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Search criteria: English language articles were identified by searching the PubMed database using the search
terms ‘ivabradine’ and ‘angina’. Abstracts were evaluated and selected for further review according to our
standard protocols. Bibliographies of individual articles were also assessed for additional articles of interest and the
manufacturer of ivabradine was invited to supply any additional data to that identified via the PubMed database. .
Date of last literature search: 4 April 2008.

Conclusion: Ivabradine is a new class of anti-anginal and anti-ischemic representing a novel pharmacological
approach to the treatment of angina. Use of B-blockers has traditionally been first line treatment for stable angina,
however, unacceptable side effects have limited their use in many patients. Because of its selective and specific
mechanism of action, ivabradine has demonstrated a highly satisfactory safety profile making it a well-tolerated
alternative therapy for chronic stable angina patients with normal sinus rhythm who are either intolerant of
[B-blockers or where their use is contraindicated.

NB: This article was originally published by CSF Medical Communications Ltd (CSF) in
Drugs in Context 2008;4(2):135-52. Drugs in Context and all CSF copyrights were
acquired by Just Medical Media Ltd in 2009.
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SUMMARY

Heart rate is an important determinant of myocardial oxygen consumption and elevated heart rate is a
known risk factor in coronary artery disease. Heart rate reduction has been the cornerstone of antianginal
and antiischemic therapy for many years and is most often achieved by B-blockers. The discovery of the
f-channel and its role in regulating pacemaker activity in the sinoatrial node led to the development of
new pharmacological agents such as ivabradine, which target these f-channels causing a reduction in heart
rate by inhibiting the I, current. Due to its specific and selective action, ivabradine does not display any of
the negative inotropic peripheral vascular or central nervous system side-effects that have limited the use
of B-blockers in some patients. Ivabradine efficacy has been investigated in a large clinical development
programme involving 5000 participants including over 3500 patients with chronic stable angina, and
was shown to reduce resting and exercise induced heart rate without modifying any electrophysiological
parameters. It has been shown to reduce heart rate at rest and during exercise and improve measurable
parameters of angina in a dose-dependent manner. Its antiianginal and antiischemic effects have also has
been shown to be non-inferior to commonly use doses of atenolol and amlodipine. Ivabradine is currently
licensed for oral use at 5 and 7.5mg twice daily for symptomatic treatment of chronic stable angina in patients

with normal sinus rhythm who are either intolerant of B-blockers or for whom they are contraindicated.
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CHRONIC STABLE ANGINA:
A PERSPECTIVE

Coronary heart disease is the leading cause of
mortality and morbidity in European countries
and chronic stable angina pectoris is a primary
symptom and the first clinical manifestation in
up to 50% of patients. It has been estimated
that in most European countries 20,000-40,000
individuals per million of the population suffer
from angina, which for many seriously affects
the quality of all aspects of life and restricts daily
activities.! The prevalence of angina increases
sharply with age in both sexes, but improvements
in preventative measures and increased use of
revascularisation have led to better prognosis and
survival after acute coronary events. However,
despite several clinical intervention techniques
the overall prevalence of angina has increased
partly due to a shift to an older age group and
as the age of the population is increasing in most
western countries this has become a serious
health burden.?

Angina occurs when there is insufficient
oxygen supply to the heart usually due to
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atherosclerotic coronary artery obstruction. Heart
rate 1s a key determinant of myocardial oxygen
consumption and increased heart rate is associated
with most ischemic episodes in patients with
coronary artery disease (CAD). Several studies
have also shown that elevated resting heart rate
is associated with cardiovascular disease (CGVD)
mortality from all causes and is also a predictive
factor for survival for patients with CVD.**>67
In a large-scale study of approximately 25 000
patients with suspected or proven CAD, resting
heart rate was found to be a predictor of overall
and cardiovascular mortality, independent of
other known risk factors such as hypertension,
diabetes, and smoking. A high resting heart
rate of 283 bpm was a strong predictor of
cardiovascular mortality (Figure 1) A review
of the major studies on high resting heart rate
(RHR) as a cardiovascular risk factor concludes
that RHR should be targeted for therapy for such
patients. ®

Lowering heart rate reduces cardiac work
and consequently oxygen consumption, which
restores the balance between myocardial oxygen
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Figure 1. Adjusted survival curves for overall
mortality by resting heart rate quintiles.®
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supply and demand. Reducing heart rate also
increases diastolic filling time which improves
myocardial perfusion and oxygen supply. Heart
rate reduction is the primary focus of anti-angina
and anti-ischemic therapy aimed at reducing
symptoms.

Three groups of drugs have been the
mainstay of medical therapy for angina for
many years. These are B-blockers, calcium
Although
B-blockers and some rate-limiting calcium

channel blockers and nitrates.
channel-blockers (verapamil and diltiazem)
reduce heart rate, acting consequently to
decrease myocardial oxygen demand, they
are non-selective and have many unwanted
side effects including fatigue, and sexual
dysfunction, which have implications for patient
compliance and for some patients means that
target doses cannot be met. Comparison of first
generation (propanolol) and second generation
(atenolol) B-blockers with new third generation
B-blockers (nebivolol) suggests that B-blockers
like atenolol are not as cardioselective as once
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thought and may be shorter acting. Also newer
B-blockers like nebivolol have vasodilator
properties which may make some unwanted
side effects less likely.”!” The beneficial effects
of B-blockers in pacemaker-dependent patients
with symptomatic left ventricular (LV) systolic
dysfunction, has been shown to be due to
the lowering elevated heart rate.!" In a meta-
regression analysis of randomized clinical
trials a statistically significant relationship was
found between RHR reduction and the clinical
benefit (reduction of cardiac, sudden death and
recurrence of non-fatal MI) of p-blockers and
calcium channel blockers in post-MI patients,
which strongly suggest that the beneficial effect
is proportionally related to RHR reduction.'?

