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SUMMARY
A multicenter study was conducted to assess the efficacy of
a generic form of Atorvastatin (Ranbaxy’s Storvas®) in the
treatment of Primary Hypercholesterolemia.  One hundred
and nineteen patients were given 10mg of Storvas® for four
weeks and increased to 20mg if target LDL-Cholesterol was
not achieved. LDL-Cholesterol was reduced by 36.6% at four
weeks and 37.5% at eight weeks from baseline.  Total
cholesterol and triglycerides were significantly reduced.
There were no drug-related serious adverse events.  We
conclude that the generic atorvastatin is safe and effective in
the treatment of primary hypercholesterolaemia and the
results are comparable to published data on innovator
atorvastatin.
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INTRODUCTION
Dyslipidaemia is an important risk factor for cardiovascular
disease1-5.  The risk increases progressively with increasing
serum cholesterol levels particularly elevated LDL-
cholesterol6. In Malaysia, the prevalence of
hypercholesterolemia was found to be 20% among persons
aged 30 years or older in the National Health Survey
conducted in 19967.  Pharmacological treatment for
dyslipidaemia is considered when therapeutic life-style
changes which include diet modification, weight reduction
and exercise, cessation of smoking and restriction of alcohol
consumption fail to achieve the desired target.

3-hydroxy-3 methylglutaryl-coenzyme A reductase inhibitors
(commonly referred to as Statins) inhibit the biosynthesis of
cholesterol and also increase the density of LDL receptors.
Atorvastatin is a potent statin. Previous controlled and
uncontrolled studies showed that a mean reduction in LDL-
cholesterol (LDL-C) of 25%-61% could be achieved in
patients with primary hypercholesterolemia given
atorvastatin 2.5-80 mg daily for at least six weeks 8-12.  The
current recommended dose range for atorvastatin is from 10
to 80mg daily.  While atorvastatin ranked first in Australia, it
merely ranked 29th on our national drug use list13.  This
suggests that cost is still a significant barrier in access to the
drug. The availability of a lower cost atorvastatin will be
helpful in this regards.

A generic form of atorvastatin (Storvas®) has recently been
introduced in Malaysia by Ranbaxy, (Malaysia) Sdn. Bhd.
This product has been shown to be bioequivalent to the
original atorvastatin, Lipitor®.  A review of literature reveals
that few trials have been conducted to demonstrate the
therapeutic efficacy of generic drugs.  It is assumed that
bioequivalence of a generic drug compared with the original
drug will translate into the same clinical effectiveness and
safety.  The purpose of this study was to establish the clinical
efficacy and safety of a generic form of atorvastatin (Storvas®)
in lowering serum cholesterol in Malaysian patients with
primary hypercholesterolaemia.  Also, to our knowledge, this
would be the first ever documented study to prospectively
evaluate the safety and effectiveness of atorvastatin in
Malaysia.

MATERIALS AND METHODS
The Ranbaxy Atorvastatin Trial was a multi-center, open label,
single group trial to assess the efficacy of Storvas®
(Atorvastatin calcium) over a period of eight weeks in patients
with primary hypercholesterolemia.  The study was
conducted in compliance with Good Clinical Practice
guidelines and was approved by Medical Research Ethics
Committee of the Ministry of Health.  Informed consent was
obtained from all participants prior to the conduct of any
study related procedure.  Study monitoring was done to
ensure the integrity of the data and compliance to the
protocol. 

Patients with primary hypercholesterolaemia above the age of
18 years and who did not benefit from 12 weeks of
Therapeutic Life Style changes (TLC) were recruited.  The
LDL-cholesterol level for inclusion ranged from 2.6 to
7.5mmol/l depending on the 10-year risk of coronary heart
disease (CHD) and the presence of CHD or CHD equivalent
conditions.  Patients with known hypersensitivity or muscle
toxicity to statins, family history of hereditary muscle
disorders, uncontrolled diabetes mellitus, treatment with
lipid lowering drugs in the previous six weeks, elevated liver
enzymes to more than 1.5 times above the upper limit of
normal (ULN), elevated serum Creatine Phosphokinase (CPK)
more than five times ULN, serum creatinine above 1.2 times
ULN and serum triglycerides of more than 5.56mmol/L at
baseline were excluded from the study. 

