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ABSTRACT

Introduction: Trimetazidine (TMZ) is an anti-
ischemic metabolic agent that has been shown
to be efficacious in angina treatment, both in
monotherapy and in combination. A new for-
mulation of TMZ modified-release (MR) 80 mg
was developed, which is to be taken once daily
(od), instead of twice daily (bid) for the cur-
rently available TMZ MR 35 mg, with the aim of
simplifying the medication regimen.
Methods: The present study was an interna-
tional, multicenter, randomized, double-blind,
parallel-group phase III study with a 12-week
treatment period. The safety of TMZ MR 80 mg
once daily was assessed compared to TMZ MR
35 mg twice daily, in patients previously treated
successfully by the latter. Emergent adverse
events (EAEs), biological parameters, vital signs,

12-lead resting ECG (electrocardiogram) and
Canadian Cardiovascular Society (CCS) classifi-
cation were recorded.
Results: One-hundred and sixty-five patients
previously diagnosed with stable angina pec-
toris on treatment were randomized to receive
either TMZ MR 80 mg od or TMZ MR 35 mg bid.
In the TMZ MR 80 mg group, fewer patients had
C 1 EAE (17.1 vs. 22.9% in the TMZ MR 35 mg
group). Serious EAEs were reported by three
patients in each group. No EAE required dose
modification, withdrawal, or temporary inter-
ruption of study treatments. Vital signs, 12-lead
ECG, and laboratory parameters did not change.
No worsening in CCS classes was observed with
either treatment.
Conclusions: TMZ MR 80 mg od and TMZ MR
35 mg bid have similar safety profiles. This new
once-daily formulation could improve patient
compliance with therapy, thereby enhancing
clinical benefit.
Trial Registration: ISRCTN registry, ISRCTN
84362208.
Funding: Institut de Recherches Interna-
tionales Servier and Servier, Moscow, Russian
Federation.
Plain Language Summary: Plain language
summary available for this article.
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PLAIN LANGUAGE SUMMARY

Angina is a condition affecting more than a 100
million patients worldwide. The drug trimeta-
zidine has previously been shown to be effica-
cious for treating angina. Trimetazidine is
currently available as 20- and 35-mg pills, which
have to be taken two or three times daily,
respectively. In the present study, a new for-
mulation of 80 mg trimetazidine, for which one
dose daily is sufficient, was compared to the
existing 35 mg trimetazidine in terms of safety
and was found to be similarly safe. Increased
number of medications to be taken has previ-
ously been shown to decrease the probability of
patients taking their treatment as prescribed.
The fact that this new trimetazidine formula-
tion reduces the number of pills taken daily
could thus be a step towards helping patients to
follow their treatment.

INTRODUCTION

The prevalence of angina pectoris (AP) is con-
siderable, as it affects nearly 112 million people
worldwide [1]. Despite available treatments,
studies have reported that there is marked
variability in achieving angina control [2, 3].
Although the extent of its impact is often
underestimated by physicians [2, 4], angina can
adversely affect patients’ quality of life and
result in increased healthcare costs [5].

Beta-blockers, dihydropyridine calcium
channel blockers, and nitrates, which are widely
used as antianginal medications, affect cardio-
vascular hemodynamics, reducing oxygen
demand and/or increasing oxygen supply. For
patients remaining symptomatic despite
monotherapy, European guidelines [6] recom-
mend a combination of different antianginal
agents. The addition of trimetazidine (TMZ) can
provide an opportunity to optimize antianginal
treatment, as it does not have any hemody-
namic effect but acts directly at the myocardial
cell level instead. By inhibiting an enzyme
involved in fatty acid oxidation, TMZ leads to
increased creatine phosphate/ATP (adenosine
triphosphate) ratio and preservation of
myocardial high-energy phosphate levels and

ion pump function, ultimately resulting in
improved cardiac efficiency [7]. The efficacy of
TMZ in treating stable angina, both as
monotherapy and in combination, has been
reported and summarized in a meta-analysis of
randomized clinical trials [8].

Non-adherence to treatment is frequently
observed in outpatient care and can be observed
even in symptomatic conditions like angina [9].
Decreasing the number of treatment doses
taken per day could help to improve adherence
[9–11] and thus potentially translate into clini-
cal benefit. With this aim of simplification of
the medication regimen, a once-daily (od) oral
formulation of TMZ 80 mg was developed, with
an equivalent systemic exposure to TMZ 35 mg
twice daily (bid) demonstrated.

