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ABSTRACT
Economic benefits associated with the usage of generic drugs have been suggested to increase patients' adherence to
their medications and to improve patients' health outcomes. However, the therapeutic equivalence of certain generic
products to their branded counterparts has been questioned. Our study aims to compare the efficacy and safety of
generic and branded ivabradine in adult patients with chronic heart failure with reduced ejection fraction (≤40%)
(HFrEF). This was a randomized, open-label, crossover, and two-period comparative study. A total of 32 patients
with HFrEF were randomized into two groups. Group A received brand ivabradine® for 12 weeks followed by
generic ivabradine for the next 12 weeks. Group B received generic ivabradine for 12 weeks followed by brand
ivabradine for the next 12 weeks with no washout period. The efficacy outcomes included resting heart rate (HR),
New York Heart Association Functional Classification (NYHA FC), Quality of life (QoL) using Minnesota Living
with Heart Failure (MLWHF), and ejection fraction (EF). After taking the drugs for the first 12 weeks, no
statistically significant difference was detected in all efficacy outcomes between Group A and Group B. After
crossover and taking drugs for a further 12 weeks, similar results were obtained. Only minor side effects, mainly
phosphenes were observed in both products. No mortality was demonstrated in both groups. This study showed no
statistically significant difference between the generic and brand ivabradine in terms of efficacy and safety. The
results suggest that generic ivabradine can be a safe substitute for branded ivabradine for economic reasons.
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1. INTRODUCTION
Generic drugs often cost significantly less
than their branded counterparts which can
enhance patient adherence and decrease health

