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Purpose: This study aimed to compare the efficacy and safety of generic and branded irbesartan
for 8 weeks in patients with mild-to-moderate essential hypertension.

Patients and methods: We screened 221 patients with mild-to-moderate hypertension.
After exclusion per study criteria, 177 subjects were randomized to receive 150 mg generic
irbesartan (n=91) or branded irbesartan (n=86) as the intention to treat set. The primary effi-
cacy endpoint of this study was the change in mean sitting diastolic blood pressure (SiDBP)
from baseline to 8 weeks between the generic and branded irbesartan groups. The secondary
efficacy endpoints were the change in mean SiDBP at Week 4 from baseline and the change in
mean sitting systolic blood pressure (SiSBP) at Weeks 4 and 8 from baseline in both groups.
All safety issues were evaluated.

Results: At Week 8, the generic and branded irbesartan groups showed significantly reduced
SiDBP (—10.3+8.0, —10.7£7.7 mmHg, all P<<0.0001) compared with baseline values, and the
mean between-group difference in SiDBP change after 8 weeks of treatment was —0.4+1.2 mmHg,
showing the non-inferiority of generic irbesartan vs branded irbesartan. Furthermore, secondary
efficacy, which was the mean change of SiDBP from baseline at 4 weeks, was comparable
between the two groups (—9.448.1 vs —9.9+7.4 mmHg, P=0.69). There were no between-group
differences in mean changes of SiSBP after 4 or 8 weeks of treatment (P=0.78, P=0.97, respec-
tively), or in the incidence of adverse effects (16.7 vs 24.4%, P=0.20).

Conclusion: Generic irbesartan treatment in patients with mild-to-moderate essential hyper-
tension has shown effective antihypertensive effects comparable with the branded irbesartan
treatment, with similar incidence of adverse effects.

Keywords: irbesartan, generic medicine, hypertension, anti-hypertensive

Introduction

Angiotensin II type I receptor blockers (ARBs) are major antihypertensive agents
that have similar long-term effects as that of angiotensin-converting enzyme (ACE)
inhibitors on blood pressure (BP) control and cardiovascular outcomes in terms of
death, cardiovascular events, quality of life, progression to diabetes, left ventricular
mass or function, and kidney disease despite little risk of cough.! Irbesartan is approved
for once-daily use and provides antihypertensive efficacy that is comparable to, or
exceeding, that of other antihypertensive agents while maintaining the good tolerability
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profile associated with the selective angiotensin II type I
receptor antagonists.’

After the patent on the original irbesartan expired, generic
irbesartan was developed on the basis of the pharmacokinetic
results of bioequivalence tests that proved bioequivalence in
the field of area under the plasma concentration time curve
(AUC) and maximum plasma drug concentration (C_ ). The
objective of this Phase IV study was to compare the antihy-
pertensive efficacy and safety of generic and branded irbesar-
tan in order to prove the effectiveness of generic irbesartan in
patients with mild-to-moderate essential hypertension.

Patients and methods

Study patients

Male and female Korean subjects aged 20-75 years with
mild-to-moderate essential hypertension were enrolled if
they were newly diagnosed with hypertension, if they had
not received treatment for hypertension within 2 weeks of
study entry, or if they agreed to or could withdraw from their
current hypertensive therapy for the 2-week washout period.
Mild-to-moderate hypertension was defined as a mean sitting
diastolic blood pressure (SiDBP) reading of 90—-109 mmHg,
calculated by averaging two measurements taken 2 minutes
apart. In addition, patients with diabetes or renal insufficiency
(serum creatinine 1.5 to <2.5 mg/dL) with mean sitting sys-
tolic blood pressure (SiSBP) more than 130 mmHg and mean
SiDBP more than 80 mmHg at study entry were allowed to
enroll in this study. All patients provided voluntary written
informed consent to participate in this study.

Patients were excluded from the study if they met any of the
following exclusion criteria: 1) severe hypertension (defined as
mean SiDBP =110 mmHg and/or mean SiSBP =180 mmHg
at the screening and randomization visits); 2) a change in
SiDBP =10 mmHg or a change in SiSBP =20 mmHg mea-
sured in both arms at the screening and baseline visits; 3) any
secondary hypertension such as coarctation of the aorta,
aldosteronism, renal artery stenosis, Cushing’s syndrome,
pheochromocytoma, polycystic kidney disease, adrenomed-
ullary hyperfunction, and hyperadrenocorticism; 4) uncon-
trolled diabetes before the screening visit (HbA1C =9%);
5) malignant hypertension; 6) symptomatic orthostatic
hypotension; 7) history of congestive heart failure (NYHA
class III or IV), unstable angina, myocardial infarction,
peripheral artery disease, or receiving percutaneous coronary
intervention or coronary artery bypass graft within 6 months
of screening; 8) clinically significant ventricular tachycardia,
ventricular fibrillation, or ventricular flutter; 9) history of
stroke, cerebral infarction, or cerebral hemorrhage within

6 months of screening; 10) subjects needing other antihy-
pertensive drugs such as ACE inhibitors, calcium channel
antagonists, B-blockers, a-blockers, ARBs, or vasodilators;
11) or subjects needing to be treated with any drugs that
could affect the BP.

