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Abstract: This study aimed to evaluate the long-term cost-effectiveness of ticagrelor plus aspirin versus generic clopidogrel
plus aspirin in acute coronary syndrome patients in Hong Kong (HK) from a public hospital’s perspective. The study has adapted
a previously developed two-component prediction model. The first component is a simple decision tree corresponding to the first
year. Afterwards events in the second year onwards were estimated using a state-transition Markov model incorporating the
potential of recurrent events such as myocardial infarction and strokes that could lead to death for estimating the long-term
economic and health outcomes measured as cost per quality-adjusted life year (QALYs). Kaplan Meier survival analysis was
employed to determine the risk of events. Probabilistic sensitivity analysis was used to estimate the probability of ticagrelor
being cost-effective. A cost-effectiveness acceptability curve was used to estimate the willingness-to-pay of patients. The use of
ticagrelor led to improved clinical outcomes by gaining additional life-years and QALYS over 5-year and lifetime time horizons.
The incremental cost-effectiveness ratio was above 1 Gross Domestic Product (GDP) per capita only for the 1-year results. By
replacing clopidogrel with ticagrelor for life-time, the incremental drug costs were offset by the substantial reduction in other
direct costs, leading to an overall cost-savings of HK 2,878 per patient. The probabilistic sensitivity analysis showed that
ticagrelor has 53.5% chance of being dominant and 34.7% being cost-effective at a threshold of 1 GDP per capita for Hong Kong.
A cost-effectiveness acceptability curve also showed that the willingness-to-pay for ticagrelor was 90% at 1 GDP per capita.
Ticagrelor plus aspirin appeared to be cost-effective over 5-year and life-time projection periods compared to clopidogrel plus
aspirin.
Keywords: Ticagrelor, Acute Coronary Syndrome, Health Utility Analysis, Simulation Model, Cost Per QALY

1. Introduction
Since 1960s, cardiovascular diseases have been the third
leading cause of death in Hong Kong [1]. Acute coronary
syndrome (ACS) is a broad term with a spectrum of clinical
presentations ranging from those for ST-segment elevation
myocardial infarction (STEMI) to presentations found in non–
ST-segment elevation myocardial infarction (NSTEMI) or in
unstable angina.

As per practice guidelines by the American College of
Cardiology/American Heart Association Task Force, in
patients with non-ST elevation acute coronary syndrome
(NSTE-ACS), initiation of dual antiplatelet therapy of the
combination aspirin and clopidogrel or aspirin and ticagrelor
is recommended for up to 12 months [2]. In Hong Kong,
similar guidelines are followed for the management of acute
coronary syndrome. Ticagrelor is an oral antiplatelet drug
indicated in patients with acute coronary syndrome to prevent
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thrombotic episodes.
The PLATelet inhibition and patient Outcomes (PLATO)
trial was a multinational, multicenter, double-blind,
double-dummy, randomized trial of 18,624 patients with
ST-segment elevation or non–ST-segment elevation ACS [3,
4]. Patients were randomized to treatment with clopidogrel or
ticagrelor after admission and within 24 hours of the acute
event. The study found that in acute coronary syndrome
patients initially intended for non-invasive management,
ticagrelor was shown to have achieved a clinically important
reduction in ischaemic events and mortality compared with
clopidogrel without increasing major bleeding. In addition,
the reduction of ischaemic events and mortality by ticagrelor
compared to clopidogrel was consistent in acute coronary
syndrome patients with non-ST elevation who did not actually
have revascularization. In a subgroup analysis on Asian
patients, there was no significant difference between Asian
and non-Asian patients [5].
Based on findings from the PLATO trial, several studies
have been conducted to assess the cost-effectiveness of
treating ACS patients with ticagrelor compared to clopidogrel
in Sweden, Germany, Canada, Thailand and Singapore [6-10].
Findings from all studies showed that a 12-month treatment
with ticagrelor was more cost-effective compared to treatment
with clopidogrel. However, cost effectiveness results across
countries cannot be easily generalized due to differences in
drug price, healthcare financing system, epidemiology and
demographics. In the present study, we aimed to evaluate the
short- and long-term cost-effectiveness of ticagrelor or
clopidogrel plus aspirin in patients with ACS in the public
sector of Hong Kong. The findings and the data generated
therefrom would in turn assist policy-makers in their
allocation of resources. The study was performed from the
public payer’s perspective.