care expenditures [1-4]. This is important for
patients with insufficient income and in case of
restricted budgets of medical insurance programs
[4]. However, generic drugs are considered
therapeutically equivalent only based on simple
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bioequivalence studies. On the other hand,
branded drugs have to demonstrate their clinical
efficacy and safety [5, 6].
So, whether generic drug products are truly
therapeutically identical and interchangeable with
their branded counterparts is still controversial
and thus can compromise the response and/or
safety of patients [7]. Accordingly, and due to the
worldwide
dynamic
expansion
of
the
pharmaceutical market, it is essential to prove the
therapeutic equivalence of the generic drugs,
which are chemical equivalents of their branded
counterparts in terms of active ingredients [8, 9].
Ivabradine is a precise inhibitor of the cardiac
pacemaker (If) current channel, which modifies
pacemaker movement in the sino-atrial node. It
gives pure negative chronotropic action without
influencing atrioventricular or intraventricular
conduction or contractility with no impact on
blood pressure [10, 11].
Ivabradine was approved by the European
Medicines Agency in 2005 and by the United
States Food and Drug Administration in 2015
[12]. It is marketed by Servier under the
name Procoralan (worldwide) and by Amgen
(which acquired United States commercial rights
to the drug from Servier) under the name
Corlanor. Currently, it is incorporated in the
American College of Cardiology/American Heart
Association task force 2017 and the 2016 ESC
guidelines for the management of heart failure. It
is licensed as an additional drug or as an
alternative to beta-blockers (if not tolerated)
when the resting heart rate (HR) remains ≥ 70
bpm in patients with chronic heart failure with
reduced ejection fraction (≤40%) (HFrEF) [1315].
This reduction in HR has been associated with
improved QOL and better prognosis in patients
with HF [16, 17].
However, Ivabradine efficacy in HF patients
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with diastolic dysfunction still needs extensive
evaluation [18].
Ivabradine generics have been introduced into
the Egyptian market, with the cheapest licensed
under the trade name Bradipect® by October
Pharma. According to the first national large
scale registry to study heart failure (HF) patients
in Egypt, the prescription rate for ivabradine in
ambulatory patients with HF was 20.4% [19].
Although ivabradine generics are estimated to
have similar efficacy and tolerability, head-tohead evaluation of generic and reference
ivabradine in terms of efficacy and tolerability
was never performed.
This study aims to compare the therapeutic
equivalence of generic versus brand name
ivabradine in adult Egyptian patients with
HFrEF.
2. METHODS
A randomized, open-label, 2-sequence, 2period crossover study was conducted on 32
Egyptian patients (16 patients in each group) over
a period of 24 weeks with no washout period for
the ethical reason [20]. Patients were recruited
from the outpatient clinic of the Critical Care
Medicine
Department,
Cairo
University
Hospitals, and the Cardiology outpatient clinic,
Ain Shams University Hospitals during the
period from October 2015 to December 2017. All
HF patients with age ≥18 years, New York Heart
Association Functional Classification (NYHA
FC) II, III or IV, sinus rhythm, regular resting
heart rate (HR) ≥70 beats/min, and ejection
fraction (EF) ≤40% were considered for inclusion
into the study. Patients with HF with preserved
EF (HFpEF), atrial fibrillation or flutter,
thyrotoxic heart disease, severe renal impairment
defined as serum creatinine ˃3 mg/dl, and severe
hepatic impairment with signs of liver cell failure
were excluded. Besides, patients on nondihydropyridine calcium-channel blockers, class I
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anti-arrhythmic, and/or strong inhibitors of
cytochrome P450 3A4 were excluded.
2.1. Randomization
Patients were randomized to Group A and
Group B (two phases in each group) by choosing
from closed envelopes that were previously
prepared. Patients in Group A (16 patients)
received brand ivabradine (Procoralan©) tablets
for 12 weeks followed by generic ivabradine
(Bradipect) tablets for another 12 weeks, while
patients in Group B (16 patients) received generic
ivabradine for 12 weeks followed by brand
ivabradine for another 12 weeks.
2.2. Data Collection
Demographic and clinical characteristics were
assessed at baseline and monthly thereafter,
(Table 1). Quality of life was assessed using the
Minnesota Living with HF (MLWHF)
questionnaire [21]. Also, self-reported side
effects and patient adherence to medications were
recorded. Echocardiography was performed by
the same operator that was blinded to treatment
allocated and the previous ECHO findings during
the whole study to calculate EF by 2D modified
Simpson's technique. Renal and liver function
tests, complete blood count (CBC), NYHA FC,
and EF were assessed at baseline and end of each
phase. Medication adherence was evaluated by
pill count. Patients in both groups were
considered adherent to their medications
provided they have taken at least 80% of the
prescribed pills [20].
2.3. Ethical Approval
Approval was granted from the committee of
ethics of faculty of the pharmacy Ain Shams
University (approval number: 238) and Future
University in Egypt (approval number: RECFPSPI-4/28). All recruited patients signed
informed consent before participation in the
study.

2.4. Primary and Secondary Outcomes
Primary outcome measures were resting HR,
EF, NYHA FC, and QoL at the 12th and 24th
week. Also, mortality from cardiovascular
disease, adverse events, and the number of
hospital admissions for worsening HF were
assessed as secondary outcomes.
2.5. Statistical Analysis
Statistical analysis was performed using the
SPSS software (version 22.0). Chi-square test or
Fisher's exact test were used for categorical
variables. Independent-samples t-test was used
for continuous variables and Mann-Whitney Utest was used if numerical data were not normally
distributed. Two-way ANOVA was used to
compare the mean difference of change between
groups [22] followed by Mauchly's posthoc
analysis for pairwise analysis. The significance
level was set at P˂0.05. By using the PASS 11th
release, the minimal sample size for a cross-over
design to detect a significant statistical difference
between the 2 groups was 14 participants in each
group assuming power=0.80 and α=0.05, Effect
Size=0.5 [23-26].
3. RESULTS
3.1. Baseline Assessment
A total of 32 patients were randomized to
Group A or Group B (two phases in each group).
Ischemic heart disease was the most common
etiology
of
HF
(78.1%).
Regarding
comorbidities, 53.1% were hypertensive, 43.8%
were diabetic, and 25% had dyslipidemia. There
was no significant difference between both
groups in laboratory parameters, demographic
data, cardiac parameters, and NYHA FC.
However, the mean EF of group A was
significantly lower than group B, p-value=0.02,
(Table 1). Guideline directed medical therapy
(ACEIs/ARBs,
β-Blockers,
spironolactone,
diuretics), patients at ≥50% target dose of β
blocker, digoxin, statins, antiplatelets, and
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anticoagulants were comparable in both groups.
There was no change in brand or doses during the
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study either in beta-blocker or digoxin after
randomization.

