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ABSTRACT

Background: Statins are the mainstay drugs that are widely used to lower lipid levels among patients with cardiovascular
diseases. Cost-effectiveness is questionable among branded and generic market products.

Aim: The study aims to evaluate the efficacy and cost-effectiveness of the branded and generic rosuvastatin products
available in the Egyptian market.

Patients and methods: Ninety patients with stable coronary artery disease (low to intermediate risk [ zero according
to treadmill duke score risk stratification) were divided (1:1:1) to either receiving the brand-name rosuvastatin or one
of the two generic rosuvastatin medicines. LDL-C, total cholesterol, triglycerides, HDL-C levels and liver enzymes
were tested at the enrolment and after 6 months. Major Adverse Cardiovascular Events (MACE) were monitored
during the follow-up period. Average cost-effectiveness ratio and Incremental Cost-Effectiveness Ratio (ICER) were
estimated for branded versus each generic. The output of ICERs was the percentage reduction in LDL-C.

Results: After 6 months of statin treatment initiation, all lipid parameters were reduced significantly compared with
baseline levels. There was a significant difference in LDL-C reduction between the branded and generic groups
(P<0.01) but insignificant differences were reported in triglycerides levels (P=0.731) and HDL (P=0.167) among the
three groups. All three statins were safe concerning liver enzymes and no observed major adverse cardiovascular
events. Incremental cost-effectiveness ratios of the branded versus each generic were 157.7 and 62 Egyptian pounds
per additional 1% decrease in LDL-C.

Conclusion: Despite the higher lipid-lowering efficacy of the branded rosuvastatin, the lower cost of generic
medicines can be beneficial in certain patients.
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INTRODUCTION Patients with Stable Coronary Artery Disease (SCAD) are at high

_ ' ) ) risk of recurrent cardiovascular events [4]. Atorvastatin, pravastatin,
Coronary Artery Disease (CAD) is deemed the major leading

reason for death globally [1]. More than 500,000 deaths from CAD
is accounted for the united states [2]. The WHO report published
in 2017 has shown that deaths resulted from coronary heart disease
in Egypt reached 126,312 or 24.58% of total deaths. Also, it has
been demonstrated that cardiovascular diseases are the main cause
of death in Egypt as it accounts for 46% of total deaths [3].

simvastatin, and rosuvastatin are the available statins, of which the
superiority of rosuvastatin in LDL-C, total cholesterol reduction
and reaching LDL-C goals has been proven [5,6]. Rosuvastatin is
also the cost-effective choice compared to simvastatin, atorvastatin,
pitavastatin and pravastatin in patients with high, moderate
and low-risk patients [7-9]. Generic statins had been approved

depending on their bioequivalence with branded drugs [10].
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The current study aims to evaluate the efficacy and the cost
effectiveness of the brand-name and generic rosuvastatin in
patients with stable coronary artery disease (low-intermediate
risk = zero according to treadmill duke score risk stratification of
cardiovascular events.

MATERIALS AND METHODS

Study patients

This pilot study was approved by the Commission on the Ethics of
Scientific Research, Faculty of Pharmacy, Minia University. Out of
600 patients who underwent treadmill stress test to rule out CAD
at the cardiology department, Minia University Hospital from
September 2018 to December 2019, 90 Egyptian male and female
subjects aged 40-71 years were eligible for the study. The inclusion
criteria involved patients with SCAD [low to intermediate risk >
zero according to treadmill duke score risk stratification [11] who
had at least moderate physical fitness, no disabling comorbidities,
no resting ECG changes and did not receive any lipid-lowering
agents before enrolment. Informed consent was received from all
the patients before the enrolments, then they were subjected to
follow-up period for 6 months. Indication for coronary angiography,
history of coronary intervention or coronary bypass graft surgery,
hepatic dysfunction, moderate to severe renal impairment with
creatinine clearance [ 60 ml/min using Cockcroft-Gault formula

were the exclusion criteria.

Study design

Ninety patients were split into 30 patients in each group of the
generic rosuvastatin; Novistoric 20 mg (group II), Epirovastin 20
mg (group III) and the brand-name rosuvastatin Crestor 20 mg
(group I). All patients received 20 mg of each rosuvastatin once

daily in the evening for 6 months.

