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ABSTRACT
Background: Dual therapy with aspirin and clopidogrel is the standard treatment for acute 
coronary syndrome (ACS). Dual antiplatelet therapy plays an important role in reducing major 
acute, short- and long-term adverse clinical outcomes. Currently, the economic evaluation of 
ticagrelor, a reversible and direct-acting oral antagonist of adenosine diphosphate receptor 
P2Y12 remains unknown.

Objective: To compare the annual cost of ticagrelor versus branded clopidogrel in patients with 
ACS from a Malaysian health care perspective.

Methods: The data required for this analysis was obtained from a 2007 study carried out by 
Fong et al. in ACS patients (n=57). Assumptions used for the present analysis were based on 
data from the Cardiac Rehabilitation Program (CRP) study, the Study of Platelet Inhibition 
and Patient Outcomes (PLATO) and the National Cardiovascular Disease ACS (NCVD ACS) 
registry of Malaysia. For all calculations, the Ringgit Malaysia (RM) currency and prices as of 
2007 were considered. 

Results: The cost of clopidogrel treatment in post-ACS patients for 30 days was calculated to 
be RM1,381,340 (n=2072; daily cost=RM5.50) and assuming treatment with ticagrelor, the 
cost would be RM1,554,000 (daily cost=RM8.70). Based on PLATO and NCVD ACS 2007, 
it was estimated that major adverse coronary event (MACE) in the form of unstable angina 
(UA) would occur in an additional 21 patients on clopidogrel, which could have been avoided 
with ticagrelor. Extrapolating cost data from CRP study, it was estimated that the annual costs 
for 21 additional cases of UA in terms of annual treatment and readmission would be more 
than RM400,000. Treatment with ticagrelor would thereby be associated with lesser number of 
MACE that can be translated in avoiding annual costs of treatment of UA and result in annual 
cost savings of RM238,856.

Conclusion: Although direct comparisons were not made, this analysis suggests that ticagrelor 
therapy may be a more cost-saving alternative to clopidogrel in Malaysian patients with ACS.
Keywords: ticagrelor, clopidogrel, acute coronary syndrome, cost analysis, major adverse 
coronary event
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INTRODUCTION
___________________________________________________________________________

Acute coronary syndrome (ACS) is an important cause of mortality and hospitalisation in 
Malaysia. It encompasses a range of ischaemic heart diseases, such as unstable angina (UA), non-
ST-elevation myocardial infarction (NSTEMI) and ST-elevation myocardial infarction (STEMI). 
It most commonly occurs due to the rupture, fissuring or ulceration of an atherosclerotic plaque 
along with thrombosis and coronary vasospasm (1). According to the National Cardiovascular 
Disease ACS (NCVD ACS) report 2007 and 2008, there were 2851 ACS-related admissions in 
Malaysia in 2008, of which 54% patients were admitted with STEMI, 23% with NSTEMI and 23% 
with UA. ACS was more common in males than females, with the former constituting 75% of 
the ACS-related admissions in 2008. The in-hospital mortality rate associated with ACS during 
the period from 2006 through 2008 was between 7% and 8% (2). In GRACE study, the median 
age of ACS patients; with STEMI was 64 years, with NSTEMI was 68 years, and with UA was 66 
years. However, in Malaysia according to NCVD ACS report for 2006, 2007, and 2008 the median 
age of ACS patients with STEMI, NSTEMI and with UA were same at 59 years suggesting that 
people are getting affected with ACS at an younger age when compared to developed countries. 
Hence, it is necessary to study different treatment patterns along with associated cost to develop 
cost analysis strategies for patients of different socioeconomic backgrounds in Malaysia (3).