Table 1. Baseline demographic and clinical characteristics of patients in the two groups
Parameter

Group A (N=16)

Group B (N=16)

P-Value

3(18.8)

7(43.8)

0.12 (a)

Gender (male) n (%)

15 (93.8)

15 (93.8)

1.0 (a)

Current Smoking n (%)

2 (12.5)

6 (37.5)

0.18 (a)

28.28 ±4.89

27.66 ±4.94

0.72 (b)

90.13 ±7.11

94.25±12.71

0.26 (b)

SBP (mean ± SD, mm Hg)

113.13±19.91

120.63±13.40

0.22 (b)

DBP (mean ± SD, mm Hg))

71.56±14.57

77.5±10.65

0.20 (b)

≤35 n (%)

15(93.8)

10(62.5)

0.026 *(a)

LVEF (%)

27.44±4.59

32.0±5.96

0.02 *(b)

Class II n (%)

6 (37.5)

1 (6.3)

0.07 (a)

Class III n (%)

9 (56.3)

12 (75.0)

Class IV n (%)

1 (6.3)

3( 18.8)

31.63 ±15.89

35.69 ±17.64

0.62 (c)

11(68.8)

14(87.5)

0.19 (a)

Demographic characteristics
Age(years)
≥ 55 year n (%)

BMI (mean ± SD ,Kg/m2)
Cardiac Parameters
Heart Rate by ECG (mean ± SD, bpm)

LVEF (%)

NYHA Classifications

QOL (MLWHF score) (me an ± SD)
HF Etiology
Ischemic HF n (%)

Group A: started with brand ivabradine (Procoralan®) for 12 weeks followed by generic ivabradine (Bradipect) for another 12
weeks without washout period.
Group B: started with generic ivabradine (Bradipect) for 12 weeks followed by brand ivabradine (Procoralan®) for another 12
weeks without washout period.
* Statistically Significant.
a)

Fisher exact, b) Independent-samples t-test, c) Mann-Whitney U-test and d) Chi-square test. BMI, body mass index; SBP, systolic

blood pressure; DBP, diastolic blood pressure; LVEF, Lift ventricular ejection fraction; NYHA, New York heart association,
QOL, quality of life; MLWHF, Minnesota live with heart failure; HF, heart failure.
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3.2. Primary Outcomes
3.2.1. HR
All patients received at least 80% of their
drugs during the study period.
At the end of phase 1 (12th week), a
comparable reduction in HR occurred in the two
groups, P-value=0.64. However, at the end of
phase 2 (24th week), no significant deviations
were noticed from data detected at the end of
phase 1 in the two groups, P-value=0.69, The
interaction of time*treatment was not significant
(P-value= 0.28), (Fig. 1).
3.2.2. EF
At the start of phase 1, the mean baseline of
EF was significantly less in group A compared to
group B. However, at the end of phase 1, the
mean EF increased from 27.44±4.59 to
33.38±5.62 with an improvement of 5.94±3.07

and mean % change of 22.19±11.13 in group A
versus 32±5.96 to 39.31±8.95 with an
improvement of 7.31±5.82 and mean % change
of 23.14±17.72 in group B, P=0.98 and 0.78
respectively. At the end of phase 2, when
patients were crossed over to generic drug, there
was a further increase from 33.38±5.62 to 37.75
±5.12 with an improvement of 4.38±4.58 and
mean % change 14.57±15.44 in group A versus
39.31±8.95 to 41.19±7.97 with an improvement
of 1.88 ±2.39 and % change of 5.72 ±7.45 in
group B when patients were crossed over to
brand drug, P=0.13 and 0.12 respectively. The
interaction of time treatment was not significant
(P-value= 0.33). Fig. 2 shows the percentage of
patients with LVEF ≤35% in the two groups, the
improvement in EF was comparable during phase
1 and phase 2 within groups, P-value =0.29 and
1.0, respectively (Fig. 2).