Patients were subjected to

General and local cardiac examination: Full detailed clinical
evaluation including full analysis of the chest pain, risk factors of
CAD, history intervention or CABG and history of other system
affection, general and local examination were done.

Transthoracic Echocardiogram: Transthoracic Echocardiogram
examinations were performed by using general electric vivid 3
ultrasound. The measurements represented a mean of at least three
consecutive cardiac cycles. Assessment of Left Ventricular Ejection
Fraction (LVEF) was performed by M-mode method. Doppler and
colour flow across the different valves were assessed.

Stress ECG (Treadmill Stress Test): Patients were subjected to
exercise testing according to standard Bruce protocol; resting
heart rate, blood pressure measurements and 12-lead ECG were
examined before exercise. All subjects performed exercise testing
till the endpoints of severe fatigue, limiting angina, serious
arrhythmia or ST-segment deviation (depression or elevation).
Exercise time in (min) was defined as the duration of exercise for
patients performing this protocol [11].

Duke treadmill score equation: The equation used for the Duke
Treadmill Score (DTS) calculation is DTS = exercise time - (5X ST.
deviation) - (4X exercise angina) where zero indicates no angina
during exercise, 1 is non-imiting angina, 2 indicates exercise
limited angina. Score typically ranges from -25 to +15 these values
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were corresponding to low risk (with a score of = 5), intermediate-
risk (with a score ranging from +4 to -10) and high risk ( with a
score of <-11) [12].

Lab Investigations: Fasting and 2-hour postprandial blood glucose,
renal function, serum creatinine level, creatinine clearance
(CrCl) (Cockeroft-Gault Formula), liver enzymes (Serum alanine
aminotransferase (ALT) & Serum aspartate aminotransferase
(AST), abdominal ultrasound were done.

Lipid Profile: Lipid profile; Total Cholesterol TC (mg/dl),
Triglycerides TG (mg/dl), Low-Density Lipoprotein LDL-C (mg/
dl) and High-Density Lipoprotein HDL-C (mg/dl). All parameters
of liver function tests and lipid profile were done using a fully
automated clinical chemistry auto-analyser system Kone Lab 60i
(Thermo electron incorporation, Finland). LDL is evaluated by
friedewald formula unless the triglycerides level was above 400 mg/

dr[12].

Patients' Monitoring and Follow-Up

The study group participants were followed-up every month for
six months in the outpatient cardiology department and were
also interviewed weekly through telephone calls during the follow-
up period. The follow-up evaluation included a medical history
review concerning any major cardiovascular events ( hospitalization
by acute coronary syndrome either MI or unstable angina,
Percutaneous Intervention (PCI), Coronary Artery Bypass Grafting
(CABG), stroke or any other cause of mortality) and any other side
effects (abdominal pain, headache, stomach ache, muscle pain and
nausea). Physical examination included blood pressure and ECG
was done besides assessment of any medical therapy updated.

Costs Analysis: Consistent with the analysis perspective, the direct
medical costs of lipid-lowering therapy were included in the analysis.
Six months total cost of each treatment was estimated based on the
direct medical and non-medical cost incurred throughout the study.
They have included the cost of each rosuvastatin product used by
one patient and the estimated costs of outpatient clinic visits and
laboratory monitoring per patient. The Average Cost-Effectiveness
Ratio (ACER) was calculated by dividing the six months total cost
of each treatment by the percentage reduction in total cholesterol
and LDL-C for each patient. The ratio demonstrated the cost per
1% reduction in total cholesterol and LDL-C level. The output
of the Incremental Cost-Effectiveness Ratio (ICER) was total cost
and the average percentage change in LDL-C. The incremental
cost-effectiveness ratios were calculated for brand-name versus each
generic rosuvastatin.

The estimated costs in dollars are calculated depending on the
average exchange rate in 2018-2019=17.3 Egyptian pounds.