In the present 12-week study, the safety of
TMZ modified-release (MR) 80 mg formulation
was compared with the already-marketed TMZ
MR 35-mg formulation, in patients with
chronic stable angina.

METHODS

The present study was an international, multi-
center, randomized, double-blind, parallel-
group phase III study with a treatment period of
12 weeks. The study was conducted in Russia
and in Serbia, from January 2013 to August
2013. In total, 15 centers were selected and
included at least one patient: 12 in Russia and
three in Serbia.

Patients were both male and female, aged
C 21 years old, with chronic stable angina pec-
toris, where the symptoms were classified as
being class 1, 2, or 3 according to the Canadian
Cardiovascular Society (CCS) classification.
Patient treatment had to include at least one
regular antianginal medication such as beta-
blockers, calcium channel blockers, long-acting
nitrates, nicorandil, ivabradine, or mol-
sidomine. Short-acting nitrates were adminis-
tered on demand. At the time of selection, the
patient had to be already treated by his/her
physician for angina pectoris with TMZ MR
35 mg bid for at least 1 month, with satisfactory
clinical effect and good tolerance. Coronary
heart disease should have been documented by
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either previous MI (myocardial infarction) or
previous coronary revascularization
C 3 months, or angiographic evidence of C 50%
narrowing of C 1 major epicardial coronary
artery, or in male patients only documented
evidence of myocardial ischemia. The main
exclusion criteria were current or previous
Parkinsonian symptoms and abnormal renal
function with estimated creatinine clearance
(eCrCl)\60 ml/min.

With respect to blinding, a double-dummy
design was used, with placebo tablets matching
TMZ MR 35-mg tablets and placebo capsules
matching TMZ MR 80-mg capsules. The study
consisted of a run-in period of 2 weeks, during
which patients received TMZ MR 35 mg bid and
one capsule of placebo twice daily, followed by
a double-blind treatment period of 12 weeks,
during which patients were randomized to
receive either (A) one tablet of TMZ MR 35 mg
and one capsule of placebo twice daily or
(B) one capsule of TMZ MR 80 mg and one
tablet of placebo in the morning and one cap-
sule of placebo and one tablet of placebo in the
evening. Randomization was not centralized.
The treatments were allocated at the inclusion
visit (week 0) by a balanced (non-adaptive)
randomization (ratio 1:1) with stratification by
center.

The main objective of the study was to assess
safety of TMZ MR 80 mg od compared to TMZ
MR 35 mg bid.

All of the 165 patients included in the study
attended week 0 (W0), week 4 (W4), week 8
(W8), and week 12 (W12) visits for safety
assessment. Safety evaluation was based on the
following: (1) adverse events, (2) laboratory
parameters (biochemical and hematological,
only at inclusion/W0 and W12), (3) vital signs
including weight (only at inclusion/W0 and
W12), supine and standing blood pressure and
pulse rate, (4) 12-lead electrocardiogram, and
(5) CCS classification of symptoms of angina
pectoris.

Compliance with Ethics Guidelines

All procedures performed in studies involving
human participants were in accordance with

the ethical standards of the institutional and/or
national research committee and with the 1964
Helsinki Declaration and its later amendments
or comparable ethical standards. Informed
consent was obtained from all individual par-
ticipants included in the study.

Statistical Analysis

Descriptive statistics were provided by treat-
ment group (and all groups pooled for study
outcome criteria and adverse events) depending
on the nature of the criteria. For quantitative
criteria, the number of observed values, mean,
standard deviation, minimum and maximum,
median, first and third quartiles were used. For
qualitative criteria, the number of observed
values, number, and percentage of patients per
class were used.

RESULTS

A total of 180 patients were screened and 177
were selected for the study. Among them, 165
patients (130 in Russia and 35 in Serbia) were
included and randomly assigned to one of the
two treatment groups: either the TMZ MR
80 mg od group (n = 82 patients) or the TMZ
MR 35 mg bid group (n = 83 patients). Reasons
for exclusion of selected patients were: non-
compliance with inclusion/non-inclusion crite-
ria in nine patients and adverse events in three
patients. No patient was withdrawn from the
study, nor lost to follow-up.