Many patients have residual or recurrent
angina even after revascularisation or experience
angina while receiving medication, others are
intolerant or have contraindication to traditional
B-blockers, including patients with peripheral
artery disease or brittle diabetes. Therefore
the need was identified for a new class of
drugs that could selectively reduce heart rate
without affecting myocardial contractility,
peripheral circulation or glucose and triglyceride
metabolism, to meet shortfalls in medical care
for these patients.”

Ivabradine 1s a new anti-ischemic anti-
anginal agent which acts purely through heart
rate reduction without affecting other cardiac
functions, therefore maintaining myocardial
contractility, atrioventricular conduction and
ventricular repolarisation. Also there isno indirect
a-stimulating activity which is responsible for
the vasoconstriction seen with B-blockers.!® !
Ivabradine (Procoralan) is now available for
monotherapy in FEurope for symptomatic
treatment of patients with chronic stable angina
and normal sinus rhythm but who are intolerant
to B-blockers or have a contraindication to their
use. Table 1 summarises the advantages offered
by ivabradine for patients with chronic stable
angina.'”
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Table 1. Advantages of ivabradine in patients with
angina.'’

Exclusive heart rate reduction

Proven anti-ischaemic and anti-anginal properties

Absence of negative inotropic effects

Preservation of left ventricular relaxation (lack of effects on diastolic
function)

Absence of coronary vasoconstriction

Preserved atrioventricular and ventricular conduction

Preservation of blood pressure

Absence of bronchospasm associated with f3-blockers

PHARMACOLOGY
Mechanisms of action

Selective sinus node I, inhibition

Heart rate is controlled by the sinoatrial node
located in the right atrium. This is where the
action potential is created and is conducted to
the ventricles triggering ventricular contraction.
The
pacemaker cells. They generate an action

sinoatrial myocytes are the heart’s
potential by electrical depolarisation, which
spreads from the sinus node through the
cardiac conducting tissue in a controlled
wave to coordinate cardiac contraction. This
pacemaker activity controls heart rate and
depends on interaction between several ionic
currents involved in diastolic depolarisation.
The f-channel (funny due to its unusual
properties) allows sodium 1ons to move inwards
and potassium ions to move outwards across
the cell membrane through a hyperpolarisation-
(HCN)
channel so generating the 7, current. This is the

activated, cyclic nucleotide-gated
major determinant of the diastolic depolarisation
slope of the sinus node. The channels are
open during the diastolic depolarisation phase
the peak of the

potential.'®!¥ Therefore, targeting the f~channel

and closed at action
can directly affect the frequency of the action
potential.

Early studies demonstrated dose-dependent

inhibition of f-channels by the bradycardic
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agent S16257 (ivabradine) on rabbit sinoatrial
vitro.'?0 At

concentrations ivabradine had no significant

node cells in therapeutic
effect on other cardiac ionic currents or cardiac
action potential shape and therefore its action
was found to be selective and specific.?**!
Several agents were tested for inhibition of 7,
current but ivabradine was the most specific,
binding with high affinity to the f-channels,
and 1s the only one to have reached clinical

development.??

Ivabradine specifically binds
to the f-channel on the intracellular side of
sinoatrial pacemaker cell membrane and
blocks the entry of sodium ions into the cell.
This action causes selective inhibition of the /;
current, in a dose dependent manner, which
plateaus at higher concentrations. Blocking the
I, current causes a reduction in the slow diastolic
depolarisation slope, without affecting maximal
diastolic potential or threshold activation
potential, which exhibits a use-dependent effect

on heart rate. (Figure 2a and b).'*%

Pure heart rate reduction

Heart rate reduction is a major determinant in
maintaining myocardial oxygen supply. This 1s
the common mechanism of action for B-blockers
and ivabradine in anti-anginal therapy, as
heart rate reduction reduces exercise-induced
ischemia by increasing diastolic perfusion time.
However these are distinct actions and other
anti-anginal agents (ranolazine, trimetazidine)
can reduce exercise-induced ischemia without
having any effect on diastolic perfusion time.?
During exercise, increase in left ventricular
(LV) filling rate depends on the ability of the
left ventricle to relax and B-blockers alter this
relaxation process by their intrinsic negative
inotropic properties. Studies with experimental
animals demonstrated that ivabradine, unlike
atenolol, reduced exercise-induced acceleration
in heart rate without simultaneously exerting
intrinsic depressant effects on of the rate of
LV relaxation.?? Further studies demonstrated
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Figure 2. (a) Inhibition of f-channels influences the pacemaker activity of sinoatrial myocytes;*-*° (b) selective
inhibition of the If current reduces heart rate by changing the diastolic depolarisation slope which controls the

frequency of the action potential.1321.23

a)

Closed

that heart rate and mycocardial contractility
contribute equally to myocardial oxygen
consumption during exercise in experimental
animals and that negative inotropic effects of
atenolol limited the increased diastolic filling
time afforded by heart rate reduction. This was
not seen with Ivabradine.”

