setting paramedics provided the drug
following transmission of ECG results and clinical assessment to a doctor. This may have
allowed discretionary application of exclusion criteria and have introduced a selection bias
that may limit the generalisability of this study.

The patients included were only 4% of all patients with chest pain screened and 21% of all
AMIs. There was a non-significant decrease in 30-day mortality (5.7 versus 8.1%, 2.7%
difference, 95% CI: -3%, 7.8%,) in favour of pre-hospital treatment. There was no difference
in 2 year survival (89% for pre, and 91% for hospital treated patients).(91)

Patients contacted emergency services relatively quickly compared with British standards —
typically only 27 minutes after the onset of symptoms. The median time to pre-hospital
treatment was 77 minutes, and to hospital treatment was 110 minutes, a saving of 33 minutes.
Delivering an alteplase infusion in the field delayed transfer time to hospital by 15 minutes.
The time saved was modest by comparison with most studies, reflecting the urban nature of
the service provided. However, the study also showed a remarkable improvement in hospital
door-to-needle time of 40 minutes for patients in the trial. Door-to-needle time for
randomised patients was 20 minutes for MITI patients, as opposed to 60 minutes for
concurrent patients seen in the emergency departments of the participating hospitals. This
illustrates the potential timesavings that can be achieved with active management of the
service in the hospital setting.

Grampian Region Early Anistreplase Trial

GREAT(84) is perhaps the most important study from an NHS perspective since it was
performed in the UK. In it, 311 patients were randomised either to receive anistreplase or
placebo from their (specially trained) GP or the alternative drug/placebo on arrival at
hospital. GPs selected patients on the basis of a history of chest pain of 20 minutes to 4 hours
duration, and treatable within 6 hours of onset of pain. Although ECGs were recorded, they
were not used in the decision to administer thrombolysis.

Seventy-eight percent of patients entered did in fact have a subsequently proven AMI.
However, only 51% of patients assessed had ECG changes (ST elevation) that would have
meant that they met inclusion criteria for standard trials assessing effectiveness of
thrombolytic therapy. The relative rarity of AMI was illustrated by the fact that each GP
recruited a patient on average every eleven months.

Timesavings were impressive. The median time to treatment from onset of pain was 101
minutes pre-hospital compared to 240 minutes in the hospital group. There were substantial
delays in administering thrombolysis in hospitals — hospital door-to-needle time was not
specifically measured but was estimated at around 87 minutes.
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The all cause mortality outcomes are shown in the table (Table 14) below (data are not
available to fill all cells).

Table 14: Mortality at discharge and selected time points

Pre-hospital | In hospital Relative Absolute P value
Difference difference
Hospital 44% (+23—75) NS
discharge(90)
1 month(94) 6% (~0.5 to 12.7) NS
3 months(84) | g, 15.5% 49% 7.6% (-14.7 to -0.4) 0.04
1 year(94) 10.4 21.6% 52% (14 -89) 11.2% 0.007
5 years(95) 25% 36% 1% <0.025

These benefits from GREAT are very impressive but there are grounds for caution in
interpreting them. GREAT differs from all other trials of thrombolysis in several respects.
Firstly, it was a feasibility study — it was never designed nor powered to show a mortality
benefit. The fact that it has must be regarded as hypothesis generation rather than hypothesis
testing. The benefits seen in GREAT were substantially greater than those seen in other
studies of pre-hospital thrombolysis or indeed in hospital treatment. The pattern of increasing
divergence of mortality up to two years (14% absolute difference in mortality) followed by a
(predictable) convergence from five years onwards is unusual in thrombolytic trials and has
not been seen in other trials with long term follow up such as ISIS-2 or GUSTO I.

GREAT may therefore represent a statistical outlier, with extreme results such as are
commonly seen in very small trials. As elsewhere, we should examine the whole of the
available evidence and not be unduly swayed by one small study.

A contrary view is that few other studies have demonstrated such large timesavings between
pre-hospital and hospital treatments, and that the greater benefit may be explained by
this.(96) In subsequent subgroup analysis and follow up to ten years, Rawles claims that the
benefit of pre-hospital thrombolysis was confined to patients with ST elevation or bundle
branch block, and in these patients the average survival was 7.4 years (pre-hospital) versus
5.9 years (in hospital), difference 1.6 years, 95% CI: 0.5, 2.6 (Rawles J, Lead Investigator
GREAT study/Consultant cardiologist (Retired), Aberdeen, personal communication: 2002).

In the absence of other studies supporting the extent of the benefit seen in GREAT, it is
therefore unclear how to synthesise the findings with other research. Even if correct, there are
difficulties in applying such data to other parts of the UK where the transport times and
distances are likely to be shorter. The model of administration of thrombolysis on suspicion
alone of AMI is not one generally favoured, and the role of the GP is not as prominent in
most models of care currently under consideration. These issues are explored more fully in
Chapter 7 on implementation.