Statistical Analysis: The collected data was revised, coded,
tabulated and introduced. Data analysis was done using SPSS
program (Statistical Package for Social Sciences) software version
25. Continuous variables are expressed as mean and standard
deviation for normal distribution or as a median and interquartile
range for skewed distribution. Categorical data are expressed as
number and percentage. For continuous data One Way ANOVA
test followed by Post Hoc test or Kruskal Wallis test followed by
Mann Whitney test were used for comparison between groups.
Paired Sample T-test or Wilcoxon Signed-Rank test was used for
comparison between the two times within the same group.
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RESULTS

Demographics and Baseline Characteristics

The present study included 90 patients. The demographic
characteristics, risk factors and the anti-ischemic medications of the
study groups were summarized in Table 1. There was no significant
difference between the three study arms in baseline levels in
both lipid parameters (total cholesterol, triglycerides, HDL and
LDL) and liver enzymes (alanine aminotransferase and aspartate
aminotransferase), as shown in Table 2.

Efficacy Analysis

Table 3 shows the percentage changes in lipid profile parameters
including total cholesterol, triglycerides, HDL and LDL in each
arm of the three study arms after 6 months of treatment. The lipid-
lowering percentage was higher in the brand name Crestor 20
mg group when compared with two generic groups. The analysis
revealed that there was a significant difference in the reducing
percentage of LDL-C between the two generics rosuvastatin
groups; group Il and group III [P*=0.022] and between the two
generics rosuvastatin (group II and group III) when compared
with the brand name group I as well [P**=0.041] and [P***<0.001]
respectively. The decrease in the percentage of triglycerides and the
increase in the percentage of HDL-C were insignificantly different

between the three groups (P=0.731) and (P=0.167) respectively.
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Safety Analysis

Table 4 shows the percentage of increase in liver enzymes in the
three study groups. The changes in the three study arms in both
AST and ALT post-treatment were not clinically significant as they
were within the normal ranges and did not indicate for either dose
adjustment or treatment discontinuation.

Patients Monitoring and Follow-Up during the Study Period

No Major Adverse Cardiovascular Events (MACE) which were
noted throughout the 6 months follow-up period.

Cost analysis

The total costs were 2254 Egyptian pounds for Crestor 20 mg/
day, 849.6 Egyptian pounds for Novistoric 20 mg/day and 833.57
Egyptian pounds for Epirovastin 20 mg/day (Table 5).

The cost-effectiveness analysis revealed that Novistoric 20 mg/
day has the least cost 28 Egyptian pounds per percentage point
decrease in LDL-C followed by Epirovastin 20 mg/day as it costs 51
Egyptian pounds while the brand-name costs 57.5 Egyptian pounds
(Table 6).

Crestor has incremental cost 1404 Egyptian pounds per patient
with incremental effectiveness of 1% reduction in LDL-C,
providing ICER of 157.79 Egyptian pounds per additional 1%
reduction in LDL-C compared to Novistoric 20 mg. however, it
has an incremental cost 1420.4 Egyptian pounds per patient with
incremental effectiveness of 1% reduction in LDL-C, providing

ICER of 62 Egyptian pounds per additional 1% reduction in
LDL-C compared to Epirovastin 20 mg (Table 7).

Table 1: The demographic characteristics, CAD Risk factors and the anti-ischemic medications used among the studied groups.

Group 1 Group 11 Gl:OUp H.I
Crestor 20 Novistoric 20 Epirovastin P-value
Parameters restor mg ovistoric mg 20 mg
N=30 N=30 N=30
Mean (43-70) (41-71) (40-70)
Age SD 56.7 8.1 551 +8.5 543492 0.551
S Male 17(56.7%) 20(66.7%) 16(53.3%) 0551
x Female 13(43.3%) 10(33.3%) 14(46.7%) :
No 1(3.3%) 3(10%) 4(13.3%)
HTN Yes 29(96.7%) 27(90%) 26(86.7%) 0.522
No 22(73.3%) 24(80%) 25(83.3%)
bM Yes 8(26.7%) 6(20%) 5(16.7%) 0.627
ook No 25(83.3%) 26(86.7%) 27(90%) 0975
moking Yes 5(16.7%) 4(13.3%) 3(10%) :
Range (24-43) (22.4-43) (24-44.5)
BMI Mean + SD 31345 32.2+5.8 30.9 + 5.4 0.638
. Range (86-120) (80-132) (70-124)
AWalsECiEcumiSrence Mean + SD 94.6 + 7.9 99.1 + 13 93 + 10.4 0.076
- No 0(0%) 0(0%) 0(0%)
SpIrinC Yes 30(100%) 30(100%) 30(100%)
Betablock No 1(3.3%) 1(3.3%) 2(6.7%) )
crasblockers Yes 29(96.7%) 29(96.7%) 28(93.3%)
No 20(66.7%) 19(63.3%) 17(56.7%)
ACEI Yes 10(33.3%) 11(36.7%) 13(43.3%) 0.718
, o No 27(90%) 27(90%) 25(83.3%)
Trimetazidine Yes 3(10%) 3(10%) 5(16.7%) 0.780
Nicorandil No 30(100%) 29(96.7%) 29(96.7%) .
feorand Yes 0(0%) 1(3.3%) 1(3.3%)

