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Introduction 
Changes in racemate or enantiomers of an active ingredient do not require review of information 
other than bioavailability (BA) or bioequivalence (BE) studies.1. The approval of levoamlodipine 
maleate in this 505(b)(2) new drug application (NDA) for the treatment of hypertension is 
mainly based on BE data from the pivotal BA/BE study, given that the anti-hypertensive efficacy 
of the reference listed drug (RLD) (NORVASC® by Pfizer) as a calcium channel blocker has 
been well established. Despite this, the sponsor conducted three clinical trials that evaluated 
safety and efficacy of levoamlodipine as an antihypertensive agent. These studies were reviewed 
by the division in a cursory manner without statistical analyses. Therefore, this review relies 
solely on the study reports submitted by the sponsor. The results of each of the studies are 
attached to this review. 
 
Efficacy and safety summary 
The efficacy data obtained from the three clinical studies conducted by the sponsor with 
levoamlodipine maleate tablet have generally shown that levoamlodipine maleate tablets at 2.5 
mg/day produced similar antihypertensive efficacy compared to NORVASC® at  
5 mg/day in hypertensive patients.  
 
The safety findings from the three clinical studies demonstrated that the overall safety profile of 
levoamlodipine maleate appears to be similar to NORVASC®. 
 
 

                                                           
1 FDA Guidance for Industry: Applications Covered by Section 505(b)(2) 
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The Efficacy and Safety Study was conducted in 204 patients (101 patients in the 
levoamlodipine group and 103 patients in NORVASC® group) with an 8-week double-blinded 
treatment period. The absolute reductions on DBP at the end of Week 10 from baseline at week 2 
(primary efficacy endpoint) were 14.84±7.59 mmHg in the levoamlodipine group and 
15.02±6.36 mmHg in the NORVASC® group, respectively. The absolute reductions on SBP at 
the end of Week 10 from baseline at week 2 (secondary efficacy endpoint) were 17.32±11.28 
mmHg in the levoamlodipine group and 19.71±11.73 mmHg in the NORVASC® group, 
respectively.  
 
The Ambulatory BP and LVH Study was conducted in 196 patients with essential 
hypertension associated with one or more cardiovascular risk factors. After a 2-week washout 
period, eligible patients were randomized at a ratio of 1:1 to receive treatment with either 2.5 
mg/day levoamlodipine maleate (Group A) or 2.5 mg/day of amlodipine besylate plus 0.5 
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tablet/day of amiloride plus 40 mg/day of telmisartan (Group B), for up to 18 months. Efficacy 
endpoints included 24-hour ambulatory blood pressure at 8 weeks. The results demonstrated 
significant reductions in clinic and 24-hour ambulatory blood pressure in both groups. 
 
The LEADER Study was conducted in 10,031 patients enrolled at 110 centers in 21 cities in 
China. Patients were treated with either 2.5 mg/day levoamlodipine (N=5,018) or 5 mg/day 
amlodipine (N=5,013) for up to 2 years. Follow-up visits were scheduled at 1, 2, 3, 6, 12, 18, and 
24 months after the start of treatment. The main objectives were to evaluate the effects of long-
term use of either levoamlodipine or amlodipine on blood pressure and cardiovascular events. 
The secondary objectives were to evaluate adverse reactions and cost effectiveness. At the end of 
study, blood pressure had decreased in a similar manner for both drugs: SBP was 129.92±7.01 
and 131.26±7.22 mmHg, and DBP was 77.46±5.74 and 77.86±6.21 mmHg in the 
levoamlodipine and amlodipine groups, respectively.  
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Inclusion criteria  
(1) Voluntarily participated and signed the informed consent; 
(2) Male or female patients between 18 and 70 years of age; 
(3) Mild-moderate primary hypertension, 95 mmHg ≤ DBP ＜110 mmHg and  SBP ＜180 
mmHg; 
(4) Not associated with serious heart, brain, kidney and other organ damage; 
(5) Body mass index (BMI)≤30 (kg/m2). 
 