Two other studies(85, 86) have been conducted in the UK, both in Northern Ireland. Both
were relatively small and used mobile coronary care units with medical staff. McNeil and
colleagues assessed the use of alteplase, and McAleer and colleagues evaluated streptokinase.
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McAleer and colleagues used an open allocation, the basis for which was not reported. The
reported time saving by pre-hospital administration was 34 minutes. The results reported
dramatic but not statistically significant reductions in mortality at 14 days in favour of pre-
hospital treatment, 2.3% versus 11.7% (difference 9.4%, 95% CI: -1.5%, 17.3%). This
difference was still evident at the one-year follow-up. McNeill and colleagues(86) showed a
time saving of 68 minutes, no mortality benefit but an improvement in left ventricular
function favouring pre-hospital thrombolysis. The benefit in the McAleer study is
extraordinarily large and seems unlikely: the open allocation may explain the results. The
model of mobile coronary care units is uncommon in the NHS outside Northern Ireland.

Non-randomised, Audit or Observational studies

The review team did not carry out a comprehensive search or apply stringent inclusion
criteria in the search for non-randomised studies. Those studies presented here have been
selected to identify factors to be addressed in relation to the implementation of pre-hospital
care.

Pre-hospital thrombolysis has been widely used in the Netherlands for some years. Lamfers
and colleagues(97, 98) report a small observational study of pre-hospital thrombolysis with
anistreplase offered in one Dutch city (n=227), versus retrospective records of hospital
patients (n=269) treated with alteplase or streptokinase. Their comparisons reported a time
saving of 63 minutes as a result of pre-hospital administration of treatment. GPs or
paramedics in the community provided treatment after transmitting ECG and clinical findings
to the hospital. They report that a total of 13% of pre-hospital patients were considered to
have had their AMI aborted (as evidenced by predefined decreases in ST segment elevation
on ECG) compared to 4% of hospital patients. However there was no reported difference in
12-month mortality rates (pre-hospital 11% versus 10% in patients receiving hospital
treatment).

Hand searching identified one recent abstract authored by Lamfers and colleagues(99) which
claims to compare reteplase (120 patients) with anistreplase or streptokinase (130 patients)
out of hospital. In fact this was an observational study: patients were sequentially and openly
assigned to either drug regimen (anistreplase was the preferred comparator in one trial centre,
streptokinase in the other) given pre-hospital. The results were a time saving of 23 minutes
for the double bolus reteplase, no difference in 30-day mortality or other outcome measures.
The authors report that reteplase seemed to be as effective as the older drugs but
acknowledge the weaknesses of the study design.

An observational study by Herlitzand and colleagues(100) from Sweden describes a process
of administration using reteplase out of hospital, in ambulances staffed by (for the most part)
a nurse in addition to ambulance staff. The number of patients reported is relatively small
(n=154) and there is no comparator group. ECG interpretation was by a base hospital and the
time to thrombolysis from arrival of the ambulance was approximately 31 minutes. The time
to thrombolysis was 91 minutes in densely populated areas, up to 156 minutes in more
sparsely populated areas. The latter group are perhaps analogous to the population treated in
the GREAT study. There are no outcome measures reported or any comparisons of times
saved by pre-hospital thrombolysis.

A further study of reteplase in the pre-hospital setting is available in abstract format in the
public domain (a slightly more detailed report is available from in confidence information
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data in the Roche company submission).(101) This is a study which tests the safety and
feasibility of pre-hospital administration of reteplase and tries to determine the time saved. It
is not directly comparative and only uses historical controls. Results to date include 315
patients. The median time from arrival of ambulance to thrombolysis is the same as in the
Swedish study, i.e. 31 minutes, compared to 64 minutes in a control, i.e. a saving of 33
minutes.

An Italian study(102) reports the use of anistreplase in a rural emergency room (n=102) with
no immediate coronary care unit support, perhaps analogous to a community hospital in the
UK, compared to patents transferred directly to a hospital with a coronary care unit (n=178).
The method of allocation was not described, and like the McAleer study, doubts are raised
about the quality of the results. The decision to thrombolyse was based on an ECG
transmitted to a local coronary care unit, and the time saving achieved was 75 minutes.
Mortality at 35 days was 7.5% in those treated in the emergency room, compared to 10.7% of
those treated in the coronary care unit (3.2% reduction, 95% CI: —4%, 10% not statistically
significant).

Finally, we have received reports from the two ambulance services (East Midlands and
Staffodshire)(37, 38) currently implementing programmes of pre-hospital thrombolysis in the
UK. In these trusts, the USA model of paramedic assessment and transmission of findings to
a physician has been adopted. They have confirmed the feasibility of the delivering
thrombolysis in the pre-hospital setting. However, phasing in of the programme means that
the number of patients being treated is small (14 in the first year in one area). This is
consistent with reports from one of the few rural centres in Canada that implemented a policy
of pre-hospital thrombolysis and did not administer the treatment to any patient in the first
year (Shuster M, Director A&E Banff Mineral Springs Hospital, personal communication:
2002). The impact of a pre-hospital thrombolysis service and likely volume of patients are
discussed in Section 7.

Other pre-hospital thrombolysis studies underway

The ASSENT-3 Plus study is an RCT comparing tenecteplase with enoxaparin versus
tenecteplase with intravenous heparin in pre-hospital thrombolysis and may allow
comparison. It does not compare two different thrombolytic drugs and would allow only
indirect comparisons with those patients who have received tenecteplase and possibly
alteplase in hospital as in ASSENT 3. Recruitment of 1600 patients is due to be completed in
late 2002 and results will be available in early 2003 (Boehringer Ingelheim submission).

5.4 Conclusion

There is no evidence regarding the comparative effectiveness of each drug in the pre-hospital
setting. Therefore conclusions regarding choice of drug must be drawn from studies
conducted in the hospital setting. Additionally the choice of drug in this situation will also be
influenced by convenience and ease of administration, and possibly cost.