After initial screening, patients underwent a baseline
evaluation and all eligible patients were given Storvas® 10 mg
Tablets once daily for four weeks.  After four weeks of
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treatment, lipid measurements were repeated for all patients
and patients who had attained their target level of LDL-C
were continued on the same dose for another four weeks.   For
patients who failed to achieve the target LDL-C at Week 4, the
dose of Storvas® was increased to 20mg for the next four
weeks.  The LDL-cholesterol targets were adopted from the
“The National Cholesterol Education Program (NCEP-ATP
III)” Guidelines14.  The targets for patients with CHD or CHD
risk equivalent, two or more major risk factors for CHD and
0-1 risk factor were < 2.6mmol/L, < 3.4mmol/L and < 4.1
mmol/L respectively.  All laboratory measurements were
performed by a central laboratory.  Analysis included lipid
profile, full blood count, fasting glucose, liver function test,
renal profile and creatine phosphokinase (CPK).

Analysis was performed on the “Intention-to-treat” (ITT)
population. The ITT population included all eligible subjects
enrolled into the study and received at least one dose of study
treatment and had at least one efficacy assessment done.  The
primary end-point was percentage reduction from baseline of
LDL-C at four weeks and eight weeks. 

RESULTS
Of the 122 patients recruited from 14 participating centers,
119 completed four weeks of treatment with Storvas® and
had their first efficacy assessment.  The trial profile is shown
in Figure 1.

Compliance:
Good compliance (defined as at least 80% of the prescribed
tablets having been taken) was achieved throughout the
study with 97% of the patients compliant at four weeks and
94% at eight weeks. 

Primary end-point
The LDL-C at Baseline, Week 4 and Week 8 are shown in Table
II.

The mean LDL-cholesterol was reduced from 4.35mmol/l at
baseline to 2.72mmol/l at four weeks and to 2.67mmol/l at
eight weeks.  The mean percentage reduction of LDL-
cholesterol from baseline was 36.6% at four weeks and 37.5%
at eight weeks.  The reductions were statistically significant.

Ninety seven patients (82%) achieved target LDL-cholesterol
level at week 4 and week 8.  Eighty-five patients who achieved
LDL-cholesterol target at 4 weeks maintained the target at 8
weeks.  Twelve patients, who did not achieve the LDL-
cholesterol target at 4 weeks, achieved the target with 20mg
of Storvas® at 8 weeks.  Twelve other patients, who initially
achieved the LDL-C target at four weeks, had an LDL-C of
above target at 8 weeks (Table III).

Secondary end-points
The total cholesterol and triglyceride levels were significantly
reduced.  Total cholesterol was reduced by 28.2% at four
weeks and 28.9% at eight weeks and triglycerides were
reduced by 16% and 14% at four weeks and eight weeks
respectively (Table IV).  The HDL-cholesterol was marginally
reduced at four weeks and eight weeks.

Safety evaluation
Safety evaluation was based on the predefined safety analysis
set which included all patients who received at least one dose
of study treatment.  There were five serious adverse events
reported during the study and none was assigned by
investigators to be causally related to the study drug.
Seventy-one adverse event episodes were reported in 51
patients, 15.5% of these were thought to be related to study
drug.  These adverse events were abdominal pain, diarrhoea,
arthralgia, musculoskeletal pain, dizziness, headache and
pruritus.  CPK was increased above baseline in four patients.
The maximum CPK recorded was 650U/L (2.2 times above the
ULN) in one patient.  The patient was asymptomatic and did
not require any dose adjustment of the study drug.  Alanine
transaminase (ALT) was increased from baseline in two
patients and the maximum elevation was 1.4 times above
ULN.  No patients had to withdraw the study drug due to
adverse effects. 

DISCUSSION 
Statins are widely used in Malaysia.  The most recent data
from the Malaysian Statistics on Medicine 2005 report13

showed that the utilization of lipid lowering drugs in the
Malaysian population was ranked third after anti-
hypertensive and anti-diabetic medicines.  The utilization
rate was 18.9 Define Daily Dose (DDD) per 1000 population
indicating that 1.9% of the population was treated with lipid
lowering drugs (mostly statins).  The cost of lipid lowering
agents was RM108.5 million out of the estimated RM2.2
billion total expenditure on prescription drugs in 2005.  The
relative high ranking of lipid reducers in the league table of
drug utilization and cost however belie the underutilization
of this important class of drug considering its high prevalence
in the population.  In contrast, in Australia (the only country
in the region with available medicine use statistics) 15 lipid
reducers dominated its top-10 drug list in year 2000, with a