Exclusion Criteria 
(1) Hypertension combined with the following conditions within the past 5 months: history of 
cerebrovascular incidents, myocardial infarction or heart failure, aneurysm or aortic dissection; 
definite angina, II degree and above atrioventricular block, sick sinus syndrome, and malignant 
or potential malignant arrhythmias; 
(2) Secondary hypertension; 
(3) Seriously abnormal cardio-pulmonary function; 
(4) Unstable glycemic control of diabetes, fasting blood glucose ＞ 11.1 mmol/l, or with 
complications (nephropathy, peripheral neuropathy); 
(5) Patients with gastrointestinal lesions or whose drug absorption may be affected after 
gastrointestinal surgery; 
(6) Untreated thyroid disease; 
(7) Electrolyte imbalance, including serum potassium＜ 3.5 mmol/L or ＞ 5.5 mmol/L; Impaired 
liver and kidney function: AST and/or ALT exceeding one times or more than the upper limit of 
normal; 
(8) Creatinine exceeding the upper limit of normal (133 μmol/L); 
(9) Autoimmune diseases or any other serious physical illness, which may affect the patient’s 
ability to successfully participate in the study; 
(10) Pregnant or lactating women; 
(11) Mental illness, without self-control; 
(12) Participated in any other clinical studies within the last 2 months; 
(13) Having any allergy or contraindications to the study drugs; 
(14) Other conditions that the study investigators believed should be excluded. 
 
Efficacy Assessment 
Primary Efficacy Measures 
Efficacy was assessed by the absolute value change of DBP after the double-blind treatment for 
4 weeks and 8 weeks from the DBP at the beginning of the double-blind treatment (0 week). 
Ambulatory blood pressure monitoring (ABPM) was also assessed during double-blind treatment 
period. 
 
Results 
There were 204 patients enrolled in this study. The study drug group had 101 patients with 95 
patients completing the study. The control group had 103 patients with 95 patients completing 
the study. 
 
The safety analysis set included patients who had received at least one dose of the study drug and 
had at least one safety evaluation. 
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The changes in 24-hour BP measurements at week 8 are similar for both drugs. 
 
Safety 
 
Adverse event occurrence rates for the Norvasc and  groups were 15% and 
11%, respectively, and the rates of drug-related adverse events or adverse drug reactions 
(ADR) were 7% and 2%, respectively. AE and adverse reaction rates for the two 
groups were similar. 
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Study name 
Ambulatory BP and LVH study 
 
Title 
Multicenter and Random Clinical Study on Ambulatory Blood Pressure and Left Ventricle Mass 
Effect of Hypertensive Patients by the Treatment of Levoamlodipine Maleate (Ambulatory BP 
and LVH Study) 
 
The study was conducted exclusively in China. 
 
Primary Objectives 
To evaluate the effect of levoamlodipine maleate on ambulatory blood pressure monitoring 
(ABPM) and left ventricular hypertrophy (LVH). 
 
The study was conducted with amlodipine besylate as the active control in a total of 196 patients 
with essential hypertension defined as sitting blood pressure 140-179 or/and 90-109 mmHg) after 
two-week washout period. 
 
After the 2-week washout period, qualified patients were randomized 1:1 to the 
levoamlodipine maleate group (Group A) or the amlodipine besylate group (Group B). The 
initial dose was  
 
Doses 
Group A: 2.5 mg/day levoamlodipine maleate  
 
Group B: 2.5 mg/day of amlodipine besylate+0.5 tablet/day of amiloride compound+40 mg/day 
of telmisartan for Group B.  
 
After 2, 4, and 8 weeks of treatment, study drug doses were increased based on blood pressure 
response. Target blood pressure response was <140/90 mmHg. 
 
Efficacy endpoints 
Included clinical blood pressure recordings, 24-hour ABPM at 8 weeks, and echocardiography. 
The treatment period was18 months. 
 
ABPM Spacelabs90217 type ambulatory blood pressure monitoring of the United States was 
used for ABPM. The subjects installed the ABPM measurement device between 8-10AM with 
the cuff tied to the left upper limb and set up to automatically inflate and measure the blood 
pressure once every 20 minutes during the day (06:00-22:00) and every 30 minutes at night 
(22:00-06:00). The measurement time was not less than 24 hours with the effective measurement 
time ≥ 85%. The statistical analysis parameters were as follows: 24-hour average systolic blood 
pressure (24hSBP), 24-hour average diastolic blood pressure (24hDBP), daytime average 
systolic blood pressure (dSBP), daytime average diastolic blood pressure (dDBP), nighttime 
average systolic blood pressure (nSBP) and nighttime average diastolic pressure (nDBP). The 
calculation formula of variable coefficient used for representing the blood pressure variation was 
standard deviation/mean. Ambulatory blood pressure measurements were processed uniformly 