HTN: Hypertension; DM: Diabetes Mellitus; BMI: Body Mass Index; ACEIL: Angiotensin-Converting Enzyme Inhibitors.
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Table 2: Baseline levels of lipid parameters and liver enzymes among the study groups.

Group (1) Group(II) Group(I1I)
Pretreatment Crestor 20 mg Novistoric 20 mg Epirovastin 20 mg Povalue
N=30 N=30 N=30
Range (168-281) (158-305) (163-275)
Total cholesterol Mean + SD 2276 £31.7 217 +34.7 2145336 0273
) . Range (75-308) (69-236) (60-228)
Triglycerides Mean + SD 152.5 +52.5 135 + 41.6 142.4 +51.3 0384
Range (30-60) (30-58) (33-60)
HDL Mean +SD 42.33 £ 8.34 45.8 + 7.88 45.83 + 7.86 0.159
Range 104-204) (111-229.2) (112-201)
LbL Mean +SD 154.8 + 27.8 144.2 + 30.5 140.4 + 27.8 0138
) ) 20 20.5 21.5
Aspartate aminotransferase Median (IQR) (16.5.24.8) (17.830.3) (17.5.27) 0.598
. . . 19.5 19 17
Alanine aminotransferase Median (IQR) (14.5.22) (13.829.3) (11.824) 0.412
HDL: High-Density Lipoprotein; LDL: Low-Density Lipoprotein; SD: Standard Deviation; (IQR): Interquartile Range.
Table 3: The percentage changes in lipid parameters after 6 months.
Group 1 Group II Group II1
Parameters Crestor 20 mg Novistoric 20 mg Epirovastin 20 mg P* ) i P
N=30 N=30 N=30
o . 28.8 20 10.8
Total cholesterol, % Median (IQR) (2531) (8.330.8) (9.4.17.6) 0.112 0.023 <0.001
18.7 15 15
. o .
Triglycerides,% Median (IQR) (15.420) 4.330.3) (5.132.8) 0.728 0.468 0.584
High-density lipoprotein ) 4.7 8.4 71
(HDL), % Median (IQR) ©10) ©14.3) (3.2.12.9) 0.766 0.109 0.098
Low-density lipoprotein ) 39.2 30.3 16.3
(LDL).% Median (IQR) (34.345) (13.944.4) (11.826.3) 0.022 0.041 <0.001
P*: Pvalue between groups (II & III); P**: Pvalue between groups (II & I); P***: P-value between groups (III & I).
Table 4: Percentage changes in aspartate aminotransferase (AST) and alanine aminotransferase (ALT).
Group 1 Group 11 Gt:oup H,I
L. Epirovastin
Parameters Crestor 20mg  Novistoric 20mg 20mg Pl Pl Pl
N=30 N =30 N=30
Median 0 8.6 7.5
0,
AST,% (IQR) (0.0.8) (0-18.5) (0-15.4) 0.757 0.001 0.001
Median 8.2 7.3 14
ALT,9 142 .81 .02
% (IQR) (0-13.6) (0-29.8) (7.9-30.4) 014 0-810 0-024

P*: Pvalue between groups (Il and III); P**: Pvalue between groups (Il & I); P***: Pvalue between groups (III & 1), AST: Aspartate Aminotransferase;
ALT: Alanine Aminotransferase; (IQR): Interquartile Range

Table 4: Percentage changes in aspartate aminotransferase (AST) and alanine aminotransferase (ALT).