Table I: Demographics and Baseline Characteristics 
of Trial Patients

Characteristics
Age, years, median (range) 54 (20-76)
Men>45 years or women >55 years, N (%) 75 (61)
Male:Female, N (ratio) 52:67 (1:1.3)
Malay:Chinese:Indian:Others (%) 55:29:15:2
Hypertension, N (%) 84 (69)
Diabetes mellitus, N (%) 43 (36)
Cigarette smoking, N (%) 14 (11)
Low HDL cholesterol, N (%) 17 (14)
Family history of premature CHD 13 (11)
Haemoglobin, g/L (SD) 138.0 ( 17.0)
TSH, mIU/L 1.7 (1.0)
ALT, U/L 24.1 (9.5)
AST, U/L 23.7(6.1)
Creatinine, Ìmol/L 76.8 (22.5)
CPK, U/L 125.9 (79.7)
Total Cholesterol, mmol/L 6.43 (1.02)
HDL Cholesterol, mmol/L 1.31 (0.31)
LDL Cholesterol, mmol/L 4.35 (0.88)
Triglycerides, mmol/L 1.68(0.72) 
Glucose (fasting), mmol/L 6.0 (2.1)

The baseline characteristics of the 119 patients who had at least 1
efficacy assessment (the ITT population) are shown in Table I.
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LDL Cholesterol, mmol/L Baseline Week 4 Week 8
N 119 119 119
Mean 4.35 2.72 2.67
Median 4.34 2.64 2.64
SD 0.88 0.67 0.60
Mean of change from Baseline -1. 63 -1.68
Median of change from Baseline -1.66 -1.73
SD of change from Baseline 0.78 0.74
Mean percentage change from Baseline -36.6 -37.5
SD percentage change from Baseline 14.2 13.0
p-value compared to baseline <0.0001* <0.0001*

* Wilcoxon sign rank test                           
SD = standard deviation

Table II: LDL-cholesterol by Study visit 

Baseline Week4 Week8
Mean Total Cholesterol, mmol/L (SD) 6.43(1.02) 4.58 (0.82) 4.53 (0.74)
Mean percentage reduction from Baseline (SD) 28.2 (11.7) 28.9 (10.9)
p-value compared to baseline <0.0001* <0.0001*

Mean Triglycerides, mmol/L (SD) 1.68(0.72) 1.32 (0.51) 1.37 (0.58)
Mean percentage reduction from Baseline (SD) 16.0(27.2) 14.2(26.4)
p-value compared to baseline <0.0001* <0.0001*

Mean HDL Cholesterol, mmol/L (SD) 1.31(0.31) 1.25 (0.28) 1.23 (0.31)
Mean percentage reduction from Baseline (SD) 3.1 (17.4) 5.5 (18.0)
p-value compared to baseline 0.0020* <0.0001*
* Wilcoxon sign rank test                           
SD = standard deviation

Table IV: Secondary end-points by study visit

LDL-C Goal according to risk factor Week 4 (N=119) Week 8 (N=119)
Achieved the goal Achieved the goal

Total No % Total No %
CHD or CHD risk equivalent: LDL <2.6 52 36 69 52 36 69
Multiple (2+) risk factor: LDL<3.4 34 29 85 34 29 85
0-1 risk factor: LDL<4.2 33 32 97 33 32 97
Total 119 97 82 119 97 82

NCEP = National Cholesterol Education Program; Adult Treatment Panel III

Table III: Distribution of patients achieving the NCEP ATP III goals by risk group (ITT population)

utilization rate of at least 70 DDD/1000 population.  It is
hoped that with the cost saving of using a generic
atorvastatin, there will be an increased in utilization of the
drug to benefit a wider population of patients. 

In our study, generic atorvastatin Storvas® significantly
reduced the LDL-cholesterol by 36.6% at four weeks and
37.5% at eight weeks. The mean absolute reduction of LDL-
cholesterol was 1.63 and 1.68mmol/l at 4 weeks and eight
weeks respectively. Although we did not conduct a
randomised comparative trial with innovator atorvastatin
(Lipitor®), our results are comparable with the results
published in the literature.   In two studies, treatment with
10mg of Lipitor® for 6 weeks was associated with
approximately 37% reduction in the LDL-cholesterol16,17.  In
the ASCOT-LLA study, 10mg of Lipitor® reduced the LDL-
cholesterol by 35% (an absolute reduction of 1.2mmol/l)
compared with placebo at one year 18.  The reduction in the
total cholesterol and triglyceride were also consistent with the
outcome reported in the literature where trials have been
conducted largely on western populations.  There are no
previous published studies on atorvastatin in Malaysian

patients.  HDL-cholesterol was marginally reduced in our
study. 