Acute coronary syndrome is characterised by partial or complete blockage of epicardial coronary 
artery, which occurs due to a platelet-rich thrombus. Since the prognosis of the condition 
depends on the activity of platelets, dual antiplatelet therapy is considered necessary to avoid a 
repeat occlusion in the target vessel after a successful percutaneous coronary intervention (PCI). 
Until recently, aspirin and clopidogrel were the drugs forming the dual antiplatelet therapy. 
The antiplatelet activity of clopidogrel is dependent on the formation of the active metabolite 
from the prodrug. Various genetic or non-genetic factors influence this bioactivation, which 
takes place in two metabolic reactions in the liver. As a result, clopidogrel is associated with 
considerable interindividual variation in antiplatelet activity. Delayed and/or insufficient 
bioactivation causes low- or no-response, thereby leading to adverse cardiovascular outcomes, 
such as stent thrombosis, recurrent MI, or cardiovascular death (4). The limitations associated 
with clopidogrel therapy have opened avenues for new antiplatelet agents.

Ticagrelor, an oral and reversible inhibitor of the P2Y12 receptor, belongs to a novel chemical 
class called cyclopentyl-triazolopyrimidine (5). It is a direct acting agent and has a quicker 
and more predictable onset of action compared with clopidogrel (4,5). Also, the more rapid 
neutralisation of ticagrelor’s effect allows platelets to resume function more quickly (5).

The Study of Platelet Inhibition and Patient Outcomes (PLATO) was a multicentre, randomised, 
double-blind trial conducted in 18,624 patients to assess the superiority of ticagrelor over 
clopidogrel in the prevention of vascular events and death in patients who had ACS with or 
without ST elevation. This study demonstrated that treatment with ticagrelor was associated 
with a significant reduction in mortality from vascular causes, myocardial infarction, or stroke 
as compared with clopidogrel without an increase in the rate of overall major bleeding. However, 
an increase in the rate of non-procedure-related bleeding was noted with ticagrelor. Based on 
the PLATO trial, several subgroup analyses were conducted to evaluate the efficacy of ticagrelor 
in various patient populations. These analyses demonstrated beneficial effects of ticagrelor over 
clopidogrel in patients with STEMI referred for primary PCI, patients with diabetes, patients 
undergoing coronary artery bypass graft, and patients with chronic kidney disease. These results 
provided evidence for inclusion of ticagrelor in European Society of Cardiology guidelines for 
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ACS without ST elevation and myocardial revascularisation (6).

Economic analyses from the PLATO trial and other studies that compared ticagrelor with 
clopidogrel in patients with ACS, have suggested that ticagrelor therapy may be more cost-
effective than clopidogrel (7-10).

The present study was conducted to assess the cost savings of treatment with ticagrelor for 
30 days in Malaysian patients with ACS. This study seeks to supplement expert opinion with 
empirical data regarding the next potential alternative for antiplatelet therapy in ACS.

METHODS
The study had recruited consecutive patients admitted with ACS at Cardiac Tertiary Referral 
Centre (CTRC), Sarawak General Hospital, Malaysia (n=57), which is currently known as 
Sarawak General Hospital Heart Centre and at District General Hospital Sibu, Malaysia (n=32) 
from 1 October 2007 to 30 November 2007. All patients attended routine pre-scheduled 
outpatient follow-up 30-days after hospital discharge. For the purpose of this analysis, baseline 
characteristics and patient outcomes at 30 days were retrieved from this study.

ANALYSIS OF COST SAVING
The cost details captured for this analysis included costs of all medical and non-medical supplies 
and costs incurred from the perspective of the healthcare provider. For the purpose of this study, 
it was assumed that reducing the number of events (non-fatal myocardial infarction, non-fatal 
stroke, severe recurrent ischaemia, UA or other vascular causes) will ultimately reduce the 
overall cost of treatment. 

The incurred cost in treatment of a disease possibly indicates the disease burden and can be 
measured descriptively through a cost of illness study, which translates the entire burden of 
resources used in the treatment into a monetary value. Measuring the direct costs during 
hospitalisation and discharge would be the most ideal approach to identify direct economic 
burden to health care providers over a period of time. Based on the data obtained from 
Cardiac Rehabilitation Program (CRP) study, the rate of hospitalisation resulting from ACS 
was estimated (11). The direct medical costs were calculated by multiplying the number of 
interventions (drug doses, laboratory tests, procedures, consumables, medical equipments, and 
other investigations) with the cost per intervention. This direct medical cost correlates with the 
number of interventions necessitating hospital stay, clinical examination and also on the length 
of stay with each event of hospitalisation.