Selective inhibition of /, current by ivabradine
was found to reduce heart rate both at rest and
during exercise in experimental animals, without
any inotropic effects or effect on left ventricular
systolic function or coronary vasomotor
activity?* % In a study with normal healthy
volunteers, ivabradine reduced heart rate in
a dose-dependent manner when administered
intravenously and orally.”’

In an experimental study in dogs the effect of
the p-blocker atenolol and ivabradine on post-
systolic wall thickening was compared. For a
similar heart rate reduction at rest and during
exercise, atenolol decreased the component of
regional thickening devoted to ejection, whereas
ivabradine preserved the part of thickening

contributing to ejection.’**
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Left ventricular function

The effects of ivabradine and atenolol on
left ventricular (LV) function were compared
on the ischaemic and stunned myocardium
in experimental model of ischemia in dogs.
Ivabradine improved regional contractility in the
stunned myocardium whereas with atenolol it
deteriorated further due to negative inotropism.
These results may have important clinical

implications in LV systolic dysfunctions.** %

Cardiac electrophysiology

In a placebo controlled study comparing the
effects of ivabradine, (administered orally as a
single dose of 30mg) and propanolol (40mg) on
cardiac and systemic haemodynamics in nine
healthy volunteers, there was no evidence of a
negative inotropic effect which is a common and
undesirable side effect with p-blockers.*

Pharmacokinetics

Ivabradine is rapidly and almost completely
absorbed after oral administration with a peak
plasma level reached in about one hour under
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fasting conditions (t =~ lh) and an effective
half life of 11 hours. The total clearance is
around 400mL/min in patients and the absolute
bioavailability of the film-coated tablets is around
40%, due to first-pass effect in the gut and liver.
Ivabradine is approximately 70% plasma protein
bound.”

The N-desmethylated derivative of
ivabradine, S-18982, has been identified as
the
with
pharmacokinetic characteristics to ivabradine.
S-18982 contributes about 40% of the activity
of the parent compound.”” Pharmacokinetic/

main active metabolite in humans,

similar  bradycardic activity and

pharmacodynamic population analysis using the
NONMEM computer program suggested that
S-18982 is responsible for the initial bradycardic
effect,
responsible for the duration of action.*’** This

whereas the parent compound is
was supported by a placebo controlled study in
nine healthy volunteers, where ivabradine was
found to decrease heart rate to the same extent
as the reference p-blocker propanolol. The
effects of ivabradine were found to be similar
at two and five hours after drug administration,
although plasma values of the drug were close
to three times higher at two hours. These
results indicated that pharmacological effects of
ivabradine are related to sustained tissue binding
possibly associated with the presence of an active
metabolite.*>-*

Ivabradine 1is extensively metabolised by
the liver and the gut, being oxidised by the
cytochrome CYP3A4 and it is also a very
weak inhibitor of this cytochrome. Metabolic
clearance accounts for 80% of ivabradine total
clearance and the remaining 20% is accounted
for by renal clearance. CYP3A4 inhibitors and
inducers may interact with ivabradine and
influence its metabolism and pharmacokinetics
to a clinically significant extent.’” The effects
of CYP3A4

lansoprazole on the pharmacokinetics of

inhibitors omeprazole and

ivabradine and its active metabolite S18982

were assessed in normal healthy volunteers
after a single oral dose of 10mg ivabradine,
40mg omeprazole or 60mg lansoprazole. No
significant affect on the pharmacokinetics of
ivabradine or its metabolite S18982 was found
(Table 2).** However, use with strong inhibitors
of CYP3A4 (ketoconazole eryhthromycin,
diltiazem or verapamil) is contraindicated as
this may lead to a significant plasma exposure
of ivabradine possibly resulting in risk of
excessive bradycardia.’” The CYP3A4 inducer
Hypericum  perforatum was shown to reduce
concentration and

and S18982

co-administration with ivabradine in normal

plasma availability

of 1vabradine following

healthy volunteers. A shorter time to C_
was observed and lower apparent terminal
half-life values, consistent with an induction of

ivabradine metabolism. *!

Special populations

Ivabradine does notreliably slow heart rate during
atrial fibrillation or other atrial tachycardia or
in patients dependent on cardiac pacemakers.
Therefore, it is only indicated for treatment in
patients where heart rate is controlled by the
sinus node.*’

Heart failure must be appropriately controlled
before considering ivabradine treatment. The use
of ivabradine is contra-indicated in heart failure
patients with NYHA functional classification III-
IV, due to a lack of data on clinical efficacy and
safety. There is also insufficient data on clinical
efficacy and safety in patients with asymptomatic
left ventricular dysfunction or stroke patients.*

Dosing

Ivabradine (Procoralan) is available in tablet
form at 5 and 7.5mg. The usual recommended
starting dose 1s 5 mg twice-daily, in the morning
and evenings during meals. After three to
four weeks of treatment, the dose may be
increased to 7.5 mg twice-daily depending on the

Drugs in Context €212225 | www.drugsincontext.com
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Table 2. Pharmacokinetic parametes of ivabradine after single oral administration of ivabradine 10mg alone or
coadministered with 40mg omeprazole or 60 mg lansoprazole.*