Data on achieving National Cholesterol Education Program
Adult Treatment Panel III (ATP III) goals in Asia are limited.
The recently published REALITY-Asia Study (a retrospective
cohort study) reported that across all cardiovascular risk
categories, only 48% of patients attained ATP III targets for
LDL-C, including 38% of those with CHD/diabetes and it
recommended the need for more effective treatment to help
Asian patients achieve their cholesterol treatment targets19.  In
the Korean Ten Centers’ Study, the LDL-C goal attainment
rate improved from 50% in 2004 to 76% in 2007 when the
study was repeated using the same study protocol at the same
ten hospitals20.   This suggests that goal attainment rates have
been improving in certain Asian countries possibly due to
stricter treatment approaches and/or usage of more potent
medications.  In our Study, atorvastatin (Storvas®) therapy
was able to achieve target goal attainment rates of 82%
among all patients and 69% in the CHD/ CHD risk equivalent
patients. This would indicate that better LDL-C target goal
can be achieved using relatively new and high potency statins
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Fig. 1: Trial profile of study patients

like atorvastatin compared to the older statins such as
lovastatin.  In the REALITY-Asia Study, lovastatin was still
commonly used in Malaysia with 23% of the sampled
patients being on this drug.  It would be expected that the
availability of Storvas®, a low-cost generic form of a potent
statin,  atorvastatin can significantly  increase the proportion
of patients achieving their target LDL-C goals, as seen in this
study.  

Excellent compliance achieved throughout the study suggests
the tolerability of the drug.  In our study, mild myalgia and
CPK elevation were reported in 3 and 10 patients respectively.
None required withdrawal of study drug.  Elevation of ALT
was mild; the mean elevation was only 1.4 times the ULN.

As this is not a randomized active or placebo controlled study,
the confounding effects of diet and exercise on the results
could not be completely ruled out.  However we attempted to
minimize this by including only patients who had failed to
achieve their target LDL-cholesterol after therapeutic life style
changes (TLC) have been instituted for at least 12 weeks.  The
patients were also advised to continue TLC during the study.
We believe that the changes in the lipid profile during the

study were largely due to the study medication. The
limitations of an open label single arm study with historical
comparison to the innovator should also be considered in the
interpretation of the results.

In conclusion, the data suggests that the generic atorvastatin
(Storvas®) is efficacious and safe in the treatment of
hypercholesterolaemia and the results are consistent with
previous published data on innovator atorvastatin (Lipitor®). 

ACKNOWLEDGEMENTS
We thank Clinical Research Centre of Penang and Kuala
Lumpur Hospital for their support.  We also thank Dayang Jok
for managing the project and the sponsors, Ranbaxy (M) Sdn
Bhd, for funding this study.

The Storvas Clinical Trial study group comprises Sia KK,
Yuhanis Y, Khor BT, Adlina B, Hema P, Ch’ng SK, G.P.
Letchuman, Chia WK, Sim KH, Chin WM, Ong TK, Ang CK,
Liew HB, Annuar R, Fong YY, Yew KL, Yoon CK, Bryan Leong,
Chandran K., Ang CL, Suriani S.. Koay BS, Ahmad R., Ngau
YY, Narul A, Lee TS,.Ang SF and Jeyabalan T.

150-154.qxd  7/23/09  11:15 AM  Page 153



Original Article 

154 Med J Malaysia Vol 64 No 2 June 2009

REFERENCES
1. Keys A, editor. Coronary heart disease in seven countries. Circulation 1970;

41(Suppl 1): 1- 211. 
2. Verschuren WM, Jacobs DR, Bloemberg BP, Kromhout D, Menotti A,

Aravanis C, Blackburn H, Buzina R, Dontas AS, Fidanza F, et al. Serum total
cholesterol and long-term coronary heart disease mortality in different
cultures. Twenty-five-year follow-up of the Seven Countries Study. J Am
Med Assoc 1995; 274: 131-6.