We conclude that pre-hospital thrombolysis is feasible and reduces the time to thrombolysis,
though the estimate varies from 30 minutes to two hours, the best estimate we believe being
the pooled figure of 58 minutes in the Morrison analysis.(90) Given that this saving was
achieved in the context of clinical trials, real world savings may be greater. The NSF has laid
down guidelines for the provision of thrombolysis and the need to consider pre-hospital
thrombolysis when time delays are expected (either due to transport time or distance).(30)
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The meta-analysis of existing studies shows a mortality benefit, although this is not shown in
any individual trial.

It is tempting to extrapolate the results of the GREAT study as providing the best evidence in
the NHS but there are several reasons why this should not be done.

The absolute benefit to be expected from the earlier administration of pre-hospital
thrombolysis will also depend on the time to administration and on whether one follows the
Boersma(26), Newby(27) or FTT(28) or other plots which are discussed in detail later in the
next section.
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6. RESULTS: ECONOMICANALYSIS

6.1 Introduction to economic evidence

The aim of this chapter is to assess the relative cost-effectiveness of thrombolytic agents
currently available in the UK for treatment of AMI in either a hospital or pre-hospital setting.
The chapter begins with a review of published literature on the economics of different
thrombolytics in hospital, focusing on eight studies. These are limited to the comparison
between streptokinase and alteplase and date from either before GUSTO I or after. Their
conclusions depend on whether it is accepted that alteplase is superior to streptokinase, i.e.
the studies are appropriately driven by the clinical evidence.

A detailed critique is provided of the economic evaluation of the GUSTO I study which
compared accelerated alteplase and streptokinase, and also of the GREAT study for the
general principles which can be drawn in relation to considering pre-hospital thrombolysis.

A detailed critique and reanalysis was also undertaken of the economic models submitted as
part of the industry submissions. To address potential bias, a more independent set of
assumptions was incorporated into the models to assess their impact on the results gained. A
key issue is the importance of time to initiation of thrombolysis and this is explored in depth.

6.2 Review of economic literature

The aim of this section is to summarise those published cost-effectiveness analyses of
thrombolysis which are based primarily on the results of drug versus drug randomised
controlled trials. Two reviewers (ABol & AH) searched the economic literature and applied
inclusion and exclusion criteria to identify relevant cost-effectiveness evidence. Two
reviewers (ABol and RM) then independently assessed the studies which were included in
the review. The generalisability of such results to the specific circumstances of clinical
practice in the NHS is discussed in a later section. The methods used for this review are
described in Section 3.2.

I dentification of studies

One reviewer (ABol) examined at the titles and abstracts of the 798 articles identified by
electronic search, and 98 were considered relevant. In addition, the reviewer looked through
all of the articles identified by the clinical effectiveness search strategies and selected a
further five papers. Finally, by searching the references of all of the papers obtained, a further
four articles were identified for possible inclusion in this review. These 107 articles were
then assessed for inclusion in the review using the criteria previously described. Eight met
the criteria and are considered further here.(103-110)

6.3 Quantity and quality of research available

Of these eight studies, three papers(103, 107, 108) are linked as the economic evaluations
described are primarily based on the same cost-effectiveness model. However, for the
purposes of data extraction, these studies have been summarised as individual studies as they
address different questions. One paper(105) is based on a previously published clinical
model.(111) All of the studies were considered comparisons of different drugs in hospital
based thrombolysis - none addressed the cost-effectiveness of different drugs in pre-hospital
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thrombolysis. The results of the quality assessment exercise are presented in Table 15 below.
Details of the quality checklist items are provided in Appendix VIII.

Overall the studies were of good quality, except in three areas. First, most of the studies did
not measure costs and benefits from the same study population i.e. cost data were often
estimated whereas benefit information was taken from a previously published trial. Second,
the reader often had to refer to the original efficacy study in order to be sure of the
comparator as the descriptions of alternative interventions were often not sufficiently
detailed. Finally the derivation of utility values was not fully explained in any of the studies
containing cost utility ratios.
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Early thrombolysisfor AMI

Sudy design

All of the studies were incremental cost-effectiveness analyses (see Table 16). A range of
cost effectiveness measures was described but cost per life year saved was the most common.
Three papers also included incremental cost utility analyses and used quality adjusted life
years (QALYSs) as a measure of utility. All of the studies considered only one comparison
between thrombolytics — that between alteplase and streptokinase - standard alteplase in the
pre-GUSTO I studies, and accelerated alteplase in studies published after GUSTO I.