2. Main Body
2.1. Methodology
2.1.1. Model for First Year
The present study has adapted a two-component prediction
model (Figure 1) developed by Nikolic et al. [6]. The first
component is a simple decision tree corresponding to the first
year. Afterwards events in the second year onwards were
estimated using a state-transition Markov model incorporating
the potential of recurrent event such as myocardial infarction
(MI) or stroke that could lead to death for estimation of the
long-term economic and health outcomes measured as cost per
quality-adjusted life year (QALYs).
Model inputs and the sources corresponding to the first year
following treatment are shown in Table 1, and those for
subsequent years are in Table 2 [6, 11-15]. In our analysis,
both clinical outcomes and resource counts were based on data
reported from the PLATO study as few local data was
available at the time of this study. The total health-care costs
per patient were used to estimate the mean per-patient
health-care cost for each treatment group. However, the cost

of rehabilitation was not included as part of resource use. The
daily drug price was multiplied by the number of days patients
were on the study drug. In order not to underestimate drug
costs with ticagrelor in the cost-effectiveness analysis, the cost
of study drugs was entered as a separate parameter and applied
as long as patients remained alive during the 12 months of
therapy. A cost of 75mg generic clopidogrel (HKD5.50 per
day, lowest available price at the time of study) and 180mg
ticagrelor (HKD22 per day) was applied. Patients’ life
expectancy was calculated using the Swedish Projected Life
Tables, 2010 – 2039 [16].
2.1.2. Markov Model for Long-Term Extrapolation
Outcomes from the second year onwards were extrapolated
with the Markov model, using results from the first year.
Direct health care costs were partially HK-specific and utility
data was adopted from published literature [17-21]. Time
horizons were set at 1 year, 5 years and patients’ lifetime.
To estimate long-term cost-effectiveness, the model was
used to estimate number of quality-adjusted life-year (QALY)
gained and cost of a non-fatal MI, a non-fatal stroke, or no MI
or stroke which occurred during the 12 months of therapy. No
treatment effect was incorporated in the model once patients
were no longer on the study medications; therefore, the
Markov model is identical for ticagrelor- and
clopidogrel-treated patients.
For patients surviving and not suffering a non-fatal MI or
stroke during the 12 months of therapy, the annual risks of
non-fatal MI and non-fatal stroke (transitions 1 and 2 in Figure
1) were estimated by extrapolating out the observed hazard
function of clopidogrel-treated patients in PLATO beyond 1
year of follow-up. The annual mortality risk (transition 3 in
Figure 1) in the no-event state was estimated using
age-speciﬁc mortality rates from Hong Kong life tables [22].
Similarly, survival after non-fatal events was modelled by
estimating the health hazard ratio (HR) corresponding to the
increased hazard of death following an MI or stroke relative to
standard mortality rates from life tables. Different estimates
were applied the ﬁrst year after a non-fatal event [non-fatal MI
state (transition 4 in Figure 1) and non-fatal stroke state
(transition 5 in Figure 1)] when compared with the second
year onwards [post-MI state (transition 6 in Figure 1) and
post-stroke state (transition 7 in Figure 1)]. long-term costs,
each state in the Markov model was assigned a cost estimate.
This data is summarized in Table 2 for estimation.
With reference to the no-event state, PLATO data was
analyzed to estimate the associated annual cost. The costs
associated with a non-fatal event in the Markov model
(non-fatal MI and non-fatal stroke states the ﬁrst year, and the
post-MI and post-stroke states the second year and onwards)
were derived from the literature [6, 9, 10].
Regarding long-term QALYs, the QALY estimate for
patients without an event in the PLATO study was applied in
the no-event state. The mean estimate of ticagrelor- and
clopidogrel-treated patients was applied for patients aged 70
years. As patients grow older in the model, a proportional
decrease due to age was applied [23].