Study design

This study was a randomized, open-label, multicenter, Phase IV
clinical trial to compare the antihypertensive efficacy and
safety of generic irbesartan (Aprtan®) and branded irbesar-
tan (Aprovel®) in patients with mild-to-moderate essential
hypertension. In addition, this study aimed to determine
whether the antihypertensive effect of generic irbesartan
is non-inferior to that of branded irbesartan. The study was
approved by the institutional review board of each participat-
ing center (Table S1). Figure 1 summarizes the study design.
Random assignments were made by a randomization table
using the statistical program, SAS version 9.2 (SAS Institute
Inc., Cary, NC, USA). After voluntary consent to participate
in the study, subjects went through both a screening and a
washout period. Subjects who met the eligibility criteria
were randomized into the study group (150 mg generic
irbesartan), and control group (150 mg branded irbesartan)
at a 1:1 ratio, and the treatments were orally administered
for 8 weeks. Subjects were asked to visit the study center
at Weeks 4 and 8 after treatment initiation for efficacy and
safety assessments.

Efficacy evaluation

A calibrated mercury sphygmomanometer was used to
measure the subjects’ BP, and BP was measured at least
twice in both arms; the arm that recorded higher SiDBP
was selected as the reference arm. If both arms showed the
same SiDBP, the arm with the higher SiSBP was selected.
Subsequently, the selected arm was used to measure BP at
each visit before any other procedure. The primary endpoint
of this study was the change in mean SiDBP at Week 8 from
baseline in the generic and branded irbesartan groups. The
secondary endpoints were the change in mean SiDBP at
Week 4 from baseline in both groups, the change in mean
SiSBP at Weeks 4 and 8 from baseline in both groups, the nor-
malization rate of BP (defined as the proportion of responders
with SiDBP <90 mmHg and SiSBP <140 mmHg) at Week
8 from baseline in both groups, and the response rate of
BP (defined as the proportion of subjects whose SiDBP
decreased >10 mmHg and SiSBP decreased >20 mmHg) at
Week 8 from baseline in both groups. In addition, subgroup
analysis was conducted to compare the change in SiDBP at
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Generic irbesartan 150 mg daily

Washout period

Screening

Open-label, randomized treatment

Brand irbesartan 150 mg daily

- 2 weeks - 8 weeks

\ \ \ \

Visit 1 Visit 2 Visit 3 Visit 4
(D-14) (Week 0) (Week 4) (Week 8)

Figure | Study design.

Week 8 from baseline in the generic and branded irbesartan
groups, and to compare the effect of irbesartan treatment
(combined generic and branded irbesartan groups) according
to the baseline characteristics of the study patients.

For tolerability evaluation, the subjects’ drug compli-
ance was confirmed by using the prescriptions and the
drugs returned by the subject. Drug compliance was defined
as the number of tablets absent in a study period divided
by the number of tablets the subject was planned to take in
the same period. The drugs remaining after administration
were returned to the pharmacy, and their quantities were
recorded.

Safety evaluation

Safety-profile endpoints were treatment-related adverse
events (TRAESs), defined as any untoward events not
present before administration of the study drug or events
already present that worsened in intensity or frequency
during treatment. TRAEs included abnormalities found on
clinical laboratory testing, vital signs, physical examination,
and/or electrocardiography (ECG) readings. Regardless of
the causal relationship with the study drug, clinical symp-
toms, onset dates, stop dates, severities, whether such adverse
events (AEs) caused drug discontinuation, and the causal
relationships with the study drug were recorded. All clini-
cally significant abnormal laboratory test results (including
hematology/blood biochemistry tests, urine tests, and ECQG)
were collected as AEs. Moreover, AEs were classified as
adverse event, adverse drug reaction, and serious adverse
event. In addition, the intensity of AEs was classified as mild,
moderate, and severe. AE terms were coded using coding
World Health Organization Adverse Reaction Terminology
(WHOART) 092.

Statistical analysis

All efficacy analyses were conducted by a full analysis set
(FAS) analysis. For the primary efficacy analysis, a one-sided
97.5% lower limit of difference rate and two-sided 95% CI
of difference between the two groups was computed. The
non-inferiority margin was set as 4 mmHg, as in a previous
similar study.** The number of subjects was determined to
assume a one-sided significance level of 0.025 and a 90% sta-
tistical power. The calculation indicated that 72 subjects were
required for each group. Considering an average dropout rate
of 20%, the total number of subjects was determined to be
90 for each group. Demographic and baseline characteristics
were summarized descriptively for all participating patient
subjects. After testing data for normality, continuous vari-
ables were expressed as the mean + SD/standard error (SE)
or median (range: 25%—75%). The last-observation-carried-
forward was used to impute missing values in the intent-to-
treat data set. For intergroup differences, the Student’s 7-test
or Mann—Whitney U test was used to evaluate the statistical
significances of continuous data, and a chi-squared test
or Fisher’s exact test was used appropriately for categori-
cal data. Change from baseline to Weeks 4 and 8 in mean
SiDBP and mean SiSBP were analyzed by using the paired
t-test for intragroup comparison, and Wilcoxon’s rank sum
test was used for intergroup comparison. The normalization
rate and response rate of BP at Week 8 were analyzed by
using the chi-squared test to compare between the treatment
groups. The Student’s #-test or Mann—Whitney U test was
used to test the difference of change in SiDBP at Week 8
after irbesartan treatment (whole study group as well as
the generic and branded irbesartan groups) from baseline
between subgroups created by baseline characteristics of the
study patients. The difference of change in SIDBP at Week 8
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from baseline between the generic and branded irbesartan
groups in the subgroups of baseline characteristics was tested
by the Student’s f-test or Mann—Whitney U test. All safety
analyses were conducted by a safety-set analysis. For AEs,
the number of patients who experienced one or more adverse
drug reactions was recorded. Data are presented as percent-
ages and two-sided 95% ClIs. Intergroup comparisons were
conducted using a chi-squared or Fisher’s exact test. Values
of P<<0.05 were considered statistically significant. All sta-
tistical analyses were conducted by using SAS version 9.2
(SAS Institute Inc., Cary, NC, USA).