The time period of analysis varied across studies. The time period chosen was primarily
determined by the source of efficacy data. Where the studies used modelling techniques to
estimate survival, the time horizon of the model was much longer than the time period of the
study for which real data were available. Some studies only calculated costs until the end of
the first year post MI whilst others calculated costs over the entire remaining life expectancy
of the patient. Although incremental costs were calculated by all of the studies, few of the
studies provided enough cost information to replicate the calculations to check the robustness
and reliability of their calculated incremental cost-effectiveness ratios.
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Table 16: Characteristics of economic studies

Study Type of evaluation Interventions | Study population Time period of
and synthesis study

Goel and Naylor , | Cost-effectiveness SK, intravenous | Hypothetical cohort of nonelderly patients Trial data — 4 weeks

1992(103) analysis t-PA with uncomplicated myocardial infarctions. | after AMI
Cost per life year gained Sensitivity analysis allowed extrapolation to | Extrapolated data — 5

higher risk subgroups years

Kalish et al., Cost-effectiveness intravenous SK, | Hypothetical patients with acute MI who Trial data — 1 year

1995(104) analysis and cost-utility | accelerated t-PA | were candidates for thrombolytic therapy and | Extrapolated data —
analysis who presented within 6 hours of symptom over remaining lifetime
Cost per QALY gained onset

Kellett, Cost-effectiveness accelerated t-PA, | Hypothetical 65 year old man with a definite | Trial data — 30 days

1996(105) analysis and cost-utility SK acute MI presenting< 4 hours after the onset | after AMI

analysis

of symptoms.

Extrapolated data —

Cost per QALY gained over remaining lifetime
Lorenzoni et al., | Cost-effectiveness recombinant t- Hypothetical population of 1000 patients Trial data — 30 days
1998(110) analysis PA, SK with AMI with the clinical characteristics of | after AMI

Cost per extra life saved the patients enrolled in the GUSTO trial(18)
Mark et al., Cost-effectiveness accelerated tPA, | Patients enrolled in the GUSTO trial (18) Trial data — 1 year after
1995(106) analysis and cost-utility SK MI

analysis Extrapolated data —

Cost per life year gained, over remaining lifetime

cost per QALY gained
Massel, Cost-effectiveness SK + aspirin, Hypothetical cohort of nonelderly patients Trial data— 5 to 6
1999(107) analysis accelerated t-PA+| with uncomplicated MI who have resistance | weeks after MI

Cost per additional short | aspirin to SK

run survivor
Naylor and Cost-effectiveness Alteplase, Hypothetical cohort of nonelderly patients Trial data— 5 to 6
Bronskill, analysis intravenous SK | with uncomplicated MI. Sensitivity analysis | weeks after M1
1993(108) Cost per additional short allowed extrapolation to higher risk

run survivor subgroups
Pelc et al., Cost-effectiveness accelerated t-PA | 602 patients who survived initial MI in Feb | Trial data — 1 year after
1997(109) analysis v SK 1993 and 102 patients who did not survive AMI

Cost per life year saved

initial MI during this period

t-PA= alteplase, SK = streptokinase

Costs

Cost data and their source are presented in Table 17. Some authors used both primary and
secondary cost data sources and both national and local sources of cost data were used in the
studies. Individual patient costing was not used and none of the studies adopted a societal

perspective.

The key categories of costs were similar across all of the studies and can be divided into
hospital costs and post-discharge continuing care costs. Hospital costs included the
thrombolytic drug therapy costs as well as cardiac procedures, length of stay and professional
charges. Post-discharge costs included follow up clinics and the treatment of adverse events.
There was significant variation in the estimation of costs related to adverse events with some
studies including the continuing cost of strokes and heart failure while others did not.
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Early thrombolysisfor AMI

Outcomes

All of the studies analysed used a reduction in mortality as their primary outcome measure.
The time-scale over which mortality improvements was measured and the metric used
(number of lives saved, life years gained, QALY improvements) varied between the studies.
The efficacy data sources described vary depending on the publication date of the study
(Table 18). Two pre-GUSTO I studies used efficacy data from a range of five randomised
controlled clinical trials that directly compared streptokinase and alteplase. Both of these
papers used sensitivity analysis to address the uncertain efficacy of alteplase over
streptokinase. One study (105) used a reduced mortality rate of 20% from the GUSTO I study
instead of the conventional 14% reduction. A range of outcomes was stated in the studies.
Several papers quoted similar efficacy data from the GUSTO I study including 30-day
mortality, one year mortality, number of life years and quality adjusted life years gained.
Adverse event outcomes of interest included stroke, reinfarction, major bleed, anaphylaxis,
and congestive heart failure.

Where cost utility analysis was undertaken, the source of the utility values was usually
derived from previously published papers.(104, 105) Only one study attempted to calculate
utility values directly from real subjects.(106) However, little detail was provided regarding
the elicitation of values, making their accuracy and appropriateness uncertain.
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Early thrombolysisfor AMI

Cost-effectiveness ratios

Most studies were undertaken outside the UK, thus using different cost data and assumptions
that were not directly relevant to the NHS.

Five out of the studies explicitly conducted subgroup analyses (Table 19), usually based on
age, location of infarct and time to treatment. Some studies explored these subgroups in
isolation,(104, 110) others in combination. Where subgroup analyses were performed, the
results demonstrated that more favourable cost effectiveness ratios were achieved by treating
older people, patients with anterior infarcts and those patients who present early for
treatment.

All of the studies conducted sensitivity analysis to some extent. One-way, two-way and
three-way approaches to sensitivity analysis were described. The three linked papers (103,
107, 108) described in this review used sensitivity analysis to investigate the impact of
differences in efficacy between alteplase and streptokinase on their results.