Several simplifying assumptions are made to maintain transparency in the model structure. Post-
ACS, a patient may be indicated for coronary artery bypass graft (CABG), elective surgery for 
PCI or medications. Prices as of 2007 are considered for calculations and the currency is Ringgit 
Malaysia (RM). The economic evaluations are done to compare the two-treatment strategies 
between those patients with clopidogrel and to those patients who could have been opted to 
ticagrelor as an alternative ADP inhibitor. The projected potential cost savings for treatments 
and expected health outcomes of MACE are obtained by comparing the two treatments option. 
All data used are based on a single clinical trial at Cardiac Tertiary Referral Centre and NCVD 
database, which are applied to compare the cost and consequences of treatments. Probability of 
switching to ticagrelor in cost evaluation strategies would help to estimate the exact cost saving 
in interventions and treatment options particularly in long-term disease management.
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Because a range of cost of treatments for ACS was used, there is inevitably some uncertainty 
in estimated costs incurred for interventions. Sensitivity analysis was therefore conducted. The 
effect of treatment of MACE, cost of interventions, total cost treatment and other key data in 
costs of managing ACS were tested.

RESULTS
For this analysis, data related to patients recruited only at CTRC Sarawak was considered as 
cost details were available only for this hospital. The baseline characteristics of these patients as 
collected in the study by Fong et al. have been outlined in Table 1 (12).

___________________________________________________________________________

___________________________________________________________________________

ACS, acute coronary syndrome; CAD, coronary artery disease; CTRC, Cardiac Tertiary Referral Centre. 

This study provided information on the occurrence rate of major adverse coronary events 
(MACE) during the first 30 days post ACS. In this study that based on our local setting, we 
extracted and applied relevant information on cardiovascular death rate and UA incidences 
unto NCVD ACS database. Among the 57 patients recruited, 7 had a MACE; of which, 4 were 
cardiovascular deaths and 3 were UA (Table 2). This fraction 4 over 7 (4/7 MACE) can be 
related to a similar approach presented in NCVD ACS where cardiovascular death rate was 
10%. Similarly, UA was seen in a fraction of 3 over 7 MACE or corresponding rate 7.5% MACE 
in ACS patients post admission in 30 days. Thus, the prevalence rate of total MACE as estimated 
from NCVD ACS 2007 was 17.5% (12).

___________________________________________________________________________

___________________________________________________________________________

CTRC, Cardiac Tertiary Referral Centre; MACEs, major adverse cardiovascular events.

Table 1: Baseline characteristics of patients with ACS admitted to CTRC Sarawak General 
Hospital, Malaysia

Table 2: Patient outcome at 30 days

Male
Age (mean, years)
Ethnic Origin
     Malay
     Non-Malay Bumi
     Chinese
Diabetes
Hypertension
Smoking (30 days)
Dyslipidaemia
Family history of CAD

CTRC
Inpatient mortality
30-day MACEs
Inpatient angiography
Outpatient, elective angiography

n=57
41

58 ± 13

23
12
22
19
37
14
16
7

n=57
4
3
28
5

Percentage
71.9

40.4
21.1
38.6
33.3
64.9
24.6
28.1
12.3

Percentage
7.0
5.7
49.1
8.8
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From the NCVD-ACS report 2007 and 2008, it was extrapolated that 65% of all patients with 
ACS who were admitted for treatment, received a daily maintenance dose of an adenosine 
diphosphate (ADP) antagonist with or without a loading dose (2). It was assumed that the ADP 
antagonist given to patients was clopidogrel as during that period the evidence recommended 
clopidogrel and it was also the only standard drug available (13, 14).