Results
Study flow of subjects

A total of 221 subjects were screened in nine hospitals.
Of'these, 44 subjects (19.91%) were excluded for not meeting
inclusion or exclusion criteria (32 subjects) and withdrawal
of consent (12 subjects). Consequently, 177 subjects in the
intention-to-treat set were randomized to treatment, where
91 subjects were placed in the generic irbesartan 150-mg
group and 86 subjects in the branded irbesartan 150-mg
group. Of the 177 randomized subjects, one subject was
excluded from the safety set due to non-administration of

investigational product and eight subjects were excluded
from the FAS due to non-measurement of the primary
endpoint. Finally, 13 subjects were excluded from the per
protocol set due to violation for inclusion/exclusion criteria
(four subjects), withdrawal of consent (six subjects), loss of
follow-up (one subject), AEs (one subject in the branded irbe-
sartan group), and violation of study protocol (one subject).
Therefore, data of a total of 155 subjects (79 subjects in the
generic irbesartan group and 76 in the branded irbesartan
group) were analyzed as the per protocol set. Figure 2 shows
the flow of study subjects.

Baseline characteristics of study subjects

Table 1 summarizes the baseline characteristics of the study
population. On the intention-to-treat analysis, there were no
significant differences in baseline characteristics between the
two groups including BP, cardiovascular risk factors, drugs
treatment, and laboratory findings. The history of treatment
with antihypertensive agents did not differ significantly
between generic irbesartan and branded irbesartan groups;
44.6% of all study subjects were naive for antihypertensive
agents and 37.9% of study subjects received multiple anti-
hypertensive agents at the initial screening periods (Table 1).

N=221 screened for eligibility

N=44 excluded
Reasons for exclusion:

— Withdrawal (n=12)
— Violation of inclusion/exclusion criteria (n=32)

N=177 randomized for treatment

Intention to treat set

Generic Brand
irbesartan irbesartan
N=91 N=86

N=9 excluded from FAS

Reasons for exclusion:

— Primary endpoint not measured (n=8)
— Study drug not administered (n=1)

Generic irbesartan
N=86

Brand irbesartan
N=82

Full analysis set

Completed, N=79

Completed, N=76

Per protocol set

Discontinued, N=7

Discontinued, N=6

Reasons for discontinuation:

— Withdrawal (n=5)

— Violation of inclusion/
exclusion criteria (n=1)

— Violation of study protocol
(n=1)

Reasons for discontinuation:

— Withdrawal (n=1)

— Violation of inclusion/
exclusion criteria (n=3)

— Adverse events (n=1)

— Loss to follow-up (n=1)

Figure 2 Study flow.

submit your manuscript

4220

Dove

Drug Design, Development and Therapy 2018:12


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Efficacy and safety of irbesartan on hypertensive patients

Table | Baseline characteristics of the study subjects (intention-

to-treat set)

Characteristics Generic Brand P-value
irbesartan irbesartan
(N=91) (N=86)

Age (years) 54.2+11.0 56.2+12.7 0.26

Male, n (%) 51 (56.0) 44 (51.2) 0.52

Height (cm) 163.1£9.8 162.1+9.3 0.45

Weight (kg) 66.4+11.8 68.3£13.7 0.33

BMI (kg/m?) 24.943.0 26.1+4.7 0.05

Diabetes mellitus, n (%) 16 (17.6) 17 (19.8) 0.71

Baseline SiSBP 145.0£11.4  1442+114 0.64

Baseline SiDBP 94.7+6.4 94.2+6.8 0.63

Previously treated for HTN 50 (54.9) 48 (55.8) 0.91

Number of previous medications 0.92

— None 41 (45.1) 38 (44.2)

— Monotherapy 17 (18.7) 13 (15.1)

— Dual therapy 24 (26.4) 27 (31.4)

— Triple therapy 6 (6.6) 6 (7.0)

— Quadruple therapy 2(22) 2 (2.3)

— Unknown I (1.1) 0(0)