International Journal of Health Economics and Policy 2020; 5(3): 63-71

For the non-fatal MI, non-fatal stroke, post-MI, and poststroke states, the decrements associated with the non-fatal MI
and non-fatal stroke clinical pathways in the PLATO study
were applied. The decrements were subtracted from the QALY
estimate applied in the no-event state in the model. The QALY
estimates for the long- term extrapolation are summarized in
Table 3.
For subsequent years, mortality rates were based on
HK-specific general population life tables, inflated by a
hazard ratio (from PLATO and published references relevant
to the nature of the state (no event, MI or stroke) and time
since the event (first year or second and subsequent years)
[11-13, 23].
2.1.3. Outcome Assessment
Health outcomes were estimated in terms of
quality-adjusted life years (QALYs). The primary outcome
measure was the cost per QALY gained. Therapy would be
considered cost-effective if the incremental cost-effectiveness
ratio (ICER) is below 1 Gross Domestic Product (GDP) per
capita based on the recommendation of WHO (i.e.
USD$43,700), 1US$=7.8HK$) [24]. Costs are expressed in
HK$ at 2016 prices. Both cost and effectiveness were
discounted at 3% per annum.
2.1.4. Event Risks, Costs and Quality of Life from the
PLATO Study
The risk of different clinical pathways, by treatment
strategy, was estimated for the 12 months of therapy as
reported in the PLATO study:
a. a non-fatal MI occurring before a potential non-fatal
stroke with no subsequent fatal event.
b. a non-fatal stroke occurring before any potential
non-fatal MI with no subsequent fatal event.
c. death occurring at any point in the study follow-up
d. no further event, which is one minus the combined risk
of the other three clinical pathways.
Kaplan Meier survival analysis was employed to determine
the risk of events, and the results of this analysis were
incorporated into the model [25]. Then, a best-fit parametric
time-to-event survival model with a Weibull distribution was
selected in order to determine the baseline risk (the risk of
clinical pathways in the clopidogrel group) and a hazard ratio
(the treatment effect of ticagrelor) was applied to the baseline
risk [26].
Survival models, i.e. Cox regression, were run to estimate
different baseline event rates (clopidogrel group) associated
with selected subgroups. As there was no statistically
signiﬁcant interaction for the primary endpoint between
treatment and the ﬁnal index hospitalization diagnosis
(P>0.41), between treatment and medical history of diabetes
mellitus (P>0.49), and between treatment and planned
treatment approach (P>0.88), the HRs for the overall
population were used to generate the event rates for
ticagrelor-treated patients.
The importance of this assumption for the ﬁnal results was
investigated in alternative scenarios. The estimated risk of
all-cause death for all ACS patients while on therapy was
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0.046 and 0.059 for ticagrelor- and clopidogrel-treated
patients, respectively. The corresponding risk of the MI
clinical pathway was 0.050 and 0.058 for ticagrelor- and
clopidogrel-treated patients, respectively. The risk of the
stroke clinical pathway was 0.010 for ticagrelor-treated
patients and 0.009 for clopidogrel-treated patients. The cost
estimates for the 12 months of therapy were based on the
resource use data from PLATO. Days on study drug, bed days
due to hospitalizations, investigations, interventions, blood
products and re-operations due to bleeding were recorded in
the trial.
2.1.5. Cost-Effectiveness Analysis
Costs and QALYs were calculated over a lifetime time
horizon and are presented as mean outcomes per patient. The
estimated mean costs and QALYs were combined to calculate
the incremental cost-effectiveness ratio (ICER) deﬁned as:
=
, where C is the estimated mean cost, E the
estimated mean QALYs, and the treatment strategies are
indexed T for ticagrelor and C for generic clopidogrel. A
probabilistic sensitivity analysis (PSA) was performed by
repeating 10,000 times the base case results and a
cost-effectiveness acceptability curve was drawn to assess the
probability of ticagrelor being more cost-effective than
clopidogrel for increasing ICER values to assist making
informed decision under different situations.
2.2. Results
2.2.1. Base-Case Analysis
The base-case results are presented in Table 3. Over a
lifetime horizon, the use of ticagrelor led to improved clinical
outcomes with a discounted survival of 13.08 QALYs per
patient in the ticagrelor treatment group compared to 12.91 in
the clopidogrel treatment group. This led to a gain of 0.17
QALY per patient (or a gain of 0.21 life year without
considering patient’s quality-of-life). By replacing generic
clopidogrel, despite its higher daily cost of HKD22 (USD2.8,
1USD=7.8HKD), ticagrelor was predicted to reduce direct
medical treatment cost by HKD2,878 (USD369,
1USD=7.8HKD) per patient over life-time. Over a 5-year
horizon, the use of ticagrelor also led to better clinical
outcomes by producing a discounted survival of 3.87 QALYs
per patient in the ticagrelor treatment group compared to 3.82
in the clopidogrel treatment group. This led to a gain of 0.046
QALY per patient (a gain of 0.051 life year without
considering patient’s quality-of-life). Yet ticagrelor is
expected to slightly increase direct medical treatment cost by
HKD288 (USD37, 1USD=7.8HKD) per QALY over 5 years.
Over 1-year time horizon, replacing generic clopidogrel by
ticagrelor could generate a discounted survival of 0.8399
QALYs per patient in the ticagrelor treatment group
compared to 0.8348 in the clopidogrel treatment group,
leading to 0.0051 QALY gained (or 0.0062 life year without
considering patient’s quality-of-life). Ticagrelor was expected
to incur an increase of direct medical treatment cost by
HKD2,490 (USD319, 1USD=7.8HKD) per patient in 1 year.
ICER values when clopidogrel was replaced by ticagrelor for
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long term were negative suggestive of ticagrelor being
dominant mainly driven by its long-term cost savings. ICER
values for 5 years were below the national threshold for
Hong Kong whereas ICER values for 1 year were above the
national threshold suggesting it may not be cost-effective.
2.2.2. One-Way Sensitivity Analysis
The sensitivity analyses indicated that the most influential
parameters to ICER were cost of no event within trial
(ticagrelor arm), cost of no event within trial (clopidogrel
arm), probability of MI within trial (clopidogrel arm), and
probability of MI within trial (ticagrelor arm) (Figure 2). The
cost-effectiveness results of the base-case analysis were
robust to plausible changes in the remaining input
parameters.
2.2.3. Probabilistic Sensitivity Analysis (PSA)
Results of PSA showed that 53.5% of the plots were in the
lower right quadrant suggesting that ticagrelor was dominant
over clopidogrel and a total of 88% of all plots fell below the
1 GDP threshold of HK336,500 suggesting ticagrelor had a
high probability to be cost-effective (Figure 3).
2.2.4. Cost-Effectiveness Acceptability Curve
Using HK336,500 (1 GDP for Hong Kong in 2016) as the
acceptability threshold, it was found that the probability of
ticagrelor being cost-effective was 90% (Figure 4).
2.3. Discussion
The current study adopted a previously published
economic prediction model for the estimation of the shortand long-term cost effectiveness of ticagrelor plus aspirin
versus clopidogrel plus aspirin which is the most commonly
used treatment for patients with ACS. Although the same
model was used in a number of similar studies in both
western and Asian countries which have demonstrated the
long term economic benefits by replacing clopidogrel with
ticagrelor, the results of the current study offer new
information in several areas. First, the current study
examined the cost-effectiveness of ticagrelor over a short and
medium term (1 and 5 years) as well as lifetime horizon
whereas the previous Asian studies mainly focused on short
term and life-time impacts. Our approach therefore provides
a better insight on spending of limited resources in a wiser
and evidence-based manner. Secondly, the study that was
carried out in Singapore was performed from the perspective
of only one general public healthcare institution whereas the
study perspective of the current study was specifically from
the Hospital Authority of Hong Kong, the single largest
public healthcare provider in the region. Hospital Authority
manages 43 public hospitals and institutions, 49 specialist
outpatient clinics and 73 general outpatient clinics [27]. In
addition, the healthcare financing system is unique for every
jurisdiction. Therefore, findings from the present study offers
new knowledge to the current pool for other countries in Asia
with a single-payer healthcare system such as Malaysia and
Indonesia. Thirdly, the findings of the present study are
different in terms of cost-effectiveness of ticagrelor from