3. Assmann G, Cullen P, Schulte H. The Munster Heart Study (PROCAM):
results of follow-up at 8 years. Eur Heart J 1998; 19(Suppl A): A2-A11.

4. Wilson PW, Anderson KM, Castelli WP. Twelve-year incidence of coronary
heart disease in middle aged adults during the era of hypertensive therapy:
the Framingham Offspring Study. Am J Med 1991; 90: 11-6.

5. Chen Z, Peto R, Collins R, MacMahon S, Lu J, Li W. Serum cholesterol
concentrations and coronary heart disease in population with low
cholesterol concentrations. Br Med J 1991; 303: 276-82.

6. Stamler J, Wentworth D, Neaton JD. Is relationship between serum
cholesterol and risk of premature death from coronary heart disease
continuous and graded? Findings in 356,222 primary screenees of the
Multiple Risk Factor Intervention Trial (MRFIT). JAMA. 1986; 256(20):
2823-8.

7. Lim TO, Ding LM, Zaki M, Suleiman AB et al. Distribution of blood total
cholesterol in a national sample of Malaysian adults. Med J Malaysia 2000;
55: 78-89.

8. Pfizer Parke-Davis. Lipitor® (atorvastatin calcium) tablets prescribing
information. New York, NY; 2005 Sep.

9. Nawrocki JW, Weiss SR, Davidson MH et al. Reduction of LDL cholesterol
by 25% to 60% in patients with primary hypercholesterolemia by
atorvastatin, a new HMG-CoA reductase inhibitor. Arterioscler Thromb
Vasc Biol. 1995; 15(5): 678-82.

10. McVey D, Patel H, Eminton Z et al. An assessment of the efficacy of
atorvastatin in treating patients with dyslipidaemia to target LDL-
cholesterol goals: the atorvastatin matrix study. Int J Clin Pract. 1999;
53(7): 509-13.

11. Farnier M, Portal JJ, Maigret P. Efficacy of atorvastatin compared with
simvastatin in patients with hypercholesterolemia. J Cardiovasc Pharmacol
Ther. 2000; 5(1): 27-32.

12. Japan Cholesterol Lowering Atorvastatin study (J-CLAS) group. Efficacy of
atorvastatin in primary hypercholesterolemia. Am J Cardiol 1997; 79:
1248-51.

13. Sameerah S.A.R, Sarojini S. (Eds). Malaysian Statistics on Medicine 2005.
Kuala Lumpur 2007. 

14. Executive summary of the Third Report of the National Cholesterol
Education Program (NCEP) expert Panel on Detection, Evaluation and
treatment of High Blood Cholesterol in Adult (Adult Treatment Panel III).
JAMA 2001; 285: 2486- 97. 

15. Australian Statistics on Medicine 1999-2000.Commonwealth Department
of health and ageing Australia 2003.

16. Insull W, Kafonek S, Goldner D et al. Comparison of efficacy and safety of
atorvastatin (10mg) with simvastatin (10mg) at six weeks. ASSET
Investigators. Am J Cardiol. 2001; 87(5): 554-9.

17. Karalis DG, Ross AM, Vacari RM, et al. Comparison of efficacy and safety of
atorvastatin and simvastatin in patients with dyslipidemia with and
without coronary heart disease. Am J Cardiol. 2002; 89(6): 667-71.

18. Sever PS, Dahlof B, Poulter NR, Wedel H, et al. Prevention of coronary and
stroke events with atorvastatin in hypertensive patients who have average
or lower-than-average cholesterol concentrations, in the Anglo-
Scandinavian Cardiac Outcomes Trial--Lipid Lowering Arm (ASCOT-LLA):
a multicentre randomised controlled trial. Drugs 2004; 64 Suppl 2: 43-60.

19. Kim HS, Wu Y, Lin SJ, Deerochanawong C, Current status of cholesterol
goal attainment after statin therapy among patients with
hypercholesterolemia in Asian countries and region: the Return on
Expenditure Achieved for Lipid Therapy in Asia (REALITY-Asia) study. Curr
Med Res Opin. 2008; 24(7): 1951-63.

20. Kim S-H, Sung JD, Kim H-S. 2007 Ten Center Follow-up Study. Presented at
the Annual Scientific Session of the Korean Circulation Society, September
12, 2007.

150-154.qxd  7/23/09  11:15 AM  Page 154