Previous use of ACE inhibitors 2(22) 6 (7.0) 0.16

Previous use of ARBs 41 (45.1) 36 (41.9) 0.76

Laboratory findings

— Total cholesterol, mg/dL 183.2+36.3  180.1+41.4 059

— LDL-C, mg/dL 104.5£32.5 101.6+30.2 0.53

— TG, mg/dL 148.5+92.7  1452+984 0.82

— HDL-C, mg/dL 52.8+12.3 S5Lixll4 0.33

— AST, IU/L 26.4+x11.2 25.70x11.4 0.68

— ALT, IU/L 26.6+16.4 26.7+20.7 0.96

— Creatinine, mg/dL 0.9+0.2 0.8+0.2 0.6l

Note: Data are expressed as number + SD or number (percentage).
Abbreviations: ACE,angiotensin-convertingenzyme; ALT,alanineaminotransferase;
ARB, angiotensin type Il receptor blocker; AST, aspartate aminotransferase; BMI,
body mass index; HDL-C, high-density lipoprotein cholesterol; HTN, hypertension;
LDL-C, low-density lipoprotein cholesterol; SiDBP, sitting diastolic blood pressure;
SiSBP, sitting systolic blood pressure; TG, triglyceride.

In addition, there were no significant differences in baseline
characteristics and previous treatment history of antihyper-
tensive agents between the two groups in the FAS analysis
(Table S2).

Primary efficacy analysis

Analysis of the primary endpoint revealed that, after
8 weeks of treatment, the mean SiDBP had decreased by
10.3£8.0 mmHg in the generic irbesartan group and by
10.7£7.7 mmHg in the branded irbesartan group relative
to baseline SiDBP, indicating the significant antihyper-
tensive efficacy of both groups (P<<0.0001, respectively).
By FAS analysis, the mean difference between the generic
and branded irbesartan groups of the changes of SiDBP
after 8 weeks of treatment was —0.411.2 mmHg, and the
one-sided 97.5% lower limit was —2.8 mmHg, which meets
the -4 mmHg margin of non-inferiority. Therefore, generic
irbesartan was shown to be non-inferior in SiDBP reduction
compared to branded irbesartan (Table 2).

The difference of change in SiDBP at Week 8 from
baseline between the generic and branded irbesartan groups
was not statistically significant in all subgroups (all P<<0.05;
Figure S1).

Secondary efficacy analysis

Generic and branded irbesartan, in 4 weeks of treatment,
significantly reduced mean SiDBP compared with those of
the baseline SiDBP (—9.448.1 and —9.9+7.4 mmHg, each
P<0.0001). In addition, the mean changes of SiDBP after

Table 2 Changes in mean sitting blood pressure from baseline (full analysis set)

SiDBP SiSBP
Parameters Generic Branded P-value Generic Branded P-value
irbesartan irbesartan irbesartan irbesartan
(N=86) (N=82) (N=86) (N=82)
Baseline (mmHg) 94.916.3 94.716.6 0.79 14531 1.5 144.9+1 1.1 0.85
Week 4 (mmHg) 85.519.5 84.818.8 0.60 130.4+15.4 130.6+14.5 0.91
— Difference from baseline (mmHg) | —9.4£8.1 -9.9+7.4 0.69 —14.9+12.9 —14.3£14.6 0.78
— P-value <0.0001 <0.0001 <0.0001 <0.0001
— Between-group difference —0.5+1.2 0.69 0.612.1 0.78
(mmHg) (=29, 1.9) (=3.6,4.8)
Week 8 (mmHg) 84.619.7 94.0£8.9 0.67 128.8+15.2 128.4+13.7 0.86
— Difference from baseline (mmHg) | —10.3+8.0 -10.7£7.7 0.76 -16.5%12.4 —16.6x14.2 0.97
— P-value <0.0001 <0.0001 <0.0001 <0.0001
— Between-group difference —0.4%1.2 0.76 —0.1£2.1 0.97
(mmHg) (-2.8,2.0) (4.1, 4.0)
Note: Data expressed as mean * SD or (95% two-sided Cl), unless specified otherwise.
Abbreviations: SiDBP, sitting diastolic blood pressure; SiSBP, sitting systolic blood pressure.
Drug Design, Development and Therapy 2018:12 submit your manuscript 4221
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4 weeks of treatments compared to those of the baseline
SiDBP between the two groups did not differ significantly
(P=0.69; Table 2).

The mean SiSBP at 4 weeks of treatment in the generic
and branded irbesartan groups significantly reduced,
as compared with the baseline SiSBP (-14.9+£12.9
and —14.3+14.6 mmHg, each P<<0.0001) and that at 8 weeks
(—16.5£12.4 and —16.6£14.2 mmHg, each P<<0.0001). The
mean changes of SiSBP after 4 or 8§ weeks of treatment
between the two groups did not differ significantly (P=0.78
and P=0.97, respectively). In addition, percentage changes
in SiDBP and SiSBP at Week 8 between the generic and
branded irbesartan groups did not differ significantly.

Normalization rate of BP

The SiDBP and SiSBP after 8 weeks treatment were normal-
ized in 58 subjects (67.4%) in the generic irbesartan group
and 62 subjects (75.6%) in the branded irbesartan group, and
the normalization rate of BP at Week 8, from baseline, did
not differ significantly between the two groups (P=0.24).