Type of cost Crestor 20 mg, Cost Novistoric 20 mg, cost Epirovastin 20 mg, cost
Outpatient visit 10 10 10
Total visits/6 month 60 60 60
Laboratory investigations
Total Cholesterol 20 20 20
Total cost (pre &post treatment) 40 40 40
LDL 20 20 20
Total cost (pre &post treatment) 40 40 40
Liver enzymes 80 80 80
Liver enzymes pre & post treatment 160 160 160
Drug cost/ 6months 1954 549.6 533.57
Total cost (Egyptian pounds) 2254 849.6 833.57
Total cost ($) 130 49 48

LDL: Low-Density Lipoprotein; $: Dollars
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Table 6: Costs and average cost-effectiveness ratio (ACER) in terms of 1 % reduction in LDL-C and total cholesterol.

Costs Average A ffecti
effectiveness ACER verage ¢ e? tveness ACER
. R (%reduction of R ACER
Intervention Costs for 6 Other (% of LDL-C (Egyptian  ACER ($) (Egyptian
Total cost . cholesterol after 6 $)
months costs reduction after 6  pounds) pounds)
months)
months)
57.5 33 28.8 78.3 4.5
Crestor 20 1954 300 2254 92 (50.1-65.8)  (2.93.8) (2531) (713902)  (4.25.2)
mg (34.345)
Novistoric 30.3 28.1 1.6 20 43 25
20 mg 549.6 300 849.6 (13.944.4) (19.1-61) (1.1-3.5) (8.3-30.8) (27.6-103)  (1.6:6)
Epirovastin 16.3 51.1 2.9 10.8 71.2 4.5
20 mg 533.57 300 833.57 (11.826.3) (3L.7-71) (1.84.1) (9.4-17.6) (47.5-88.6) (2.7-5.1)
ACER: Average Cost-Effectiveness Ratio; $: Dollar
Table 7: The incremental cost effectiveness ((CER) analysis.
Incremental
Incremental . Incremental cost- .
Treatment Total cost . B Incremental cost . . eew Cost-effectiveness
effectiveness effectiveness ratio ratio™*
Novistoric 849.6 Egyptian pounds 8.9 1404.4 Egyptian pounds 157.7 Egyptian pounds 9.1%
Epirovastin 833.57 Egyptian pounds 22.9 1420.4 Egyptian pounds 62.02 Egyptian pounds 358%

[ Effectiveness of branded-Effectiveness of generic (branded is more effective than generic); **Cost of branded - Cost of generic; *** Cost per percentage
reduction in LDL-C (Incremental cost effectiveness ratio = Incremental cost / incremental effectiveness).

DISCUSSION

Rosuvastatin has been proven to be the most effective statin in
decreasing LDL-C level and frequently prescribed drug in clinical
practice. It reduced LDL-C significantly higher than the other
counterpart drugs according to STELLAR trial in addition to its
beneficial effect in primary and secondary prevention [13-15]. In
our experience the main reasons for interruption of statins are the
lack of perception of the benefits of using statins within patients,
the idea of life long treatment with statins is not welcomed by
patients and the high price of statins especially the brand-name
drug. Therefore, the financial affordability of generic statin
becomes the only solution to these problems.

In the current study, LDL-C level was reduced by 16.3% (11.8-26.3)
and 30.3% (13.9-44.4) in Epirovastin 20 mg and Novistoric 20
mg respectively, however, the reduction was by 39.2% (34.3-45) in
Crestor 20 mg.

Rafeeq et al. have reported a reduction of 57.53% in the percentage
of LDL-C from baseline [16]. Similarly, It has been reported that
rosuvastatin 20 mg decrease LDL-C by 53% and 52% respectively
[14,17]. The percentage of changes in lipid profile showed slight
variation comparable to our findings. The variability explained by
differences in the sampled population as Inter-individual variations
resulting from genetic variability demonstrated by the effect of gene
polymorphism in the pharmacokinetics of rosuvastatin and thus
the lipid-lowering efficacy [18,19].

According to Bacquer et al. the difference in the baseline of LDL-C
value contributed to the inter-individual variability in the LDL-C
reduction response toward a fixed dose of statins treatment. As
reported the LDL-C reduced by 31% in response to atorvastatin
40 mg and rosuvastatin 20 mg although the predicted reducing
percentages were 48%-49% [20].