According to the NCVD ACS registry, there were 3,646 cases of ACS in 2007 (2). Of these 
patients, 2,072 fulfilled the inclusion criteria used in the PLATO study and were used for all cost 
calculations in this analysis. The daily cost of ticagrelor was higher compared with clopidogrel 
(RM8.70 vs. RM5.50, respectively). The 30-day drug cost of clopidogrel treatment in Malaysian 
patients with ACS was calculated to be RM1,381,340. Using the same pool of patients and 
assuming that ticagrelor was used instead of clopidogrel, the corresponding costs of treatment 
with ticagrelor would be RM1,554,000. The difference in the costs of the two treatments would 
be RM172,660 higher for ticagrelor.

The PLATO study demonstrated that there was a relative risk reduction (RRR) of 12.2% in the 
primary event, favouring the ticagrelor arm at 30 days. The estimated MACE from NCVD ACS 
2007 was 17.5% and the rate of MACE could have been reduced to 15.4% if all the ACS population 
in 2007 were treated with ticagrelor. Based on this information, it is estimated that 158 patients 
were having MACE when using clopidogrel and only 137 MACE when using ticagrelor.

Thus, there were 21 additional cases of readmission due to UA with clopidogrel treatment 
(Figure 1).

To calculate the costs of readmission and management of 21 patients with UA, data from CRP 
study was used. According to CRP study (11), the total direct cost for patients undergoing 
CABG during the subsequent 12-month follow-up period was estimated to be a median value 
of RM53,562 and the cost for patients on inpatient coronary angiography during the subsequent 
12-month follow-up period was a median value of RM16,620 which was three times less than 
patients who had undergone CABG (15). Activity based costing (ABC) method was used to 
determine the direct cost including consumables, medications and all other operational costs 
associated with treatment. However, indirect cost was not considered to determine the cost for 
treatment. (Table 3)

Figure 1: Schematic representation of treatment options for unstable angina and 
probabilities of clinical outcomes

CABG, coronary artery bypass graft; PCI, percutaneous coronary intervention; UA, unstable angina.

21	patients	with UA
57.9%

1/3

1/3

1/3

40.1%

Readmission
n=13

PCI
n=5

CABG
n=5

Without intervention
n=3

Follow-up
n=8

Outpatient
treatment
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___________________________________________________________________________

___________________________________________________________________________
ACS, acute coronary syndrome; CABG, coronary artery bypass graft; PCI, percutaneous coronary 
intervention; RM, Ringgit Malaysia; UA, unstable angina
‡   Drug prices based on 2007 market pricing.
†† Cost of pharmaceutical expenditure during admission for quasi-experimental design in CRP study 	
     (n=104). Only clopidogrel (Plavix®) was available and indicated for this ACS group.

Translating the findings from the study by Fong et al., of the 21 patients readmitted with UA, 
as high as 57.9% (13 patients) would be planned for or underwent PCI or CABG within 30 
days. It was assumed that an approximately equal number would undergo PCI with drug eluting 
stent (1/3×13 ≈ 5 PCI procedures), and CABG (1/3×13 ≈ 5 CABG) and the rest would be on 
optimal medical therapy alone. Therefore, the estimated annual costs for 21 cases of UA in terms 
of re-admissions and treatment would cost the health care provider more than RM400,000. 
Although the daily cost of ticagrelor treatment is higher, it is associated with lesser number 
of readmissions when compared with clopidogrel, thereby resulting in annual cost savings of 
RM238,856 (Table 4).

___________________________________________________________________________

___________________________________________________________________________

Table 3: Estimate direct cost of treatment for ACS patients in clopidogrel group

Per patient cost of drugs during admission for ACS, median 
(range) ††

Estimated per patient cost of optimised medical therapy in a 
year, median (range) ††

From health care perspective the annual estimated direct costs 
per patient for those undergoing CABG, median (range)

From health care perspective, the annual estimated direct 
costs per patient for those undergoing PCI, median (range)

Clopidogrel group
(CRP study, n=104) ‡

RM 1,078.45 (95.44–13,559.11)

RM 2,731.91 (1,365.26–5,976.96)

RM 53,562.25 (46,538–61,542)

RM 16,620 (4,565–9,182.68)