Response rate of BP

The response rate of BP at Week 8 from baseline was not
significantly different between the two groups (generic
irbesartan group 46.5% vs branded irbesartan group
36.6%, P=0.19).

Tolerability

On the safety-set analysis, the mean drug-exposure period
did not differ significantly between the two groups (generic
irbesartan group 52.7+12.8 days vs brand irbesartan group

Table 3 Incidence of adverse events

53.7£11.6 days, P=0.66). In addition, the mean number of
drug administrations during the drug-exposure period did
not differ significantly between the two groups (generic
irbesartan group 50.2+13.0 days vs branded irbesartan
group 51.5+11.2 days, P=0.76). Drug compliance did not
differ significantly between the two groups (generic irbe-
sartan group 95.47%8.6% vs branded irbesartan group
96.0%x7.3%, P=0.63).

Safety analysis
All safety analyses were conducted by the safety-set analy-
sis. Table 3 and Table S3 reveal the AEs in both groups.
The incidence of AEs did not differ significantly between
the two groups (generic irbesartan group 16.7% vs branded
irbesartan group 24.4%, P=0.20). Furthermore, the incidence
of AEs related to study drugs did not differ significantly
between the two groups (P=0.44; Table 3). Moreover, the
frequency of serious AEs was not different between the two
groups (generic irbesartan group 1.1% vs branded irbesartan
group, 0%, P=1.00). In addition, one serious AE (macula
luteal abnormality) was reported in the generic irbesartan
group; however, it was not severe and was classified by the
investigators as a serious AE not related to the study drug.
Furthermore, the severity of all AEs was not statistically dif-
ferent between the two groups. Two patients in the branded
irbesartan group withdrew from the study due to adverse
events (dizziness and headache, respectively), which was
suspected to be related to the study drug.

The change in SiDBP at Week 8 from baseline after
irbesartan (whole study group as well as generic and
branded irbesartan groups) treatment among subgroups of

Generic irbesartan (N=90) Brand irbesartan (N=86) P-value
N (%) 95% CI Incidence N (%) 95% CI Incidence
Severity N Severity N
AE 15 (9.0, 24.4) Mild 17 21 (15.3, 33.5) Mild 29 0.20
(16.7) Moderate 2 (24.4) Moderate |
Severe 0 Severe 0
Total 19 Total 30
ADR 2 (0, 5.3) Mild 2 4 0.2,9.1) Mild 4 0.44
(2.2) Moderate 0 4.7) Moderate |
Severe 0 Severe 0
Total 2 Total 5
SAE | (0, 3.3) Mild 0 0 (0.0, 0.0) Mild 0 1.00
(1.1 Moderate | 0) Moderate 0
Severe 0 Severe 0
Total | Total 0

Note: Data are expressed as number (percentage) or (95% Cl), unless specified otherwise.
Abbreviations: ADR, adverse drug reaction; AE, adverse event; SAE, severe adverse event.
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Change in SiDBP at Week 8 from baseline (mmHg)

Subgroup n 0 -10 P-value
Male 92

0.12
Female 76
Prev. Tx (+) 92 .
Prev. Tx (=) 76 0.04%
Age 265 45
Age <65 123 0.40
DM 29
Non-DM 139 0.44
BMI 225 81 *
BMI <25 87 0.04
LDL-C 2130 31 .
LDL-C <130 137 0.02%
HDL-C =250 94
HDL-C <50 74 0.68
TG 2150 62
TG <150 106 0.55

Figure 3 Change in SiDBP at Week 8 from baseline after irbesartan (whole study group as well as generic and branded irbesartan groups) treatment among subgroups of

baseline characteristics (full analysis set).

Note: Bars indicate mean, and lines indicate standard error of mean. *Statistically significant.
Abbreviations: BMI, body mass index; DM, diabetes mellitus; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; Prev. Tx, previous
treatment history of antihypertensive agent; SiDBP, sitting diastolic blood pressure; TG, triglyceride.

baseline characteristics (FAS) was evaluated. Irbesartan
treatment reduced SiDBP at Week 8 from baseline in female
patients more than in male patients, but the difference was
not statistically significant (P=0.12). Of interest, subjects
in the study subgroup with body mass index (BMI) less
than 25 kg/m? showed significant SiDBP reduction from
baseline as compared with subjects with BMI more than
25 kg/m?; moreover, subjects with LDL-C 130 mg/dL or
more showed significant SiDBP reduction from baseline
than subjects with LDL-C less than 130 mg/dL (P=0.04 and
P=0.02, respectively). Of further interest, the response of
SiDBP at Week 8 from baseline after irbesartan treatment
was greater in antihypertensive-naive subjects than in sub-
jects with a previous history of antihypertensive treatment
(P=0.04; Figure 3 and Table S4). In addition, the response
of SIDBP at Week 8 from baseline after irbesartan treatment
in antihypertensive-naive subjects was similar to that of the
mono-antihypertensive agent group and greater than in those
in the dual- and triple-antihypertensive treatment groups
(Table S4). Other subgroups of baseline characteristics did
not differ with regard to the response of SiDBP at Week 8

from baseline after irbesartan treatment.