One study was supported by a research grant from a pharmaceutical company.(104) Only
two studies did not acknowledge funding sources.(109, 110) The authors of the six
remaining papers acknowledged some form of support from manufacturers of thrombolytic
drugs.
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Early thrombolysisfor AMI

Overall assessment of published economic evidence from randomised controlled trials

Incremental cost-effectiveness analysis was the appropriate approach to adopt in all of
the studies as it is the change in costs and the corresponding change in benefits which
is of interest to the decision maker. All of the studies justified their choice of
comparator. Given the publication dates of the included studies, all of the studies
included comparators that were relevant alternatives for the treatment of acute
myocardial infarction at that time. The majority of studies used efficacy data from the
GUSTO I study.(18) This was an international trial but the estimated use of medical
resources was derived only from US patients, and are unlikely to translate into other
health services. Authors in Europe applied the results of the GUSTO I study to their
own settings in an attempt to compare the cost-effectiveness of alteplase versus
streptokinase. Consequently, cost-effectiveness ratios were expressed in several
currencies, a reflection of the international interest in the choice between alteplase
and streptokinase. Clearly the range of costs identified, estimated and valued in an
economic evaluation influences the calculation of the cost-effectiveness ratio.
Unfortunately some studies did not sufficiently explore the true cost of complications
over the lifetime of the patient. Nor was this addressed fully by sensitivity analysis.

As it is uncommon for quality of life data to be routinely included as part of a
randomised controlled trial, it is perhaps not surprising that only three studies
considered issues that can be addressed by cost-utility analyses. Given that both
alteplase and streptokinase have been demonstrated to improve both patient quality
and quantity of life, the use of cost utility analysis in this context would have been
informative.

Subgroup analysis was appropriately performed in many of the studies with age,
location of infarct and time from onset of symptoms to treatment being the three most
important groups. However, it should be noted that subgroup analysis by age based
on the results of the GUSTO I study should be handled with care as only 30-day
efficacy data were available at the time when study results were published. The
results of the sensitivity analyses revealed that the mortality differential between
streptokinase and alteplase was the factor that consistently influenced the cost-
effectiveness ratio. The cost differential between drugs was also important.

Conclusions

Pre-GUSTO I studies that compared alteplase with streptokinase were in agreement
that until any mortality advantage could be identified for alteplase, streptokinase
would continue to be the preferred choice of thrombolytic. However, with the
publication of the GUSTO I study results and the demonstrated mortality benefit of
alteplase over streptokinase, subsequent economic studies have shown that alteplase
appears to be more cost-effective than streptokinase. The outcome of this review of
the economic studies is therefore dependent on whether one accepts the results of the
GUSTO I study as illustrating a credible clinical advantage over streptokinase, a
matter for appraisal (see Section 4).
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6.4 Detailed critique of major sources of economic evidence

6.4.1 Economic analysisof the GUSTO | trial

Cost-effectiveness analysis

The GUSTO I clinical trial incorporated an economic sub-group analysis to determine
the comparative cost-effectiveness of alteplase and streptokinase. Effectiveness was
expressed as the number of additional years of life saved calculated by taking the
number of lives saved, multiplied by an estimate of remaining life expectancy.
Complex modelling was required to estimate the impact of the short-term benefit on
long-term outcome as long-term patient survival was unknown. To translate the
survival data (11 extra survivors at one year per 1000 patients treated on alteplase)
into additional years of survival, the Duke cardiovascular disease database was
combined with statistical techniques to estimate lifetime survival. From these
calculations, it was estimated that each alteplase patient would gain an average of
0.14 life years from alteplase relative to streptokinase.

The treatment groups had the same rate of bypass surgery (13%) and angioplasty
(31%) during the initial hospitalisation. Overall, the first year health costs excluding
the difference in the cost of the thrombolytic agent were $24,990 per patient treated
with alteplase and $24,575 per patient treated with streptokinase. The estimated
cumulative increase in medical costs (hospital cost plus physician fees) at one year
therefore averaged $415 for alteplase patients in comparison to streptokinase. When
the relative costs of the two thrombolytic agents were added in, the resulting
incremental cost for the alteplase arm rose to $2,845. Because the non-drug cost-
differential at one year was not significant, the primary analysis assumed that there
would be no incremental cost for alteplase after the first year. Thus, $2,845 was also
held to represent the incremental lifetime costs of a patient treated on alteplase, rather
than streptokinase.

Using this estimate and a discount rate of 5%, the GUSTO I trial investigators
concluded that the cost-effectiveness ratio of using alteplase instead of streptokinase
was $32,678 per year of life saved. As part of the sensitivity analysis, the costs
typically paid by hospitals for thrombolytic agents were substituted for their list price.
This alteration reduced the cost per life year to $27,115. Although it was stated that a
societal perspective had been employed, indirect and non-medical costs were not
included in the analysis.

There was consideration of the utility of patients who have had an AMI in the
GUSTO study: patients in the study were generally willing to trade 10 years of life in
their post-AMI state of health for 9 years of excellent health. Applying this weighting
factor to both alteplase and streptokinase recipients rescaled the cost-effectiveness
ratio in the baseline case to $36,402 per QALY.

Subgroup analysisin GUSTO |

Assessment of the comparative costs and benefits arising for selected sub-groups (by
age and location of infarct) of patients were performed in GUSTO I. This analysis
might enable thrombolytic therapy to be targeted upon patients in whom it is most
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effective or cost-effective. However, as the authors stress, the results of the sub-group
analyses should be interpreted cautiously.