Table 4: Distribution of the number of long-term prescription medications. (A) Daily cost 
of ADP inhibitors doses per day; (B) estimated cost of medical therapy in 30 days with 
ADP inhibitors; (C) estimated cost of medical therapy for 2,072 patients from NCVD 
registry; (D) the differences in 30 days between the two groups; (E) projected clinical 

outcomes (MACE) and cost incurred annually after 30 days treatment

(A) Daily cost of ADP inhibitors ‡

(B) Estimated per patient cost of medical 
therapy for first 30 days after discharge†

(C) Estimated cost of medical therapy for 2,072 
patients from NCVD ACS database in first 30 
days after discharge#

(D) Difference in cost of ADP antagonist 
therapy for 30 days (b-a)

(E) Estimated total costs incurred for treatments 
and interventions of 21 patients with UA 

Clopidogrel group††

RM 5.50 per day

RM 666.67

RM 1,381,340 (a)

 
RM 411,516* (d)

Ticagrelor

RM 8.70 per day

RM 750

RM 1,554,000 (b)

 
-

Ticagrelor

RM 172,660 (c)
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NCVD, National Cardiovascular Disease; UA, unstable angina; PCI, percutaneous coronary intervention; 
RM, Ringgit Malaysia; $, United States dollar.
‡ Drug prices based on 2007 market pricing.
† The average medical cost per patient for ACS in first 30 days treatment with clopidogrel was $194.36     	
   ($1= RM3.43).
* Approximately higher numbers of patients undergo medical therapy, but equal numbers undergo PCI 	
   and CABG. 

One-way sensitivity analyses were performed by changing estimated costs within a range of 
potentially reasonable values all treatment options (CABG, PCI or medication alone) and 
evaluating whether changes in treatment options of 21 patients with UA modify incurred cost. If 
total CABG intervention at that year escalates, the total incurred cost of treatment will definitely 
increase. It can be clearly seen that the overwhelming majority of simulation results are located 
above of RM400,000. The maximum estimated total incurred cost of treatments could reach to 
RM1.2 million. The analysis showed that even if we decrease the number of major intervention 
like CABG, it would not extensively decrease the cost of treatments of MACE. This reflects the 
significance of using ticagrelor and suggests a high probability of cost avoidance in the treatment 
of MACE (Figure 2). 

Figure 2: Sensitivity analysis: Influence of increase option of CABG in the total cost 
incurred in treatment of MACE.

Changes in number of CABG intervention
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DISCUSSION
Acute coronary syndrome, which was initially associated with developed countries, is on the rise 
in Asia-Pacific countries, including Malaysia (16, 17). In order to reduce the risk of developing 
ACS and control the associated burden, a comprehensive action plan is required. To this end, the 
NCVD ACS registry was established in 2006, to capture data of ACS patients in Malaysia (17). 
According to the NCVD ACS report 2007 and 2008, ACS is affecting the Malaysian population 
at a much younger age (<50 years) when compared with findings from GRACE. During the 
period from 2006 through 2008, ACS was associated with in-hospital mortality rates between 
7% and 8% (2).

The availability of newer therapies has provided more alternatives to treating physicians. 
However, physicians must be armed with sufficient knowledge regarding new drugs in order to 
ensure their optimal usage. This includes not only clinical data regarding the efficacy and safety 
of the drug, but also data on its cost-effectiveness. This helps in efficient utilisation of the limited 
health care resources available (18).

Cost analyses based on the PLATO trial have been conducted to determine the cost-effectiveness 
of 12-month ticagrelor treatment in patients with ACS as compared with clopidogrel (7,8). In 
one such analysis conducted by Nikolic et al., ticagrelor treatment was associated with a quality-
adjusted life years (QALYs) gain of 0.13 and increased costs of €362, yielding a cost per QALY 
gained of €2753 as compared to generic clopidogrel. The cost per life year gained was €2372. 
The price of generic clopidogrel considered was €0.06 per day (lowest available price as of July 
2011) and that of ticagrelor was €2.21 per day (reimbursed price in Sweden). The cost analysis of 
ticagrelor was uniform across all subgroups of ACS patients—those with UA, STEMI, NSTEMI, 
and those planned for invasive management. The study concluded that the cost per QALY gained 
with ticagrelor treatment in patients with ACS for a 12-month period is within the usually 
accepted levels for cost-effectiveness (8). Another analysis based on the PLATO trial published 
previously had shown similar results. The price considered for clopidogrel and ticagrelor for this 
study was €0.17 per day and €2.25–3.50 per day, respectively (7).