Fig. 1. Mean resting HR during the study period in Group A (16 patients started with the brand ivabradine followed by
generic ivabradine and Group B (16 patients started with generic ivabradine followed by branded ivabradine
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Fig. 2. Percentage of patients with EF≤35 during the study period in Group A (16 patients started with the brand
ivabradine followed by generic ivabradine) and Group B (16 patients started with generic ivabradine followed by brand
ivabradine)

Fig. 3. Proportion of patients in different NYHA classes during the study period in Group A (16 patients started with the
brand ivabradine followed by generic ivabradine and Group B (16 patients started with generic ivabradine followed by
brand ivabradine)

3.2.3. NYHA FC
Fig. 3 shows the NYHA FC classes at
baseline, week 12, and week 24. The
improvement in NYHA FC was similar in both
groups at week 12 (87.5% in group A versus
93.8% in group B) with no further improvement
at week 24 (Fig 3).
3.2.4. QOL

At the end of phase 1, the mean value of the
QOL improved at the end of phase 1 with no
further significant change at the end of phase 2.
Also, the actual QOL improvement was 12±15.23 with a mean % change of 36.71±30.22
in group A versus -12.81±9.19 and mean %
change of 37.66±23.48 in group B, P-value=0.29,
and 0.51, respectively. At the end of phase 2,
there was no further improvement and percent
change in QOL between the two groups (P-
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value=0.55). The interaction of time*treatment
was not significant (P-value=0.85).

visual side effects (Phosphenes) occurred in one
patient in each group. There was no mortality
during the whole study period. The total cost of
the brand product was 2331.80 USD, whereas,
the total cost of the generic product was 1469.27
USD. If the only generic product was used, the
cost-saving would have been 862.53 USD (26.95
USD/patient), which reflects almost 40% saving.
(Table. 2).

3.3. Secondary Outcomes
3.3.1. Adverse events and Cost saving
At the end of both phases, two patients were
hospitalized for worsening HF in group A, and
none in group B. Bradycardia (i.e. HR ˂50bpm)
occurred in two patients in group A. In addition,

Table 2. Cost saving of using generic ivabradine versus brand ivabradine

Name

Dose in
mg

Price/b
ox in
USD

No.of
boxes

No.of
patients

Price of total
boxes

/ 3 months

/32 patients

/3 months

/patient

Procoralan

Bradipect

12.14

6

18

1311.64

7.5

12.14

6

14

1020.16

5

7.44

6

18

803.04

7.5

7.93

6

14

666.23

The most important reason for the benefits
and widespread use of generic drugs is to reduce
health care costs. However, the therapeutic
equivalence of generics to branded drugs is
assumed based on bioequivalence studies only. In
addition, a different toxic effect may exist when
brand and generic drugs are compared.
Accordingly, debatable results occurred when
evaluating the equivalence of both generic and
brand drugs in terms of clinical outcomes in
different medical specialties [27-29]. The most
common studies evaluating the therapeutic
equivalence of generic drugs versus their branded
counterparts involved cardiac drugs [28, 30, 31],