those of other previous studies as our results suggested that
ticagrelor may not be cost effective in short term use but will
be cost effective if used in medium and long term.
Antiplatelet agents represent one of the high-spending
items in the government’s annual healthcare budget. Hence,
results from this study have high significance in terms of
healthcare budget consideration because the conventional
way of determining funding decision has always been mainly
based on clinical outcomes and very little consideration is
given to economic impact on a long-term basis. The results
of the present study suggest that ticagrelor, as measured by
$/QALY gained, is cost-effective both in medium and
long-term according to the WHO proposed standard despite
its much higher initial acquisition cost than clopidogrel.
This study also demonstrated that an economic prediction
model developed in overseas countries can be adopted in
local setting after some modifications in the early screening
process. The model should also be populated with as much
local data as possible in order to generate results that are
reflective of the local settings. The model used in this study
was also used in earlier studies in Singapore and Thailand,
results from these and the current were fairly consistent but
only the current study showed that potential savings was
possible in the long run.
When clopidogrel was replaced by ticagrelor, the
economic impact due to ticagrelor as measured by ICER is
likely to be cost-effective over 5 years and cost savings was
possible in long term estimation. It was a classic example in
which disease management using a new drug may be initially
more expensive due to high unit cost but may end up in cost
savings in the long run due to higher efficacy and/or better
safety profile and eventually a reduction in the cost of
management. It further implied that decision making should
not be made solely on the initial unit drug cost because many
new drugs can potentially lead to long-term healthcare
savings due to improved therapeutic effect and reduced
adverse reactions.
The one-way sensitivity analysis results suggest that the
ICER value was sensitive to occurrence of event and
probability of myocardial infarction within trial for both the
ticagrelor and clopidogrel arms. The implication of this
finding is important as the superiority of ticagrelor being more
cost-effective seems to be related to the cardiac status of the
patient. Hence using ticagrelor in patients who are more stable
are more likely to end up with cost-effective outcomes.
2.3.1. Limitations of the Study
There are a few limitations in the present study that would
warrant careful interpretation of our study results. These
include:
1) The efficacy of ticagrelor in preventing more deaths
compared to clopidogrel was extrapolated beyond the
1-year PLATO trial period due to a lack of local
relevant data. Hence further relevant evidence as time
progresses is required. It is thus important to perform
some post-market trials or observational studies after
ticagrelor has become widely used after its launch to
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substantiate the current claims.
2) In applying the model, it was assumed that ACS
patients in Hong Kong were treated in a similar manner
to those in PLATO study. However, this assumption
could also lead to potential bias and over estimation of
cost because randomized clinical trials are mostly
protocol-driven and hence patients enrolled in trials
tend to receive closer monitoring and hence compliance
is better when compared to those in real world clinical
setting.
3) The cost of clopidogrel used in the current study may
change as a number of generic forms of clopidogrel is
supplied by the public hospitals through tender
arrangements in Hong Kong. The current cost was only
a median cost of the available generics. Nevertheless,
due to the big difference in unit cost between ticagrelor
and generic clopidogrel, it is anticipated that the overall
conclusion of the study will remain unchanged.
Moreover, our one-way sensitivity analysis results did
not show cost of clopidogrel to be one of the most
sensitive parameters.
2.3.2. List of Abbreviations
1) ACS: acute coronary syndrome
2) GDP: Gross Domestic Product
3) HK: Hong Kong
4) ICER: incremental cost-effectiveness ratio
5) MI: myocardial infarction
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6) NSTE-ACS: non-ST elevation acute coronary
syndrome
7) NSTEMI: non–ST-segment elevation myocardial
infarction
8) PLATO: PLATelet inhibition and patient Outcomes
(PLATO) trial
9) PSA: probabilistic sensitivity analysis
10) QALY: quality-adjusted life year
11) STEMI: ST-segment elevation myocardial infarction
12) WHO: World Health Organization