Ivabradine Ivabradine Ivabradine+ Ivabradine+ Geometric Geometric
pharmacokinetic n=12) omeprazole lansoprazole mean ratio mean ratio
parameters 1+0)(n=12) I+D)n=12) 1+0) () [95% ClI] a+L M[95% Cll
max.h

Mean + SD 0.96 = 0.41 1.02 £0.61 1.65+1.20 - -

Median 0.75 0.75 1.25 - -

Range 0.50-2.00 0.50-2.00 0.50-4.00 - -

p value (Wilcoxon) 0.73 0.05 - -
C,=ng/mL

Mean = SD 45.0 £ 36.6 42.7 £27.6 41.3+29.4 0.99 [0.73-1.35] 0.96 [0.75-1.23]

Gemetric mean 36.0 35.9 34.4 - -

Median 31.0 315 33.2 - -

Range 15.0-141 11.1-110 14.8-115 - -

p value 0.98 0.70 0.98 0.70
AUC, ngeh/mL

Mean = SD 128 + 87 126 + 63 [0.85-1.22] 1.23 + 50 [0.86-1.23) 1.02 1.03

Gemetric mean 111.8 113.9 15.0 - -

Median 88.4 96.4 98.8 - -

Range 69.6-371 67.7-255 66.0-239 - -

p value 0.82 0.73 0.82 73
t1/2<h

Mean = SD 1.92 +0.39 2.07 £0.53 1.98 £ 0.42 - -

Median 1.83 1.83 1.96 - -

Range 1.28-2.63 1.29-2.87 1.27-2.59 - -
CI/F, mL/min

Mean 1633 1600 1500 - -

Cl, confidence interval, | + O, ivabradine + omeprazole, | + L, ivabradine + lansoprazole, |, ivabradine.

therapeutic response. If, during treatment, heart
rate decreases persistently below 50 beats per
minute (bpm) at rest or the patient experiences
symptoms related to bradycardia such as
dizziness, fatigue or hypotension, the dose must
be titrated downward including the possible dose
of 2.5 mg twice-daily (one half 5 mg tablet twice-
daily). Treatment must be discontinued if heart
rate below 50 bpm or symptoms of bradycardia
persist.”*® Ivabradine is not recommended for
children or adolescents as its efficacy and safety
have not been studied in these populations

Coadministration with other drugs

Concomitant use of ivabradine with heart rate
reducing calcium channel blockers such as
verapamil or diliazem is not recommended.
Ivabradine should also not be used in combination

Drugs in Context €212225 | www.drugsincontext.com

with QT prolonging agents. There is no evidence
for contraindication in taking ivabradine in
combination with other cardiovascular drugs,
including anti-platelet agents (aspirin) statins,
angiotensin-converting enzymes.”’

CLINICAL EFFICACY

The clinical efficacy of ivabradine as antianginal
and antiischemic treatment for patients with
stable angina has been investigated in several
clinical trials as monotherapy and in combination
with other antianginal drugs. In each of these
studies exercise tolerance testing was used to
assess clinical efficacy. The primary eflicacy
criteria were time to limiting angina and time to
angina onset, as a measure of angina, and time
to 1-mm ST-segment depression as a measure
of ischemia. Ivabradine has also been compared
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to B-blockers and calcium channel-blockers in
terms of efficacy and tolerability.

Monotherapy - Placebo controlled trials

The therapeutic effects of ivabradine were
first investigated in a randomised, placebo-
controlled trial of 360 patients with chronic
stable angina who received 2.5, 5 or 10mg
ivabradine twice- daily for two weeks. This
was followed by an extension period for 173
patients who received 10mg ivabradine for
a further two to three months.*** After two
weeks of treatment, heart rate at rest and
during exercise was significantly lowered in
a dose-dependent manner at both peak and
trough drug activity (Table 3). In addition,
exercise tolerance was significantly improved
and time to angina onset was increased at
all doses compared to placebo, with a mean
change of time in seconds of 24.7, 37.6,
38.8, and 69.4 at trough drug activity with
placebo, ivabradine 2.5, 5, 10mg respectively
(Table 3).** This effect persisted throughout

the extension period and there was no evidence
of rebound phenomena or tolerance in any
treatment group.*

Comparison with the beta blocker atenolol

The INITIATIVE study (International Trial
on the AnTi-anginal effects of IVabradinE
compared to atenolol) compared the effects of
ivabradine and atenolol on exercise capacity in
patients with chronic stable angina who were
known to tolerate atenolol. In this placebo-
controlled double-blind trial, 939 patients were
randomised to receive dmg ivabradine for four
weeks and then 7.5 or 10mg ivabradine twice-
daily for 12 weeks; or 50mg atenolol for four
weeks then 100mg atenolol once-daily for 12
weeks. Mean increase in total exercise duration
at trough drug activity was 86.8 and 91.7s,
with ivabradine 7.5 and 10mg respectively, and
78.8s with 100mg atenolol (Table 4).** Time to
angina onset and time to limiting angina were
increased in all treatment groups and non-
inferiority of ivabradine compared to atenolol

Table 3. Changes in exercise tolerance tests in different ivabradine treatment groups compared with placebo.*?