Discussion
Our study demonstrated that generic irbesartan treatment in
mild-to-moderate essential Korean hypertensive patients has
shown effective antihypertensive effects that are comparable
with branded irbesartan treatment in terms of similar reduc-
tion of SiDBP and SiSBP at 4 and 8 weeks, with similar
incidences of adverse effects. Generic irbesartan (Aprtan®)
has proven bioequivalence in the field of AUCand C__, and
is approved by the Korean Food and Drug Administration
(FDA) and prescribed in real-world clinical practice. As a
result of the bioequivalence test, the 90% CIs using logarith-
mically transformed data were within the acceptance range of
log 0.8 to log 1.25 (log 0.93 to log 1.06 and log 0.94 to log
1.12 for AUCand C

max”’

clinical trial, the BP-reduction effects of generic irbesartan

respectively). In our current Phase [V

treatment met non-inferiority criteria. With regard to the
safety profile, generic irbesartan treatment was well toler-
ated and showed similar incidence of AEs as compared to
branded irbesartan treatment, and the frequency of serious
AEs was very rare and did not differ between the two groups.
Therefore, our study demonstrated that generic irbesartan is
an effective antihypertensive agent in patients with mild-to-
moderate essential hypertension without safety concerns.
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Hypertension is the most common condition seen in
primary care and, if not diagnosed early and treated appropri-
ately, it leads to myocardial infarction, stroke, renal failure,
and death.’ Abundant evidence from randomized controlled
trials has shown the benefit of antihypertensive drug treat-
ment in reducing important health outcomes in patients with
hypertension.>® In the pathogenesis of hypertension, the
activation of the renin—angiotensin—aldosterone system is
an important pathophysiologic mechanism of hypertension.
The incidence of a cough and angioedema is significantly
lower with ARBs than with ACE inhibitors. ARBs have
similar long-term effects on BP, with fewer withdrawals due
to adverse events.'

Based on these characteristics, the prevalence of anti-
hypertensive medication use among hypertensive adults in
the US showed that the use of ARBs increased 100% from
2001 to 2010.° Irbesartan acts selectively and competitively
as a representative drug of ARBs and has widespread use
worldwide. The generic irbesartan developed by Dong-A
ST in Korea has shown bioequivalence with branded
irbesartan. In our current study, generic irbesartan treat-
ment for 8 weeks showed 10.3 mmHg reduction of mean
SiDBP, which was comparable with that of branded irbe-
sartan treatment in patients with mild-to-moderate essential
hypertension. In addition, the reductions of SiDBP and
SiSBP between the two groups were similar throughout
the study period. The SiDBP and SiSBP reduction of the
generic irbesartan group at 8 weeks in our current study
were —10.318.0/-16.5£12.4 mmHg, which are comparable
with those of previous reports (7—13/10-23 mmHg).!*!! The
response rate of the generic irbesartan group was 46.5%,
which is similar to that in previous reports (34%—72%).!°
Generic irbesartan treatment showed effective BP reduction
in various subgroups by baseline characteristics, and the BP
reduction with generic irbesartan treatment was comparable
with that of branded irbesartan treatment in patients with
various subgroups by baseline characteristics. In our cur-
rent study, irbesartan treatment has shown less effective
BP reduction in patients with BMI of 25 kg/m? or higher.
Several studies have indicated that patients with obesity
and hypertension require more antihypertensive medica-
tions; nevertheless, their BP was less well controlled when
compared with normal-weight patients with hypertension.'!?
Irbesartan treatment has shown effective BP reduction in
patients with LDL-C 130 mg/dL or greater. The previous
study demonstrated that LDL-C induces expression of the
ATI receptor.'* Therefore, irbesartan treatment in patients
with high LDL-C may reduce mainly BP via blockade of

the AT1 receptors. Among all study subjects, 54.8% of all
study subjects were on antihypertensive treatments before
the initial screening points. Of interest, the extent of BP
reduction of irbesartan in patients with a history of anti-
hypertensive agents was small, especially among subjects
who took dual- and triple-antihypertensive therapy, when
compared to antihypertensive-naive subjects. This result may
suggest that subjects with more severe hypertension who
require a greater number of antihypertensive agents need
intensive antihypertensive treatment. As the sample size of
this subgroup analysis was small, larger-scale studies should
be conducted to validate our results.

Previous studies have reported that the incidence of
adverse drug experiences in patients receiving irbesartan
monotherapy was 20%, with 6% of patients discontinu-
ing because of AEs."” In our current study, 16.7% of AEs
occurred in the generic irbesartan group, and the rates of
AEs in the generic irbesartan group was similar to that of the
branded irbesartan group, at 24.4%. In addition, only 2.2%
of drug-related AEs in the generic irbesartan group occurred,
as compared to 4.7% in the branded irbesartan group, and
the frequency of serious AEs was very rare, which was also
not different between the two groups.