In this study, the change of triglycerides level among the three
study arms was relatively comparable to the reported decreasing
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percentages in many studies. Schneck et al. demonstrated that
rosuvastatin 20 mg reduced triglycerides by 18.4% [21]. Although,
Ballantyne et al. have reported that the reduction was by 21.6%
with the same dose after 16 weeks of treatment [22].

Regarding the difference in the efficacy of Crestor group when
compared with other generic groups, there was a lack in the
published data of comparative studies concerning the efficacy of
generic rosuvastatin, especially in the Egyptian market. It has been
reported that both generic rosuvastatin products showed high lipid-
lowering efficacy and tolerability in high and very high-risk patients
as for LDL reduction was 34.2% after 3 months with Roswera and
35% after 2 months with Superstate [23,24].

A statistically significant increase in both ALT and AST levels
in the three study arms was reported, but these changes were
not clinically significant as it did not reach 2 times the upper
limit of the normal values in the three groups with no need for
treatment discontinuation. Betto et al. have reported that generic
rosuvastatin was a well-tolerated, although rosuvastatin therapy
produced a statistically significant elevation in the levels of serum
aminotransferases, the observed changes were not clinically
significant since mean levels remained within the normal range
[24]. These findings were supported by several trials in which no
clinically significant elevation of levels occurred [25,26]. In this
study, No major adverse cardiovascular events were observed
during the 6 months treatment in the three study arms. In a study
by Shaheen et al. assessing the difference in the economic impact
of using generic rosuvastatin and brand-name rosuvastatin, they
have reported that the cost of generic rosuvastatin was higher
than the brandmname on concerning the cardiovascular events
[27]. These findings reflected the superiority of the brand-name
in reducing the cardiovascular event than the generic prescribing.
In our study, a specific sector of low to intermediate-risk SCAD
patients was included in evaluating the generic name medication
but if we included intermediate to high and high-risk groups in our
study they might lead to therapeutic failure of the generic groups in
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preventing cardiovascular events compared with brand-name one
in addition to short follow up period.

Olsson et al. reported that the reduction of 1% in LDL-C resulted
in a decrease in the risk of major coronary events by 1.7% while
the reduction of 1% in cholesterol resulted in a decrease in the
incidence of major coronary events by 1.9% [28].

For time being, there is no study touched the point of the cost-
effectiveness of generic rosuvastatin in the Egyptian market in
patients with low to intermediate risk cardiovascular events
according to Duke Score risk stratification > zero.

For minimizing the cost-effectiveness ratio of statin therapy
Morrison and Glassberg recommended using the least cost statin
for patients with low risk of cardiovascular disease and patients
with lower baseline LDL-C levels while the most effective statins
for patients with high-risk CVD and patients with high baseline
LDL-C level [29].

Although our study was small-sized with short follow-up period
in evaluating lipid-lowering efficacy of generic rosuvastatin in
preventing adverse cardiovascular effect in a specific sector of stable
coronary artery disease, the results were promising for a better
prospect for low to intermediate risk SCAD patients because of
the price affordability of the generic rosuvastatin compared to the
brand-name Crestor.

Further studies with a larger number of patients and long follow
up period are needed for proper evaluation of the real benefits of
generic rosuvastatin in adverse cardiovascular events prevention
compared with brand type in low to intermediate risk and
intermediate to high-risk CAD Patients in real-world practice. The
Egyptian market contains several generic rosuvastatin products at
different prices. We discussed two of them only which have the
least cost. Further studies should be established to evaluate the
economic impact of using generic medicines besides the clinical
aspects.

CONCLUSION

Both the original and generic rosuvastatin were effective in lowering
all lipid parameters in Egyptian patients with stable coronary artery
disease. All three statins were safe concerning cardiac and liver
functions. Despite the superiority of brand-name over Novistoric
20 mg and Epirovastin 20 mg in lipid-lowering efficacy, this was
not reflected in the ability of generic rosuvastatin in preventing
adverse cardiovascular events adding to their lower costs that helps
in medication adherence for patients with low-intermediate risk

SCAD.
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