Parameter Placebo Ivabradine Ivabradine Ivabradine Between-
(n = 68) 2.5 mg bid 5 mg bid 10 mg bid group
(n = 64) (n =59) (n = 66) 14

Time to 1mm ST-depression, s

Day 0 369.1 £ 119.0 343.7 £ 120.7 364.1 +119.3 370.2+£120.8

Day 14 378.0+124.2 375.7 £121.2 408.2 + 122.8 416.4 +155.7

Day 14-Day 0 9.0 £63.6 320+x74.3 44.1 +80.1* 46.2 £ 78.2* 0.016
Time to limiting angina, s

Day 0 417.8 £115.6 402.5 £ 121.0 432.8 £ 124.0 430.5+125.4

Day 14 430.5 +119.0 425.0 £ 116.4 460.0 = 115.1 471.3 +148.4

Day 14-Day 0 12.7 £51.3 225+554 27.2 +56.8 40.8 £ 69.3* 0.049
Time to angina, onset, s

Day 0 352.8 £98.2 330.5 + 106.4 355.6 +£110.9 351.5+123.1

Day 14 377.5+116.3 366.1 +112.5 394.4 +132.3 420.8 £148.5

Day 14-Day 0 24.7 £ 64.2 37.6 £+57.7 38.8+81.7 69.4 + 74.8* 0.003
RPP at peak of exercise, bpm/mmHg

Day 0 23057 + 5498 23924 + 4885 24772 + 5757 24163 = 4623

Day 14 23323 + 5458 23187 + 5062 23630 + 5253 22640 — 4540

Day 14-Day 0 266 + 3074 —737 + 2960 —1142 + 3354* —-1543 + 3526* 0.011
Total work performed, w/min

Day 0 501.7 £ 246.2 473.9 + 240.6 538.0 + 269.6 534.0 + 278.8

Day 14 529.1 + 256.8 515.6 + 241.8 588.3 + 260.2 633.1 + 373.5

Day 14-Day O 27.4 £104.7 41.7 £112.7 50.3 £ 1224 99.1 + 192.0* 0.019
8 Drugs in Context €212225 | www.drugsincontext.com
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Figure 3. Changes in heart rate at rest and at peak exercise in different ivabradine treatment groups compared

with placebo.
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10.3 and 15.7s in favour of ivabradine 7.5
and 10mg respectively compared to atenolol
100mg ($<0.001 for inferiority) (Figure 4).**

Table 4. Changes in exercise tests at trough drug activity in different ivabradine treatment groups compared

with atenolol.*

Ivabradine 7.5 mg bid

Ivabradine 10 mg bid

Atenolol 100 mg od

(n = 300) (n =298) (n =286)
Total exercise duration (s)
Baseline 594.9 +141.6 590.8 + 142.9 578.2 +144.2
Change 86.8 + 129.0 91.7 £ 118.8 78.8 +133.4
Difference? (SE) 10.3(9.4) 15.7 (9.5)
91% Cls [-8.3; 28/8] [-2.9; 34.3]
p value, non-inferiority p <0.001 p <0.001
Time to limiting angina (s)
Baseline 587.0 + 138.0 583.5 + 139.6 568.1 + 139.8
Change 91.8 +131.1 96.9 + 121.2 85.4 £ 133.7
Difference?® (SE) 9.3(9.7) 15.1 (9.7)
91% Cls [-9.6; 28.3] [-3.9; 34.0]
p value, non-inferiority p <0.001 p <0.001
Time to angina onset (s)
Baseline 468.0 + 147.1 477.0 +147.8 457.4 + 145.0
Change 145.2 + 153.4 139.6 + 140.6 135.2 £ 154.7
Difference? (SE) 12.1 (11.5) 10.1 (11.6)
91% Cls [-10,5; 34.7] [-12.5; 32.8]
p value, non-inferiority p <0.001 p <0.001
Time to 1 mm ST depression (s)
Baseline 521.7 £ 164.3 528.6 +161.8 510.7 + 156.0
Change 98.0 + 153.7 86.9 + 128.2 95.6 + 147.5
Difference? (SE) 4.3 (10.7) -3.3(10.8)
91% Cls [-16.8; 25.3] [-24.4; 17.8]
p value, non-inferiority p <0.001 p =0.002

Drugs in Context €212225 | www.drugsincontext.com
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Figure 4. Comparison of the effects of ivabradine and atenolol on total exercise duration at trough drug

activity.**
E [95% CI|
n Atenolol better Ivabradine better p for non-inf

Ivabradine 5 mg bid 595 B 6.7 (-7.4; 20.8)
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at month 1
Ivabradine 7.5 mg bid 300
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Equivalence interval

Both atenolol and ivabradine decreased angina
attacks by 66%.*

A subset 232 patients from the INITIATIVE
study population aged 65 years or older, were
analysed with respect to the antianginal and
antiischemic effects of ivabradine compared to
atenolol. In this group, total exercise duration
increased by a mean of 88.7s with 7.5 mg
wvabradine twice-daily and by 65.6s with 100 mg
atenolol once-daily, confirming non-inferiority
of ivabradine antianginal efficacy in this subset.
Time to 1-mm ST-segment depression increased
by a mean of 101.9s and 81.7s with 7.5 mg
ivabradine and 100 mg atenolol, respectively,
which was within equivalence levels. These
results confirmed that good clinical efficacy and
tolerability is maintained in the elderly and this
may have important clinical implications since
the prevalence of angina is increasing in the over
65 age group.”