Reference ID: 4514584





blood pressure (24hSBP), 24-hour diastolic blood pressure (24hDBP), daytime average systolic 
blood pressure (dSBP), daytime average diastolic blood pressure (dDBP), nighttime average 
systolic blood pressure (nSBP) and nighttime average diastolic pressure (nDBP). The results at 
baseline and week 8 are shown in the table below. 
 

 
 
These results show that treatment with levoamlodipine maleate in this study reduced 24-hour 
ambulatory blood pressure that was similar to the results for amlodipine besylate. 
 
Echocardiography 
There were 93 and 87 selected patients in A group and B group who completed the 
echocardiography examination, respectively. The table below shows left ventricular mass (LVM) 
and left ventricular mass index (LVMI) at baseline and after 18 months of antihypertensive 
treatment. 
 

 
These results show that treatment with either levoamlodipine maleate or amlodipine besylate 
reduced LVM and LVMI measurements in a similar manner. 
 
Safety 
No safety results were reported in the study report. 
 
 
In conclusion, compared with amlodipine besylate, levoamlodipine maleate 
demonstrated similar efficacy for the treatment of mild to moderate primary hypertension. Safety 
was not evaluated. 
 
 
Study name 
LEADER study 
 
Study title 
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Levoamlodipine Maleate or Amlodipine Besylate for Treatment of Hypertension: A Comparative 
Effectiveness Study 
 
Introduction 
This was a prospective multicenter real-world study of outpatients with primary hypertension 
treated with levoamlodipine maleate or benzenesulfonate amlodipine exclusively in China. 
 
The baseline data included the general clinical characteristics, previous medical 
histories, combined drug therapy (especially the antihypertensive drugs), and physical 
examination results. Once included,  bilateral blood pressures were measured and the 
arm with the higher SBP was selected for the remaining of the study. 
 
All patients were followed up for 2 years after enrollment, at 1, 2, 3, 6, 12, 18 and 
24 months. Physical examination, adverse events, and outcomes were assessed. 
 
The main study outcome was to assess the effects of levoamlodipine maleate and 
benzenesulfonate amlodipine on the occurrence of MACCE in patients with primary 
hypertension. The composite outcome included: 1) death, including fatal cerebral stroke, fatal 
myocardial infarction, sudden death, any death caused by cardiovascular diseases, any death 
caused by non-cardiovascular events, and any death caused by any other reasons; 2) non-fatal 
myocardial infarction, unstable angina pectoris, and coronary arterial revascularization therapy; 
3) ischemic cerebral stroke, hemorrhagic cerebral stroke, and transient cerebral ischemic attack; 
4) aortic dissecting aneurysm, interventional therapy for peripheral artery, or other surgeries for 
artery; 5) hospitalization for heart failure; and 6) newly developed atrial fibrillation. 
 
The secondary outcomes were safety, hypertensive effect, and pharmacoeconomics. 
 
The drug-related AEs such as edema of the lower extremities, facial flushing, dizziness, 
headache, fatigue, palpitation, abdominal pain, gingival pain and swelling, nausea, somnolence, 
and other adverse reactions were recorded. 
 
Results 
 
The final number of study patients was 10,031: 5018 were in the levoamlodipine maleate group 
and 5013 were in the benzenesulfonate amlodipine group. 143 patients were switched to the 
other group by their physician: 75 in the levoamlodipine maleate group and 68 in the 
benzenesulfonate amlodipine group. In the final analysis, 4950 patients were in the 
levoamlodipine maleate group and 5081 were in the benzenesulfonate amlodipine group.  
 
The patient flow chart for the 2-year study is shown below. 
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Dropouts were 8% for each treatment group. 
 
Half the patient population was male, mean age was 64 years. The BMI, SBP, DBP, heart rate, 
and percentage of smoking were slightly higher in the levoamlodipine maleate group than in the 
benzenesulfonate amlodipine group. More patients in the levoamlodipine maleate group 
were concurrently using ACEI/ARB than in the benzenesulfonate amlodipine group 
while the combined use of other drugs was not significantly different between the two groups. 
The frequency of statin use was lower in the levoamlodipine maleate group than in the 
benzenesulfonate amlodipine group.  After matching, 3946 patients were selected in each group.  
 