Our study has several potential limitations. First, this
study is an open-label study, which might have influenced
the study results. Because generic irbesartan (Aprtan®) was
already approved by the Korean FDA based on a bioequiva-
lence study and widely prescribed in routine clinical
practice and given that this study was not a Phase III, but
a Phase IV, study, we selected an open-label study design
and believe that the trial design may not have affected
the study results. Second, the use of SiDBP as the main
enrollment criterion, which excludes patients with isolated
systolic hypertension, might limit the applicability of the
study results. However, the Clinical Trial Guidance for
Antihypertensive Agents by the Korean FDA suggests
using SiDBP as the main eligibility criterion. Third, we
only evaluated BP and AEs; therefore, further evalua-
tions of the efficacy of generic irbesartan on target-organ
damage and clinical outcomes are warranted in the future.
Fourth, 37.9% of study subjects had a treatment history of
multiple antihypertensive agents; although subjects with
antihypertensive treatments on initial screening underwent
a 2-week washout period, this may have influenced the
results of our study.

In conclusion, generic irbesartan treatment in patients
with mild-to-moderate essential hypertension has shown
effective antihypertensive effects that are comparable with
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that of branded irbesartan treatment with a similar incidence
of adverse effects.
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Supplementary materials

Table S| List of institutional review boards

r4
)

Institutional review boards

Gachon University Gil Medical Center IRB (institutional review board)

IRB, Gangnam Severance Hospital Yonsei University College of Medicine

Korea University Guro Hospital IRB

CHA Bundang Medical Center IRB

Seoul National University Hospital IRB

The IRB of Ajou University Hospital

IRB for Human Research Yonsei University Wonju Severance Christian Hospital
Ewha Womans University Mokdong Hospital IRB (institutional review board)

O 00 NOoON AW N —

Chung-Ang University Hospital IRB

Table S2 Baseline characteristics of the study subjects (full analysis set)

Generic Branded P-value
irbesartan irbesartan
(N=86) (N=82)
Age (years) 53.8£10.9 56.2+12.9 0.19
Male, n (%) 50 (58.1) 42 (51.2) 0.44
Height (cm) 163.6+9.7 161.8+9.2 0.22
Weight (kg) 66.8+11.9 68.3+13.9 0.46
BMI (kg/m?) 24.943.0 26.1+4.7 0.05
Diabetes mellitus, n (%) 14 (16.3) 15(18.3) 0.84
Baseline SiSBP 145.3£11.5 144.9+11.1 0.85
Baseline SiDBP 94.9+6.3 94.616.6 0.79
Previously treated for HTN 46 (53.5) 46 (56.1) 0.76
Number of previous medications 0.72
None 40 (46.5) 36 (43.9)
Monotherapy 16 (18.6) 11 (13.4)
Dual therapy 24 (27.9) 27 (32.9)
Triple therapy 4(4.7) 6(7.3)
Quadruple therapy 1(1.2) 2 (24)
Unknown 1 (1.2)
Previous use of ACE inhibitors 2(2.3) 6(7.3) 0.16
Previous use ARBs 37 (43.0) 35 (42.7) 1.00
Laboratory findings
Total cholesterol, mg/dL 184.9+36.2 180.3+40.9 0.43
LDL-C, mg/dL 106.5+32.4 101.5+29.9 0.30
TG, mg/dL 149.7492.5 145.6+99.5 0.79
HDL-C, mg/dL 52.4+11.9 51.211.6 0.49
AST, IU/L 268114 26.0£11.6 0.64
ALT, IU/L 27.1+16.7 27.2421.1 0.98
Creatinine, mg/dL 0.9+0.2 0.8+0.2 0.59

Note: Data are expressed as number * SD or number (percentage).

Abbreviations: ACE, angiotensin-converting enzyme; ALT, alanine aminotransferase; ARB, angiotensin receptor blocker; AST, aspartate aminotransferase; BMI, body mass
index; HDL-C, high-density lipoprotein cholesterol; HTN, hypertension; LDL-C, low-density lipoprotein cholesterol; SiDBP, sitting diastolic blood pressure; SiSBP, sitting
systolic blood pressure; TG, triglyceride.
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Subgroup n P-value

Male 92 0.83 —e—
Female 76 0.95 E]

Prev. Tx (+) 92 0.78 —q—

Prev. Tx (<) 76 0.42 H—¥—
Age 265 45 0.38 y

Age <65 123 0.99 ——

DM 29 0.21 &

Non-DM 139 0.36 —1——
BMI 225 81 0.17 —_—————
BMI <25 87 0.55 —_—————

LDL-C 2130 31 0.28 S
LDL-C <130 137 0.91 —F—

HDL-C 250 94 0.39 ——0—
HDL-C <50 74 0.64 —a—1—

TG 2150 62 0.34 ' ¥
TG <150 106 0.57 ——

<«—— Generic better

Brand better —»

T
-10

0
Difference in SiDBP, generic-brand irbesartan (mmHg)

T
10

Figure S| The difference of change in SIDBP between generic and brand irbesartan groups at Week 8 from baseline, based on baseline characteristics.
Abbreviations: BMI, body mass index; DM, diabetes mellitus; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; Prev. Tx, previous
treatment history of antihypertensive agent; SiDBP, sitting diastolic blood pressure; TG, triglyceride.
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Table S3 Description of all adverse events by system organ class