Comparison with the calcium channel
blocker amlodipine

The antianginal efficacy of ivabradine was
compared with the long-acting calcium channel
blocker amlodipine, which is recommended as

10

second-line therapy in angina although may
be used as first-line therapy in patients who are
intolerant of f-blockers or rate-limiting calcium
channel-blockers (verapamil and diltiazem).!
The study included 1195 patients with at least
a three month history of chronic stable effort-
induced angina. Patients were randomised to
receive 7.5mg or 10mg ivabradine twice-daily or
10mg amlodipine once-daily. After three months
treatment ivabradine had comparable efficacy to
amlodipine in improving total exercise tolerance
with a mean improvement in of 27.6, 21.7 and
31.2 s with 7.5 or 10mg ivabradine and 10mg
amlodipine respectively (Table 5 and Figure
5).**7 Antianginal and antiischemic efficacy was
demonstrated by reduced time to angina onset
and time to limiting angina in all treatment
groups; also frequency of angina attack and use
of short-acting nitrates was reduced. Heart rate
decreased significantly by an average of 11-13
beats/min at rest and 12-15 beats/min at peak
exercise with ivabradine but not amlodipine
(p<0.001). This effect was seen at rest and at
peak of exercise and was evident within the first
month of treatment remaining stable throughout
the trial period. Ivabradine had superior efficacy

Drugs in Context €212225 | www.drugsincontext.com



IVABRADINE

Table 5. Exercise tolerance test parameters at baseline and three months measured at trough drug activity with
ivabradine and amlodipine.*

Variable Amlodipine Ivabradine  Difference vs  p value for Ivabradine Difference vs  p value for
10 mg od 7.5 mg bid amlodipine non-inferiority® 10 mg bid amlodipine non-inferiority”
(n = 398) (n = 381) E* (SE) (n =376) E* (SE)
[95%, ClI] [95%, CI]
Total exercise duration (sec)
Baseline 400.1 +131.9 414.4+133.0 423.6 +142.6
3 months 431.2 £140.9 442.0 +154.5 4453 £155.5
Change at 3 months 31.2+92.9 27.6 +£91.7 -1.8 (6.6) <0.001 21.7+945 —6.6 (6.6) <0.001
[-14.6, 11.1] [-19.5, 6.3]
Time to angina onset (sec)
Baseline 313.0+121.8 3252+ 119.9 331.4+125.7
3 months 379.5+ 1432 389.9+156.4 391.1 +157.2
Change at 3 months 66.6 £99.1 64.7 £ 104.9 -0.6 (7.4) <0.001 59.7 £110.8 -4.6 (7.5) <0.001
[-15.2, 14.0] [-19.3, 10.1]
Time to 1 mm St-segment depression (sec)
Baseline 347.4+1230 355.0+122.4 366.9 + 130.9
3 months 387.1+138.4 400.0 +152.2 401.5 +149.6
Change at 3 months 39.7 £103.2 44.9 = 98.6 6.5(7.2) <0.001 34.7 £104.5 -1.8 (8.2) <0.001
[7.6, 20.6] [-16.0, 12.3]

3E (SE) and CI of the difference between ivabradine effect and amlodipine effect, based on a covariance analysis adjusted on baseline and country
factors. Other values are mean * standard deviation.

bFor a non-inferiority margin of =30 seconds.

bid, twice daily; CI, confidence interval; E (SE), estimate (standard error); od, once daily.

Figure 5. Comparison of the effects of ivabradine and amlodipine on total exercise duration at trough drug
activity.*

Amlodipine 10 Ivabradine 7.5 E [95% CI[
(n=404) better (n=400) better p value
. . -1.8[-14.8; 11.6)
Total exercise duration —.— p < 0.001
Time to 222222 angina — B —1.2-14.411.7)
p < 0.001
i i -0.6 [-15.2; 14)
Time to angina onset /
¢ . p <0.001
Time to 1 mm St segment depression =6.5 [-7.6; 20.6)
8 P . p <0.001
T T T T T T T T 1
-30s 0 +30s

Equivalence interval

to amlodipine in reducing rate-pressure product  frequency of angina attacks in all treatment
(heart rate times blood pressure) as a marker  groups with mean decreases of 3.0, 3.2 and 3.0
of myocardial oxygen consumption (p<0.001  attacks/week for ivabradine 7.5 and 10mg and
ivabradine vs amlodipine) (Table 6).* After —amlodipine 10mg respectively.’

three months there was a 60% reduction in
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Table 6. Changes in heart rate and rate-pressure product at three months measured at trough drug activity with