The main characteristics at baseline are
summarized in Table 1. The two groups were
well balanced regarding demographic charac-
teristics at baseline (64 years old, 69% male,
100% Caucasian) and duration of stable angina
pectoris (mean duration, 6.3 ± 5.4 years). In
addition to angina pectoris, the most frequent
medical histories related to CAD (coronary
artery disease) were myocardial infarction (73%)
and unstable angina (15%). Forty-two percent
of the patients had previous coronary angio-
plasty and 26% previous coronary artery bypass.
Before the treatment period, all of them were
receiving specific treatment for angina, mainly
beta-blocking agents (88%), calcium channel
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blockers (34%), and/or long-acting nitrates
(32%), which was maintained during the study.
Overall, 47.9% of the patients received addi-
tional concomitant treatment before the

treatment period with no relevant difference
between groups. They were mainly diuretics
(20% of the patients) and drugs used in diabetes
(18% of the patients). No major difference

Table 1 Main baseline characteristics and therapies in the randomized patients

Trimetazidine
MR 80 mg od
(N5 82)

Trimetazidine
MR 35 mg bid
(N5 83)

All
(N5 165)

Age (years) 63.3 ± 6.9 64.3 ± 8.3 63.8 ± 7.6

Proportion of men 56 (68.3) 57 (68.7) 113 (68.5)

Blood pressure

SBP (mmHg) 129.7 ± 14.4 132.0 ± 13.7 130.9 ± 14.1

DBP (mmHg) 78.0 ± 7.5 78.7 ± 7.7 78.3 ± 7.6

Heart rate (bpm) 64.7 ± 9.8 63.3 ± 9.4 64.0 ± 9.6

Stable angina pectoris duration (years) 5.8 ± 5.4 6.9 ± 5.3 6.3 ± 5.4

CCS classification

Class I 22 (26.8) 14 (16.9) 36 (21.8)

Class II 49 (59.8) 63 (75.9) 112 (67.9)

Class III 11 (13.4) 6 (7.2) 17 (10.3)

Medical history of CAD 82 (100) 83 (100) 165 (100)

Myocardial infarction 61 (74.4) 60 (72.3) 121 (73.3)

Unstable angina 13 (15.9) 12 (14.5) 25 (15.2)

Surgical/medical procedures history 50 (61.0) 53 (63.9) 103 (62.4)

Coronary angioplasty 35 (42.7) 35 (42.2) 70 (42.4)

Coronary artery bypass 19 (23.2) 24 (28.9) 43 (26.1)

Baseline cardiovascular therapies

Antithrombotic agents 78 (95.1) 79 (95.2) 157 (95.2)

Statins 75 (91.5) 75 (90.4) 150 (90.9)

ACEi and ARB 68 (82.9) 76 (91.6) 144 (87.3)

CCB 27 (32.9) 29 (34.9) 56 (33.9)

BB 74 (92.2) 71 (85.5) 145 (87.9)

LAN 27 (32.9) 26 (31.3) 53 (32.1)

Data presented are mean (±SD) or n (%)
ACEi angiotensin-converting enzyme inhibitor, ARB angiotensin receptor blocker, BB beta-blocker, CAD coronary artery
disease, CCB calcium channel blocker, CCS Canadian Cardiovascular Society, DBP diastolic blood pressure, LAN long-
acting nitrates, SBP systolic blood pressure, SD standard deviation
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between the two groups was observed regarding
blood pressure and heart rate, ECG (electrocar-
diogram), and laboratory parameters. There was
a slightly higher proportion of patients with
class I and class III CCS in the TMZ MR 80-mg
group than in the TMZ MR 35-mg group. No
major changes were reported regarding con-
comitant treatments during the study.

In the Safety Set (which consisted of all the
randomized and treated patients, i.e., 165
patients), the proportion of patients who expe-
rienced at least one emergent adverse event

(EAE) during the double-blind treatment period
(Table 2) was slightly lower in the TMZ MR
80-mg group (14 patients, 17.1%) than in the
TMZ MR 35-mg group (19 patients, 22.9%). In
the TMZ MR 80-mg group, the most frequently
reported EAE (at least two patients) was influ-
enza (two patients), whereas in the TMZ MR
35-mg group it was hyperglycemia (four
patients), hyperbilirubinemia (two patients),
and atrial fibrillation (two patients). No EAE led
to dose modification, withdrawal, or temporary
interruption of the study treatments.