The absence of similar data for countries in Asia, prompted Chin et al. performed a cost-
effectiveness analysis of ticagrelor treatment in patients with ACS in Singapore. This study 
was based on data obtained from the PLATO trial. The daily cost of clopidogrel and ticagrelor 
considered was 1.05 and 6.00 Singapore Dollar ($), respectively. The QALY gained with ticagrelor 
was 0.13 at a lifetime incremental cost of $1328, yielding a cost per QALY of $10,136. The study 
demonstrated that even after considering the low willingness-to-pay threshold in Singapore 
according to World Health Organisation standards, 12-month treatment with ticagrelor in 
patients with ACS is likely to be favorable. The lower hospitalisation-related costs with ticagrelor, 
mainly lower bed-days and lesser interventions, compensate partly for the higher drug cost of 
ticagrelor (18).

These results are similar to the results obtained in our study. Our study also demonstrates that 
in Malaysia, treatment with ticagrelor can result in annual cost savings of RM238,856 when 
compared with clopidogrel. Although there are short-term cost savings with clopidogrel, the 
trend clearly shows that readmission rates are higher, thereby increasing the overall cost of 
treatment and cost burden in managing patients in acute setting.

To our knowledge, this cost analysis is the first of its kind to evaluate the cost of ticagrelor 
compared with clopidogrel in Malaysian patients with ACS. It was carried out to supplement 
the clinical data on ticagrelor use in Malaysia. It was based on treatment outcomes of ticagrelor 
from the PLATO trial, prevalence of ACS in Malaysia from NCVD ACS registry and treatment 
outcomes of clopidogrel in Malaysian patients from a 2-month study in CTRC Sarawak. We
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hope that this study will provide a basis for future studies that will estimate the cost saving of 
ticagrelor by its actual use in Malaysian patients with ACS. Such studies will help guide hospitals 
and physicians to make informed decisions regarding the usage of ticagrelor in patients with 
ACS. 

LIMITATION
This study has certain limitations. It is limited to a single centre; however, the results are likely 
to be relevant to cardiac centres outside the state also in terms of intended management strategy 
(i.e., medical, interventional, or surgical) and clinical events (19, 20). Certain assumptions, 
which were made for this study, may affect the robustness of results. Also, clinical outcomes of 
ticagrelor treatment were adapted from the PLATO study and extrapolated to the Malaysian 
population. This may again affect the results of our analysis as treatment outcomes may vary in 
different populations. 

It is also likely that the incurred costs for treatments and interventions for ACS were 
underestimated in this analysis as only the perspective of the healthcare providers’ was 
considered. A complete overview of the cost of ticagrelor treatment in patients with ACS could 
have been obtained, only if we could measure the costs incurred from the societal perspective. 
In addition, data for this analysis was retrieved from two clinical studies conducted at our 
local setting and the costs per survivor for post-ACS participants were estimated manually 
from the anticipated records as the case note, prescription profile, laboratory investigation, 
and other relevant documents. The cost of branded clopidogrel was considered for this 
analysis because only the branded drug was available in Malaysia in the year 2007. This might 
have implications on the cost savings derived from ticagrelor treatment in this analysis. 

CONCLUSION
In this analysis, a formal link was established between measures of costs and outcomes of ticagrelor 
therapy, although direct comparisons cannot be made. This economic analysis suggests that 
ticagrelor therapy may be a more cost-saving alternative to clopidogrel in Malaysian patients 
with ACS. However, a head-to-head comparison in larger population may be required to further 
validate the findings of this study.
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