3. Conclusion
The present study has generated evidence based on health
economic assessment that the treatment of ACS patients with
lifetime use of ticagrelor plus aspirin can potentially reduce
the cost of management and increase the efficiency due to
better health outcomes as compared with generic clopidogrel
plus aspirin. Our projection model shows that ticagrelor
therapy appears to be cost-saving both on medium- and
long-term assessment in the public healthcare sector of Hong
Kong. Hence it is important for both clinicians and budget
decision makers to include long term benefits in their
consideration instead of focusing on the drug’s immediate
budget impact. Our study results may also be generalizable to
other jurisdictions with a similar healthcare funding model.

3.1. Figure

Figure 1. Model Structure.
Markov model transitions in figure: (1) risk of non-fatal myocardial infarction for patients with no myocardial infarction (MI) or stroke in the PLATO study. (2)
Risk of non-fatal stroke for patients with no MI or stroke in the PLATO study. (3) Mortality risk for patients with no MI or stroke in the PLATO study. (4)
Mortality risk at the first year after a non-fatal myocardial infarction. (5) Mortality risk at the first year after a non-fatal stroke. (6) Mortality risk at second and
subsequent years after a non-fatal myocardial infarction. (7) Mortality risk at second and subsequent years after a non-fatal stroke.
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Figure 2. One-way Sensitivity Analysis.