Cost Saving if
generic was
used
/3 months in
USD

/total patients in
USD

5

4. DISCUSSION

Total
Price in
USD

2331.80
862.53
1469.27

chemotherapeutic drugs, [7, 32-34] antiepileptics [35], and bisphosphonates [20].
However, no studies to date evaluated the
therapeutic equivalence of generic ivabradine
versus brand ivabradine.
In this study, we reported the outcome of a
randomized crossover study, which compared the
clinical efficacy and safety of locally
manufactured generic ivabradine (Bradipect)
tablets with that of the original product
(Procoralan®) tablets on 32 Egyptian patients
with HFrEF. Criteria for evaluation of efficacy
and safety of ivabradine were based on the
criteria used in the large trials evaluating
Ivabradine [36-38]. Ivabradine in HFrEF has
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been evaluated in two essential placebocontrolled studies: SHIFT [37] and BEAUTIFUL
[36] the primary endpoint was a composite of
cardiovascular death, admission to hospital for
acute myocardial infarction, and admission to
hospital for new-onset or worsening HF.
Moreover, HR, EF, NYHA FC, and quality of
life were assessed. In addition, a prospective,
non-interventional, open-label, multi-center study
INTENSIFY [38] was conducted which focused
on the effect of ivabradine on HR, EF, NYHA
FC, and quality of life. Accordingly, in the
present study, the primary efficacy outcomes of
branded ivabradine were compared to its generic
counterpart in terms of resting HR, EF, NYHA
FC, and QoL monthly, at 12th week and up to 24
weeks of treatment. The study showed that both
generic
and
branded
ivabradine
were
therapeutically equivalent in patients with HFrEF
concerning HR, EF, NYHA FC, and QOL. In
addition, both groups showed a similar toxicity
profile. In-group A, the resting HR was reduced
by 21.1±15.2 bpm at end of 3 months
(90.13±7.11 bpm to 68.25±9.54 bpm after 1
month and to 69±11.41 bpm after 3 months
versus 27.12±20.6 bpm (94.25±12.71 bpm
to70.63±10.16 bpm after 1 month and
67.31±8.68 bpm after 3 months) in-group B. This
is following a study conducted in Egypt to
investigate the efficacy of ivabradine in
idiopathic dilated cardiomyopathy (ICM) patients
with chronic HF [39]. The baseline HR was
reduced from 96±15 to 72 with a mean reduction
of 24±13 at 3 months. However, the magnitude
of this reduction was slightly higher than that
observed in the INTENSIFY study (85±11.8 bpm
at baseline to72±9.9 bpm after 1 month and
67±8.9 bpm after 4 months, with 18±12.3bpm,
mean reduction). In addition, the latter study
reported that the HR reduction was greater in
patients with higher baseline HR. This
observation might explain the reason behind the
relatively higher reduction in HR in our study
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and the latter Egyptian study where the mean
baseline HR in both studies was ≥90 bpm.
Similarly, in the present study, reduction in HR
was slightly higher compared to SHIFT [37]
(79.7 bpm to 64 bpm after 1 month) and
BEAUTIFUL [36] (79.1 bpm to 65 bpm after 1
month) studies.
Besides, HR was reduced by 8.3±9.7 bpm
(71.5±10 to 63.2±9.9 bpm after 3 months of the
study period) in the ivabradine group in the
BEAUTIFUL Echo sub-study which aimed to
assess the effect of HR decrease by ivabradine on
left ventricular size [40] Also, a randomized open
blinded endpoint study to assess the effect of HR
reduction with carvedilol, ivabradine and their
combination on exercise capacity in HF patients
receiving a maximal dose of ACEIs [41],
reported similar results (76.3±12.8 bpm to
58.1±5.4 bpm). All latter studies with a lower
reduction in HR compared to the present study
recorded lower baseline resting HR. Accordingly,
this adds evidence to the observations of the
INTENSIFY study which reported that patients
with higher baseline HR experiences higher
reductions in HR.
In the present study, the percentage of patients
improved after 3 months of treatment in both
groups based on NYHA FC (87.5% in group A
versus 93.8% in group B with no significant
difference). Also, the percentage of patients with
NYHA FC I and II increased from 37.5% to
93.8% in group A versus 6.3% to 81.3% in group
B. It is worth mentioning that none of our
patients were classified as NYHA FC I at
baseline, however, by end of the study 28% were
NYHA FC I. This improvement in NYHA FC
was higher than that observed in the SHIFT study
(28%). Also, in the INTENSIFY study, NYHA I
and II increased from 9.6% and 51.1% to 24.0%
and 60.5% respectively after 4 months of
treatment. This difference from our results may
be attributed to the higher percentage of NYHA