Aprtan® Aprovel® P-value
(N=90) (N=86)
N (%) No of N (%) No of
incidence incidence
Total, n (%) 15 (16.7) 19 21 (24.4) 30 0.20
Nervous system disorders 8 (8.9) 9 10 (11.6) 10
Headache 4 (4.4) 4 4 4.7) 4
Dizziness 3 (3.3) 4 5 (5.8) 5
Tic | (1.1) | 0 (0.0) 0
Vertigo 0 (0.0 0 | (1.2) |
Gastrointestinal disorders 2 (2.2) 3 4 (4.7) 5
Heartburn 0 (0.0) 0 | (1.2) 2
Oral pain | (1.1) | 0 (0.0 0
Hiccough | (1.1) | 0 (0.0) 0
Abdominal pain upper 0 (0.0) 0 | (1.2) |
Nausea 0 (0.0 0 | (1.2) |
Gastrointestinal pain 0 (0.0) 0 | (1.2) |
Lip soreness | (1.1) | 0 (0.0) 0
Respiratory disorders 2 (2.2) 2 3 (3.5) 3
Cough | (1.1) | | (1.2) |
Common cold | (1.1 | 0 (0.0) 0
Hyperventilation 0 (0.0) 0 | (1.2) |
Dyspnea 0 (0.0) 0 | (1.2) |
General disorders | (1.1 | 3 (3.5) 3
Chest discomfort 0 0.0 0 2 (2.3) 2
Chest pain 0 (0.0) 0 | (1.2) |
Head discomfort | (1.1) | 0 (0.0) 0
Musculoskeletal and connective tissue 0 (0.0) 0 3 (3.5) 3
Myalgia 0 (0.0) 0 2 (2.3) 2
Fracture lower limb 0 (0.0) 0 | (1.2) |
Eye disorders | (1.1 | | (1.2) |
Abnormal sensation in eye 0 (0.0) 0 | (1.2) |
Macula luteal abnormality | (.1 | 0 (0.0) 0
Renal and urinary disorders | (.1 | | (1.2) 2
Micturition painful 0 (0.0 0 | (1.2) |
Nephrotic syndrome | (1.1) | 0 (0.0) 0
Hematuria 0 (0.0 0 | (1.2) |
Skin and subcutaneous tissue disorders | (1.1) | | (1.2) |
Rash | (1.1) | 0 (0.0) 0
Alopecia 0 (0.0) 0 | (1.2) |
Neoplasm | (1.1 | 0 (0.0) 0
Thyroid carcinoma | (1.1 | 0 (0.0) 0
Cardiac disorders 0 (0.0) 0 | (1.2) |
Arrhythmia 0 (0.0) 0 | (1.2) |
Psychiatric disorders 0 (0.0) 0 | (1.2) |
Drowsiness 0 0.0 0 | (1.2) |

Notes: Data are expressed as number (percentage). Coding Dictionary: WHOART 092.
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Table S4 Changes in SiDBP at Week 8 from baseline by subgroup (whole study population, full analysis set)

Subgroup n Mean + SD A (SE) 95% ClI P-value
Sex

Male 92 -9.7£7.0

Female 76 —11.5+8.7 1.9 (1.2) 05,43 0.12
Age (years)

=65 45 -9.747.8

<65 123 —-10.8+7.8 1.2 (1.4) -1.5,3.9 0.40
DM

Yes 29 —11.548.1

No 139 —-10.3£7.8 -1.2.(1.6) —44,1.9 0.44
BMI (kg/m?)

=25 8l -9.247.5

<25 87 —11.718.0 2.5(1.2) 0.1, 4.9 0.04
LDL-C (mg/dL)

=130 31 —13.447.1

<130 137 -9.9+7.8 -3.6 (1.5) —6.6,-0.5 0.02
HDL-C (mg/dL)

=50 94 —-10.7£7.6

<50 74 —-10.248.2 -0.5(1.2) -29,1.9 0.68
TG (mg/dL)

=150 62 —10.0£9.1

<150 106 —-10.8£7.0 0.8 (1.3) -1.9,3.5 0.55

Prev. Tx (+) 92 -9.4+7.5

Prev. Tx (-) 76 —11.9+8.0 -25(1.2) -4.9,-0.1 0.04
Number of previous
antihypertensive agents

None 76 —11.9£8.0

Mono 27 =11.947.1 0.1 (1.7) -35,33 0.96

Dual 51 —8.5+7.5 -3.5(1.4) -6.2,-0.8 0.01

Triple 10 —5.8+7.5 —6.2 (2.6) =113, =11 0.02

Quadruple 3 —12.0£7.2 0.1 (4.5) -8.8,8.9 0.99

Note: Data are expressed as number or mean * SD or A (SE), mean of difference (standard error) or 95% CI.
Abbreviations: A, difference between groups; BMI, body mass index; DM, diabetes mellitus; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol; Prev. Tx, previous treatment history of antihypertensive agent; SiDBP, sitting diastolic blood pressure; SE, standard error; TG, triglyceride.
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