In general, cost effectiveness was greater in patients at higher risk of absolute
mortality, i.e. the older patients and those with anterior infarcts. For example, the
additional cost per life year gained of alteplase over streptokinase was estimated to be
$13,410 for patients older than 75 years with anterior M1, and $16,246 for patients
older than 75 years with inferior MI. In contrast, in a low risk patient such as a
patient younger than 40 with an inferior infarction, the cost effectiveness ratio was
$203,071 per year of life saved.

In summary, the economic analysis performed alongside GUSTO I demonstrated that
alteplase expanded survival at an acceptable cost within the context of a clinical trial
undertaken in the USA healthcare system.

6.4.2 Critique of economic analysisof GUSTO | trial

The GUSTO study has been criticised from many viewpoints. Other investigators
have commented on the small size of the difference in outcome, differences in the
results obtained within and outside of the USA, the open nature of the trial, the high
cost differential between the drugs studied, the increased stroke rate with alteplase
and other factors that are held to prevent acceptance of the conclusions.(93) All of
these factors must be taken into consideration when interpreting the cost-effectiveness
ratios presented by the authors of the economic analysis as their implications might
affect the magnitude of the clinical effect and/or limit the relevance of study findings
to specific settings.

Cost differencesin thefirst year

The authors only report cost differences between the groups during the first year post-
infarct as they estimated that the cost differences in the second six months of the first
year were not significantly different. In addition, cost data after the first 12 months
were not available. By far, the two most expensive cost items during the initial
hospitalisation period were coronary angioplasty and coronary bypass surgery which
were performed with equal frequency in both groups. However, given the
acknowledged higher rate of aggressive and invasive interventions in the USA
compared to other countries,(112) it would have been useful to explore the impact of
changing the procedural rates to reflect those of non-USA countries on the estimated
cost-effectiveness ratios.

Codt differences after one year

If the non-significant cost differential identified between the two groups between six
and twelve months ($508) was annualised and maintained for the entire period of
increased survival, then an unacceptable cost effectiveness ratio of $147,333 would
have been estimated.(113) Even if this cost differential were maintained for a period
of only three years, the incremental cost per life year gained would be $55,300.
Clearly inclusion or exclusion of this cost differential has significant implications for
the cost-effectiveness of alteplase versus streptokinase.
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Increased risk of stroke

Alteplase resulted in significantly more non-fatal disabling strokes than streptokinase,
but the additional cost of care for patients who experienced stroke was only
incorporated into the economic analysis for the first year post-infarct, after which
costs were assumed to be equivalent for both groups. This approach to costing is
subject to criticism as it is likely that health services incur costs for a much longer
period for this group of patients. The authors, to some extent, addressed this issue
using sensitivity analysis. In the sensitivity analysis, a patient with a disabling stroke
was assumed to have the same life expectancy as a non-stroke patient but was
assumed to require lifetime (15 years) institutionalised care. This assumption reduced
the comparative cost-effectiveness of alteplase to $42,400 per life year saved.

Quality of lifeissues

The methods used to elicit utility values to explore patient quality of life issues were
not clearly described by the authors. The elicitation of utility values from patients
does not lend itself to telephone interviews given the complex nature of the questions
and concepts under discussion. In addition, comparative quality of life data in sub-
groups of patients receiving alteplase or streptokinase was not analysed. This is an
important omission in view of the difference in the rate of strokes between the two
groups.

Implications for the UK

The generalisability of the GUSTO results has been intensively scrutinised. With
regard to the economic study, the only concession to differences between non-US
countries and the US was the use of typical European prices for the drugs in a
sensitivity analysis; substitution of European prices, lead to a substantially improved
cost effectiveness ratio ($13,943 per year of life saved). Unfortunately in the
economic analysis, there was no similar reflection of the different patterns of care
between non-USA countries and the US. Evaluation of the GUSTO data has at least
shown that alteplase is more cost-effective than streptokinase in the USA, whether or
not these results have less relevance for non-US countries is the subject of much
debate.

6.4.3 Economic analysisof the GREAT study

The cost effectiveness of pre-hospital versus in hospital thrombolysis is not the
subject of this review. Nevertheless, it is important to review one trial which
addressed this issue, the Grampian Regional Early Anistreplase Trial (GREAT)(84)
study, as it considers several important areas within the context of the NHS. The
clinical details of this trial have already been discussed in Chapter 5; this current
section considers the economic evaluation associated with that study.(114, 115)

The authors compared the costs and benefits of anistreplase (see Chapter 2 — this drug
is no longer available in the UK for commercial reasons) administered by GPs before
the patient was admitted to hospital versus hospital thrombolysis in a randomised
controlled trial. This paper was excluded from the detailed review of economic
evidence outlined above because the trial was not a direct drug versus drug
comparison (anistreplase may be considered a more convenient bolus administered
equivalent of streptokinase) but rather a setting to setting comparison.
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Relative to hospital thrombolysis, analysis of the GREAT trial has shown that pre-
hospital community thrombolysis versus hospital thrombolysis leads to a significantly
enhanced probability of survival at 4 years of 11%, at a very modest additional cost
(£425 per patient). This gives a marginal cost per life saved of £3,890. The cost per
life year saved by pre-hospital thrombolysis is modest compared with, for example,
the cost of switching from streptokinase to alteplase in the hospital setting(114, 115).