202

Eliwa et al., Arch Pharm Sci ASU 4(2): 194-206

FC III, IV and lower percent of NYHA FC II at
baseline compared to both SHIFT and
INTENSIFY study. Also, the Egyptian study
conducted in ICM patients with HF recorded an
improvement in NYHA FC by 12% only after 3
months of ivabradine [39]. Oppositely, most of
our patients had HF due to IHD (78%) and only
(22%) had DCM.
The percentage of patients with LVEF ≤35%
in our study in both groups A and B declined
from 93.8% to 62.5% and from 62.5% to 43.8%,
respectively after 3 months. In the INTESFIY
study, LVEF ≤35% at baseline declined from
26.6% to 17.4% after 4 months. This better
improvement may be due to the higher
percentage of patients with LVEF ≤35% at
baseline. This is further supported by our study
results which showed that there was an
improvement in the mean change value of LVEF
for both groups A and B by 5.94% ±3.07 and
7.31%±5.82 after 3 months. This is following the
Egyptian study which recorded an improvement
in LVEF in the ivabradine group by mean change
6.2%±8.3 (31.7% to 36.8%) after 3 months.
Moreover, Ceconi et al. study conducted to assess
the effect of ivabradine on LV size, function and
the cardiac biomarker observed an improvement
in LVEF in the ivabradine group by mean change
2±7.02% (36.6±8.7 to 38.8±8.5) after 3 months
[40].
By using the MLWHF score, there was an
improvement in the QOL by 12±15.23 and
12.81±9.19 (31.63±15.8 to 19.6±14.7 and
35.68±17.63 to 22.9±15.1) for both groups A and
B respectively. Similarly, Mansour et al. showed
a mean improvement in the QOL using the
MLWHF score by 12.3±3.3. However, the
INTENSIFY assessed the QOL using the EQ-5D
score index. The mean value of the QOL EQ-5D
sum score index was 0.64 ±0.28 at baseline and
had improved to 0.79 ±0.21 after 4 months.
A meta-analysis on generic versus brand-

name drugs used in cardiovascular diseases was
published in 2016. The latter study showed that
spending generic as an alternative to brand-name
cardiovascular drugs does not indicate a loss in
either efficacy or safety [31]. However, there
were major limitations to their meta-analysis.
First, 50% of the studies evaluated were
bioequivalence trials, had a short follow-up
period, low study power due to small sample size
and most of the study populations were healthy
volunteers. Second, in most studies, either the
generic manufacturer sponsored the study, or the
source of funding was not reported, thus the
results might be subjected to sponsorship bias.
Those limitations are similar to a meta-analysis
conducted in 2008 to evaluate the therapeutic
equivalence of generic and brand-name drugs
used in cardiovascular disease [27]. The latter
study concluded that although there is no proven
evidence to support the superiority of brandname drugs to their generic counterparts, a
significant number of articles counsel against
interchanging between generic and branded drugs
[27].
Briefly, studies comparing therapeutic
equivalence of branded drugs versus their
generics have limitations and show conflicting
results. However, the present study conducted
several measures to overcome some of those
limitations. First, the study was conducted in a
sufficient period of 6 months. Second, HF
patients comprised the study population, not
healthy volunteers. Third, a crossover design and
suitable sample size with suitable power (80%)
were used. Also, there was no sponsorship bias or
any type of conflict of interest.
A limitation to this study was the open-label
study design. Additionally, EF was significantly
lower at baseline in the group of patients who
started with the brand drug compared to the
group who started with a generic drug. However,
actual improvement and percent change were
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used to evaluate the outcome of EF to overcome
this limitation. Moreover, there was no washout
period for ethical reasons. Further studies with a
larger sample size are required to confirm study
results.
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