Figure 3. Probabilistic Sensitivity Analysis.
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Figure 4. Cost-Effectiveness Acceptability Curve.

3.2. Table
Table 1. Data inputs for one-year decision tree model.
Parameters

Ticagrelor

Clopidogrel

Source

Probability
All-cause death

0.0462

0.0586

PLATO data [4, 5]

Nonfatal MI

0.0497

0.0575

PLATO data [4, 5]

Nonfatal Stroke

0.0096

0.0088

PLATO data [4, 5]

No event

0.8945

0.8751

PLATO data [4, 5]

All-cause death

114,102

115,587

Nickolic et al [6], Chin [10]

MI

158,186

160,671

Nickolic et al [6], Chin [10]

Stroke

136,269

138,760

Nickolic et al [6], Chin [10]

No event

83875

86366

Nickolic et al [6], Chin [10]

22.0

N/A

Current market price

N/A

5.5

Current market price

All-cause death

0.2473

0.2503

PLATO data [4, 5]

MI

0.8106

0.8136

PLATO data [4, 5]

Stroke

0.7349

0.7379

PLATO data [4, 5]

No event

0.8732

0.8763

PLATO data [4, 5]

Cost (HKS)

Daily cost of 180 mg
Ticagrelor
Daily cost of 75 mg
Clopidogrel
QALY
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Table 2. Data inputs for Markov model for long-term extrapolations.
Epidemiological parameters

Base-case value

Range for SA

Source

Annual risk of MI in the no event state

0.019

0-6%

PLATO data [4, 5]

Annual risk of stroke in the no event state

0.003

± 25%

PLATO data [4, 5]

Increased risk of death in the no event state

2

± 25%

Statistics Sweden [20]

Increased risk of death in the non-fatal MI state

6

± 25%

PLATO data [4, 5]

Increased risk of death in the post-MI state

3

± 25%

Assumption

Increased risk of death in the non-fatal stroke state

7.43

± 25%

Dennis et al. [11]

Increased risk of death in the post-stroke state

3

± 25%

Dennis et al. and Olai et al. [11, 12]

Annual cost in the non-fatal MI state (E)

94,886

± 50%

Vivian W. Lee [18]

Annual cost in the post-MI state (E)

86,710

± 50%

Vivian W. Lee [18]

Annual cost in the non-fatal stroke state (E)

101,998

± 50%

Elsie Hui [19]

Annual cost in the post-stroke state (E)

10,305

± 50%

Elsie Hui [19]

Annual cost in the no event state (E)

0

0

Assumption

Annual QALY weight in the non-fatal MI state age, 69

0.8748

± 10%

PLATO data [4, 5]

Annual QALY weight in the non-fatal MI state age 70–79

0.8430

± 10%

Burstrom and Rehnberg [21]

Annual QALY weight in the non-fatal MI state age. 79

0.7814

± 10%

Burstrom and Rehnberg [21]

Annual QALY decrement non-fatal MI state

0.0627

± 10%

PLATO data [4, 5]

Annual QALY decrement post-MI state

0.0627

± 10%

PLATO data [4, 5]

Annual QALY decrement non-fatal stroke state

0.1384

± 10%

PLATO data [4, 5]

Annual QALY decrement post-stroke state

0.1384

± 10%

PLATO data [4, 5]

Cost parameters

Utility parameters

Table 3. Base-case results.
Ticagrelor

Clopidogrel

Incremental

ICER

Costs

493,022

499,283

-6,261

Baseline

Life-years

15.8444

15.6380

0.2064

Cost-saving

QALYs

13.0881

12.9135

0.1746

Cost-saving

Costs

250,114

253,209

-3,096

Baseline

Life-years

4.4771

4.4256

0.0515

Cost-saving

QALYs

3.8752

3.8292

0.0460

Cost-saving

Costs

222,227

223,120

-893

Baseline

Life-years

0.9769

0.9707

0.0062

Cost-saving

QALYs

0.8399

0.8348

0.0051

Cost-saving

Lifetime

5 years

1 year

[3]
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