It was estimated that if all eligible patients had received early thrombolysis, then the
total additional cost to the health service would have been £77,000.(114) Therefore it
would appear that the benefits of early thrombolysis could be obtained for a
comparatively insignificant increase in cost. However there would be additional costs
to the health service as a whole because such early thrombolysis would cause an
estimated 1.5% increase in the number of patients surviving AMI until admission to
hospital.(114, 115)

6.4.4 Critique of the economic analysis of the GREAT study

A criticism of the economic analysis of the GREAT study is that the economic
evaluation was not carried out at the same time as the randomised controlled trial.

The economic analysis (115) was conducted four years later and relies on very limited
follow-up data. The economic evaluation would have benefited from some
consideration of quality of life issues. Although no study viewpoint was explicitly
stated, it can be assumed that the evaluation adopted a NHS perspective that included
costs incurred in both hospital and pre-hospital settings.

From the published economic evaluation, it was difficult to determine the exact nature
of the two interventions being compared. In particular, a detailed description of
hospital thrombolysis was lacking.

Costs included in the economic evaluation were appropriately described in terms of
the range of costs included in the analysis. However, physical quantities of costs and
unit costs in monetary terms were not presented. It would be impossible for the
analysis to be replicated using different parameter values more suited to the reader’s
setting.

The authors conducted sensitivity analysis to a limited extent. In their cost analysis of
pre-hospital thrombolysis, the authors used low and high estimates regarding the
additional length of GP visits and capital equipment. No parameters were varied in
the analysis of hospital costs. The probability of survival after pre-hospital
thrombolysis compared to hospital thrombolysis was based on the latest data from the
GREAT trial and at four years, the additional probability of survival was 0.11 (95%
CI: 0.01, 0.21). As the GREAT study was not designed with a cost-effectiveness
question in mind, the confidence intervals around the cost per life saved were very
wide. Low estimates revealed a range of £1,990 to £42, 820 whereas high estimates
revealed a range of £4,100 to £88,100. In summary, the cost per life saved by
community thrombolysis headlined in the paper by the authors was modest and
ranged between £3,890 and £8,000 (figures from low estimate calculations). It would
have been appropriate for the authors to present the results of their economic analysis
in terms of cost per life years saved in keeping with other economic studies.
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Although impressive, the results of GREAT need to be tempered by comparison with
other trials that have shown a lesser benefit, as discussed in Chapter 5. The
applicability of the GREAT study to the NHS as a whole is therefore uncertain, as are
the results of its cost-effectiveness analysis.

6.5 Discussion of key issues highlighted by reviews of economic evidence

6.5.1 Pergspective

The perspective from which economic analyses of AMI are undertaken is crucial as
the viewpoint adopted influences the range of costs to be identified, measured and
valued. No studies have addressed the indirect costs to patients or their families of an
AMI nor of a disabling stroke following thrombolysis. There is debate about the most
appropriate way of measuring such indirect costs and whether and how they should
include loss of productivity. Most studies therefore adopt a simple health service or
payer perspective.

6.5.2 Treatment costs

The treatment cost of an uncomplicated AMI in the NHS is estimated at £903 (116)
and this figure is based on an average of five in-patient days. The figures provided in
the industry submissions are higher (around £1900 for an uncomplicated MI,
excluding costs of thrombolysis) and seem more plausible to us. In either event, the
costs of thrombolysis other than streptokinase are a very significant element of the
costs of AMI. Most previous published economic evaluations considered the cost of
drug treatments for AMI small by comparison with the associated costs of in-patient
stay. This may be correct if subsequent follow-up care is included, especially when
expensive diagnostic and treatment techniques are utilised or if the patient suffers
serious adverse events. Several studies in North America and Europe suggest that the
contribution of the thrombolytic drug to the total cost of care ranges from
approximately 0.5% (streptokinase) to 5% (alteplase).(93)

The biggest costs are perhaps those of rehabilitation and support following disabling
stroke. Attributing a single cost to stroke is complicated by the many different levels
of care associated with different severities of stroke. The impact of variations in the
incidence of stroke on the comparative cost-effectiveness of different thrombolytics
will depend on the comparative incidence and lifetime support costs associated with
this adverse outcome. In general, this aspect of long term costs has not been well
managed in economic studies published to date.

6.5.3 Generalisability of economic evaluations conducted alongside clinical
trials

Economic evaluations are likely to be strengthened by being linked to clinical trials as
this provides scientifically credible data on which to base economic analysis.
However, real world clinical practice is not as controlled as in the clinical trial
framework, and the issues around generalisability of trials to real world clinical
practice has been discussed above. Major problems occur in comparing the results
due to differences in methodology, clinical setting, assumptions made and study
perspective. Jonsson(117) discusses methods of addressing the problems that arise in
economic evaluations linked to international trials of AMI. Clinical trials generally
enrol patients who have a lower mortality than expected in a general population and
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therefore the benefits of a therapy in high risk patients such as the elderly may be
underestimated. Conversely, a clinical trial may not enrol patients with co-morbidity
and thus may underestimate the adverse effects of a therapy if it were given routinely
in a community hospital. In addition, cost structures vary in different environments
and patterns of care, including indications, threshold for interventions, duration of
hospital stay and readmission rates will vary widely. Some costs may occur because
of protocol driven costs which are outside the normal clinical care of the patient. It is
important therefore that these be distinguished from standard care.