Blood pressure at the end of study and use of antihypertensive drugs 
At the end of study (after completing the 24-month follow-up for each patient), the SBP was 
129.92±7.01 and 131.26±7.22 mmHg (adjusted P<0.001), while the DBP was 77.46±5.74 and 
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77.86±6.21 mmHg in the levoamlodipine maleate and benzenesulfonate amlodipine groups, 
respectively.  
 
Baseline BP control rate was slightly higher in the levoamlodipine maleate group than 
benzenesulfonate amlodipine group, while the BP control rate at the end of 24-month follow-up 
was slightly higher in the benzenesulfonate amlodipine group (94%) than levoamlodipine 
maleate group (91%). 
 
The reported MACCE percentage was 5% for both treatment groups. 
 

 

 
 

 
Adverse reactions 
The reports of adverse events were significantly lower in the levoamlodipine maleate group 
compared to benzenesulfonate amlodipine group (5% vs. 7%). Among the reported adverse 
reactions, the occurrence of lower extremity edema was lower in the levoamlodipine maleate 
group than in the benzenesulfonate amlodipine group (1% vs. 3%). The other adverse 
reactions such as facial flushing, gingival pain and swelling, headache, and dizziness 
were similar between the two groups. 
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In the study, there was very little difference in patient outcome between the two treatment 
groups. 
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(3) Mild-moderate primary hypertension, 95 mmHg ≤  DBP ＜ 110 mmHg and  
SBP ＜180 mmHg 
(4) Not associated with serious heart, brain, kidney and other organ damage; 
(5) Body mass index (BMI) ≤ 30 (kg/m2). 
 
Exclusion Criteria 
(1) Hypertension combined with the following conditions within the past 5 months: history of 
cerebrovascular incidents, myocardial infarction or heart failure, aneurysm or aortic dissection; 
definite angina, II degree and above atrioventricular block, sick sinus syndrome, and malignant 
or potential malignant arrhythmias; 
(2) Secondary hypertension; 
(3) Seriously abnormal cardio-pulmonary function; 
(4) Unstable glycemic control of diabetes, fasting blood glucose ＞ 11.1 mmol/l, or with 
complications (nephropathy, peripheral neuropathy); 
(5) Patients with gastrointestinal lesions or whose drug absorption may be affected after 
gastrointestinal surgery; 
(6) Untreated thyroid disease; 
(7) Electrolyte imbalance, including serum potassium ＜ 3.5 mmol/L or ＞ 5.5 mmol/L; 
Impaired liver and kidney function: AST and/or ALT exceeding one times or more than the 
upper limit of normal; 
(8) Creatinine exceeding the upper limit of normal (133 μmol/L); 
(9) Autoimmune diseases or any other serious physical illness, which may affect the patient’s 
ability to successfully participate in the study; 
(10) Pregnant or lactating women; 
(11) Mental illness, without self-control; 
(12) Participated in any other clinical studies within the last 2 months; 
(13) Having any allergy or contraindications to the study drugs; 
(14) Other conditions that the study investigators believed should be excluded. 
 
Efficacy Assessment 
Primary Efficacy Measures 
Efficacy was assessed by the absolute value change of DBP after the double-blind treatment for 
4 weeks and 8 weeks from the DBP at the beginning of the double-blind treatment (0 week). 
Ambulatory blood pressure monitoring (ABPM) was also assessed during double-blind treatment 
period. 
 
Results 
There were 204 patients enrolled in this study. The study drug group had 101 patients with 95 
patients completing the study. The control group had 103 patients with 95 patients completing 
the study. 
 
The safety analysis set included patients who had received at least one dose of the study drugs 
and had at least one safety evaluation. 
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The changes in 24-hour BP measurements at week 8 are similar for both drugs. 
 
Safety 
 
Adverse event occurrence rates for the Norvasc and  groups were 15% and 
11%, respectively, and the rates of drug-related adverse events or  
ADRs were 7% and 2%, respectively. AEs and adverse reaction rates for the two 
groups were similar. 
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