ivabradine and amlodipine.*

Variable Amlodipine Ivabradine Difference vs Ivabradine Difference vs
10 mg od 7.5 mg bid amlodipine E (SE)* 10 mg bid amlodipine E (SE)?
(n = 398) (n =381) [91% CI] (n =376) [95% Cl]
Heart rate at rest
Baseline 78.8 +£13.4 78.6 £13.0 781 +14.1
3 months 78.6 £13.2 67.4+11.8 65.1+12.8
Change at 3 months -02+12.2 -11.2+125 -11.1 (0.8) -13.1 £ 135 -13.1 (0.8)
[95% CI]° [-1.5, 1.0] [-12.5, -10.0] [-12.6, -9.6] [-14.4,-11.8] [-11.7,-11.6]
p value© vs baseline p =0.720 p <0.001 p <0.001
p value® vs amlodipine p <0.001 p <0.001
Heart rate at peak of exercise
Baseline 131.0+184 132.1£18.9 132.1+£18.8
3 months 130.8 £17.5 119.7x7.1 117.0 £ 17.6
Change at 3 months -0.2+128 -12.4 +£15.3 -11.8 (0.9) -15.1+14.4 -145 (9.0)
[95% CI]° [-1.6, 1.3] [-13.9, -11.0] [-13.6, -10.1] [-16.5, -13.4] [-16.3, -12.7]
p value® vs baseline p =0.829 p <0.001 p <0.001
p value? vs amlodipine p <0.001 p <0.001
Rate-pressure product at rest
Baseline 10.377 £ 2284 10437 + 2282 10426 + 2418
3 months 9827 + 2112 8990 + 2019 8764 + 2064
Change at 3 months -550 + 1978 -1447 + 2071 -865 (122) -1664 + 2238 -1078 (12.3)
[95% CI]° [756, -344] [-1658, -1236] [-1105, -625] [1876, -1452] [-1319, -838]
p value© vs baseline p <0.001 p <0.001 p <0.001
p value? vs amlodipine p <0.001 p <0.001
Rate-pressure product at peak of exercise
Baseline 23403 = 5084 23850 + 5203 24158 + 5240
3 months 23012 + 4955 21295 + 5002 21854 + 5012
Change at 3 months —471 + 4042 -1926 + 3848 -1325 (258) -2304 + 4077 -1588 (250)
[95% CI]° [-855, -77] [-2328, 1526] [-1831, -819] [-2709, -1900] [-2095, -1080]
p value© vs baseline p =0.019 p <0.001 p <0.001
p value? vs amlodipine p <0.001 p <0.001

3E (SE) and CI of the difference between ivabradine effect and amlodipine effect, based on a covariance analysis adjusted on baseline and country

factors. Other values are mean = standard deviation.

5Cl of the change within treatment group based on an analysis ov variance without adjustment.

cStudent’s t-test based on the overall general linear model (least-squares norm).

dStudent’s t-test based on the overall general linear model (least squares norm) with baseline as a covariate and country as a random factor.
bid, twice daily; CI, confidence interval; E (SE), estimate (standard error); od, once daily.

Long term efficacy with combination therapy
The first studies with ivabradine clearly
demonstrated therapeutic efficacy within a

few weeks of treatment*?

and non-inferiority
compared to other antianginal therapies with
effects lasting for up to four months.***” The
duration of ivabradine efficacy over a 12
month period was investigated in 386 patients
randomised to receive 5 or 7.5mg ivabradine
twice-daily for 12 months, while continuing their
existing therapy. These concomitant medications

included antithrombotic agents, lipid-lowering

12

agents, long-acting nitrates and dihydropyridine

calcium antagonists. Non-dihydropyridine
calcium antagonists were not permitted as
they can increase ivabradine exposure through
inhibition of CYP3A4. p-blockers were not
permitted as concomitant medication.*®* Heart
rate was measured at 1, 3, 6, 9 and 12 months
and was significantly reduced by a mean of 9.7
and 12.3 beats per minute from baseline with
5 and 7.5mg ivabradine respectively. Maximal
effect was seen by 4 weeks and remained stable

for the duration of the study, with no indication
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Figure 6. Persistent heart rate reduction over 12 months of ivabradine treatment.*
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Table 7. Reduction in number of angina attacks in ivabradine treatment groups with and without concomitant
antianginal therapy.*°

Angina attacks Ivabradine
(mean + SD) All patients Patients receiving ivabradine on top of
concomitant antianginal therapy

5 mg bid (n = 191)* 7.5 mg bid (n = 179)? 5 mg bid (n = 136)* 7.5 mg bid (n = 123)?
Baseline (month 0) 29+53 23+39 3.1+55 21+34
12 months 1.0+27 1.1+38 0.8+19 12+35
Change -1.9+4.8(-2.6,-1.3) -12+41(-19,-05) -23+52(31,-16) -09+3.4(-1.7,-0.1)
p value vs baseline® p < 0.001 p <0.001 p <0.001 p =0.022

aNumber of patients with assessable diary at baseline and month 12.
b p value = parametric approach without adjustment.

of pharmacological tolerance developing (Figure  of the I inhibitor ivabradine in patients with
6)."” The mean number of angina attacks was coronary disease and left ventricular dysfunction)
reduced by 50% in both treatment groups study recruited 10,000 patients into a three-
(p<0.001), including patients taking concomitant  year placebo controlled trial to determine the
antianginal therapy (Table 7). Short-acting prognostic benefits of ivabradine for patients
nitrate consumption was also reduced by 50% in ~ with  CAD and left ventricular dysfunction

both treatment groups.*** (LVD). The end point of the study will be the
clinical outcomes of myocardial infarction and
Efficacy beyond angina mortality. !