In economic evaluations based on multicentre studies e.g. thrombolytic trials, some of
these difficulties are compounded by the fact that many patients will be cared for in
health services where the care received and its cost are substantially different from
those in the NHS. For instance, in the economic evaluation of the GUSTO study the
one concession made to translating the American cost to a European setting was a
sensitivity analysis around the cost of the drug. This ignored different patterns of
medical care and different costs for procedures or staff in Europe and makes the
results unreliable for this reason. Such studies, although they lack generalisability,
may provide the data that allow translation to other settings.(117)

6.6 Summary from review of economic evidence

Any estimate of the relative cost-effectiveness of accelerated alteplase compared with
streptokinase depends critically on the weighting of evidence between GUSTO I and
previous trials. However, the data on thrombolysis in acute myocardial infarction is
evolving and more clinical and economic data are required to demonstrate benefits
both in the pre-hospital and hospital settings. A range of factors on both the cost and
effectiveness side will considerably influence cost-effectiveness into the future. The
price of thrombolytic drugs may decrease, practice patterns may change and there
may be further improvements in pharmacological therapy. For thrombolysis, as in
other situations, effectiveness data in routine clinical practice will be crucial with
such factors as bleeding complications, stroke rates, and timing of intervention likely
to vary from those identified in the efficacy data identified in clinical trials.

The comparative cost-effectiveness of the different drug regimes appear to be
uncertain from current available evidence, especially regarding the use of reteplase
and tenecteplase. In addition, comparative drug costs must be placed in the context of
the total cost imposed on the health service by each of the therapeutic options.

6.7 Critique and re-analysis of industry submitted economic models

6.7.1 Introduction

Review of the economic evidence on early thrombolysis for the treatment of acute
myocardial infarction reveals that very little up-to-date evidence of cost-effectiveness
exists in the published literature. Upon further investigation, it is clear that those
studies that do exist are limited in their relevance to the UK NHS. No economic
evaluations of reteplase or tenecteplase were identified by the literature search.
However, in the industry submissions both these drugs together with streptokinase
and alteplase were the focus of detailed cost-effectiveness analyses. We felt that it
was appropriate to appraise the economic models as presented in the industry
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submissions and offer our own conclusions on the relative cost effectiveness of
thrombolytics based on exploration of a range of potential scenarios reflecting
uncertainty in the underlying model assumptions and parameter values.

Industry submissions

Submissions to the National Institute of Clinical Excellence were received from the
following manufacturers/sponsors:

a. Aventis Behring Ltd
b. Boehringer Ingelheim Ltd
C. Roche Products Ltd

Two of the three industry submissions include detailed cost-effectiveness models in
support of the clinical evidence presented (Boehringer Ingelheim and Roche). All
three companies included a cost-impact analysis for the extended use of their product.
This critique focuses on the submissions offered by Boehringer Ingelheim and Roche
as they comprehensively address the cost-effectiveness of thrombolysis in both
hospital and pre-hospital settings. In doing so, they assess the relative costs and
benefits of streptokinase, alteplase, reteplase and tenecteplase. In contrast, the Aventis
Behring submission is a brief cost minimisation study, and does not present detailed
analysis of costs or benefits of any of the drugs. Valid comparisons of cost-
effectiveness can only therefore be made based on the Boehringer Ingelheim and
Roche submissions.

Introduction to industry models

Table 20 offers a brief overview of the models submitted by Roche and Boehringer
Ingelheim which highlights the main differences between them.

In both of these submissions, results are presented for both pre-hospital and hospital
thrombolysis comparisons. Each model has been carefully appraised both in terms of
the appropriateness of its structure and the specific assumptions concerning parameter
values made when generating cost-effectiveness results. In the following sections,
key aspects are discussed in relation to evidence available. Also the relative impact
of alternative assumptions on the results presented has been assessed.
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Table 20: Main features of submitted cost-effectiveness models

Feature

Roche mode€

Boehringer Ingelheim model

Type of model

Basic accounting tables of costs
and outcomes at 30 days, with
simple projection of mortality
gains beyond 30 days.

Decision-analytic model with time-
points at 30 days, 1 year and 10 years.

Short-term survival

All survival benefit accrued by
30 days.

Most survival benefit accrued by 30
days. Some additional benefit results
from reduction in CHF among 30-day
survivors.

Long-term survival

General assumption of mean
survival of 10 years for all 30-
day survivors.

Survival projected separately for
patients with/without CHF from 30
days to 1 year and 10 years.

Thrombolysis
administration time

Assumed pre-hospital
administration time is 60 mins
earlier than in-hospital time.
Also bolus products assumed to
be given 20 mins earlier than
infused products.

Assumed pre-hospital administration
time is 60 mins earlier than in-
hospital time. Also bolus products
assumed to be given 15 mins earlier
than infused products.

Time-dependent

Assumption of 2 life-years

Boersma non-linear model of time

mortality gained per hour of reduced delay - efficacy assumed. This is
delay to thrombolysis. No combined with distribution of delay
functional model of time delay - | times to estimate mortality changes.
efficacy assumed. Delay times are represented in the
model in time bands.
Costing Costs only calculated for 30 Detailed costing model for 10 years.

days.
Costs not discounted.
List prices of drugs used.

All adverse events attributed the
same average cost.

Additional drug wastage cost
included to reflect 'saved doses'
for some patients with adverse
events.

Costs discounted at 6%.
List prices of drugs used.

Adverse events costed separately in
detail.

Long-term costs and events
differentiated for patients
with/without CHF, 