Along-term outcome study was initiated in 2005
to determine whether pure heart rate reduction SAFETY AND TOLERABILITY
extends clinical benefit beyond improving Most medications currently available for treating

symptoms in patients with stable angina. The angina have unpleasant and sometimes severe
BEAUTT UL (morBidity-mortality EvAiUaTion  side effects, and these are often compounded
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by the need for combination therapy to control
symptoms in some patients. Poor compliance
due to unacceptable side effects has been a major
cause for poor symptom control in many angina
patients.” Ivabradine has been demonstrated to
have a very good safety profile in its clinical
development programme in which 3500 patients
overall were treated with ivabradine and 1200
of these were treated for more than one year."”
Ivabradine was found to be well tolerated and safe
due to its specific and selective mode of action.
In all studies of ivabradine clinical efficacy,
visual symptoms were the most frequently
reported adverse event. Although ivabradine is
selective for the f-channels it can also react with
h-channels in the retina which are structurally
similar and have similar properties. It is thought
that inhibits
activated current in retinal cells (I,) preventing

ivabradine hyperpolarisation-
the normal filtering out of random visual
sensations that can be generated in the retina.
These are known as phosphenes and can cause
visual disturbances.”® Trial data indicate that
phosphenes were transient, occurred mainly
in the first month of treatment, under well-
defined conditions such as light variation and
were well tolerated.****** Luminous phenomena
were reported by 14.5% of patients but fewer
than 1% of patients changed their daily routine
or discontinued the treatment in relation to
phosphenes.*

14

Sinus  bradycardia is an expected
pharmacological effect of ivabradine and
is proportional to the resting heart rate. It
occurs at rest and during exercise due to the
slowing of the sinus node discharge by selective
inhibition of the I current. The incidence of
sinus bradycardia was similar to reported levels
with B-blockers, being 2.2 and 5.4 % of patients
receiving 7.5 and 10mg ivabradine respectively
compared to 4.3% of patients receiving
atenolol.* In another study, less than 1% of
patients withdrew because of sinus bradycardia.
There was no evidence for association of
sinus bradycardia with aggravation of other
arrhythmias.”*>

There was no evidence of rebound effect with
drug cessation or pharmacological tolerance
with long-term use.*****

Slowing the heart rate by ivabradine is
associated with prolongation of the Q)'T" interval
in a dose-dependent manner. A long term study
where the QT interval was evaluated using a
population corrected formula showed absence
of change in corrected QT interval throughout
follow-up supporting lack of direct effect of
ivabradine on ventricular repolarisation.

A review of adverse effects of ivabradine in
trials of clinical efficacy has been presented in
the European Public Assessment Report (EPAR

2005) and summarised in Table 8.%
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Table 8. Emergent visual and cardiac adverse events reported by at least 0.5% of patients exposed to
ivabradine 5 or 7.5 mg bid in the Overall Oral Safety set. PY, patient-years.5’

System organ class Ivabradine
Preferred term (5 or 7.5 mg bid) Placebo Atentolol Amlodipine
(n =1651) PY = 635.2 (n=313) PY = 64.7 (n = 408) PY = 184.4 (n =404) PY =95.5
n % PY n % PY n % PY n % PY
Eye disorders 281 17.0 4424 10 3.2 1546 39 9.6 2115 19 4.7  19.90
Visual disturbance NOS 270 16.4 4251 9 29 1391 27 6.6 14.64 18 45 18.85
Cardiac disorders 296 17.9 46.60 29 9.3 4482 62 15.2 33.62 53 13.1  55.50
Sinus bradycardia 53 3.2 8.34 3 1.0 4.64 21 5.1 11.39 7 1.7 7.33
Ventricular extrasystoles 50 3.0 7.87 4 1.3 6.18 5 1.2 271 11 27 1152
Angina pectoris aggravated 33 2.0 5.20 6 19 927 7 17 3.80 4 1.0 4.19
Angina unstable 33 2.0 5.20 1 03 155 1 0.2 0.54 5 1.2 5.24
Atroventricular block 1st-degree 23 14 3.62 3 1.0 464 8 2.0 4.34 2 0.5 2.09
Myocardial ischemia 19 1.2 2.99 3 1.0 4.64 6 15 3.25 2 0.5 2.09
Palpitations 15 0.9 2.36 0 0.0 0.00 1 0.2 0.54 3 0.7 3.14
Supraventricular extrasystoles 15 0.9 2.36 4 1.3 6.18 2 0.5 1.08 2 0.5 2.09
Atrial fibrillation 15 0.9 2.36 1 03 155 2 0.5 1.08 5 1.2 5.24
Myocardial infarction 13 0.8 2.05 1 03 155 2 0.5 1.08 3 0.7 3.14
Ventricular tachycardia 11 0.7 1.73 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00
Supraventricular tachycardia 8 0.5 1.26 1 03 155 0 0.0 0.00 2 0.5 2.09

Cardiol 1997; 39: 1104-106.
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KEY POINTS
@ |vabradine is a selective and specific inhibitor of the If current which regulates sinoatrial pacemaker
activity.
@ Antianginal and antiischemic efficacy is based on heart rate reduction without any effect on myocardial
contractility, ventricular repolarisation or cardiac conduction.
® Twice daily administration for two weeks lowers resting heart rate, improves exercise tolerance and time
to limiting angina during exercise and reduces the frequency of angina attacks in patients with chronic
stable angina.
@ Efficacy of ivabradine is non-inferior to the b-blocker atenolol and the calcium channel-blocker
amlodipine.
@ Maximal efficacy is evident within the first four weeks of treatment and is maintained for at least one year.
@ |vabradine has a good safety profile and well tolerated, with mild visual symptoms being the most widely
reported side-effects.
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