Table 2 Emergent adverse events by system organ classes reported during the treatment period with preferred term when
more than a single patient is considered

System organ class
Preferred term

Trimetazidine
MR 80 mg od
(N5 82)

Trimetazidine
MR 35 mg bid (N5 83)

NEAE n % NEAE n %

Infections and infestations 6 5 6.1 1 1 1.2

Influenza 2 2 2.4 – – –

Investigations 4 4 4.9 5 5 6.0

Hyperbilirubinemia 1 1 1.2 2 2 2.4

Hyperglycemia – – – 4 4 4.8

Cardiac disorders 5 3 3.7 5 5 6.0

Atrial fibrillation – – – 2 2 2.4

Renal and urinary disorders 2 2 2.4 – – –

Metabolism and nutrition disorders 2 1 1.2 7 6 7.2

Hepatobiliary disorders 1 1 1.2 2 2 2.4

Respiratory, thoracic, and mediastinal disorders 1 1 1.2 2 1 1.2

Blood and lymphatic system disorders 1 1 1.2 – – –

Gastrointestinal disorders 1 1 1.2 – – –

Musculoskeletal and connective tissue disorders 1 1 1.2 – – –

Injury, poisoning, and procedural complications – – – 1 1 1.2

Nervous system disorders – – – 1 1 1.2

Vascular disorders – – – 1 1 1.2

ALL 24 14 17.1 25 19 22.9

N number of patients by group, NEAE number of emergent adverse events, n number of patients with at least one emergent
adverse event, % = (n/N) 9 100
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In terms of intensity, most of the EAEs were
rated as mild (14 vs. 18 events, in the TMZ MR
80-mg and MR 35-mg group, respectively) or
moderate (seven events in each group). Three
patients in each group experienced serious
adverse events (Table 3). None was considered
to be related to treatment and all recovered.

In addition, only one event (polyuria, which
recovered fully) in the TMZ MR 80-mg group
was considered to be related to the study treat-
ment by the investigator.

Most emergent adverse events recovered in
both treatment groups: 75.0% of events in the
TMZ MR 80-mg group and 56.0% in the TMZ
MR 35-mg group. Events not recovered at the
end of the study were mostly related to chronic
diseases (i.e., diabetes, dyslipidemia) or were
reported at the last visit (W12). None of them
was serious or of severe intensity.

There was no study treatment interruption
due to lack of efficacy. Regarding CCS classifi-
cation of symptoms of angina, no worsening
was reported with either treatment.

No clinically significant changes were
observed during the study regarding vital signs
(weight, blood pressure, and pulse rate), ECG,
and laboratory parameters. Based on local lab-
oratory tests, very few biological values reached
a potentially clinically significant level (PCSA),
each of them affecting only one patient, with
the exception of high triglycerides in the TMZ
MR 35-mg group, which affected three patients:
• 4 PCSA values in the TMZ MR 80-mg group:

high GGT, low clearance creatinine, high
triglycerides, and low platelets,

• 6 PCSA values in the TMZ MR 35-mg group:
high glucose, low HDL cholesterol, high
triglycerides, and high white blood cell
count.

DISCUSSION

This is the first study to assess the clinical
acceptability of TMZ MR 80 mg, a new formu-
lation of trimetazidine allowing a single dose
daily. Previous pharmacokinetic studies

Table 3 Emergent serious adverse events reported during the treatment period

Preferred term Trimetazidine
MR 80 mg od
(N5 82)

Trimetazidine
MR 35 mg bid
(N5 83)

NEAE n % NEAE n %

Cardiac failure acutea 1 1 1.2 – – –

Myocardial infarctiona 1 1 1.2 – – –

Ventricular fibrillationa 1 1 1.2 – – –

Atrial fibrillation – – – 2 2 2.4

Blood pressure

increased

1 1 1.2 – – –

Renal colic 1 1 1.2 – – –

Pulmonary edemaa 1 1 1.2 – – –

Ischemic stroke – – – 1 1 1.2

ALL 6 3 3.7 3 3 3.6

N number of patients by group, NEAE number of emergent adverse events, n number of patients with at least one emergent
serious adverse event, % = (n/N) 9 100
a These events all occurred in the same patient on the same day and recovered
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performed with the 80-mg MR formulation
(data on file) showed that:
• This formulation presents plasma profiles of

an MR once-daily formulation,
• This formulation leads to AUC24, Cmax, and

Cmin equivalent to the ones obtained with
the MR 35 mg bid after repeated dosing in
fed conditions in healthy volunteers,

• There is no food effect on pharmacokinetic
parameters.
In the present study, TMZ MR 80 mg once

daily compared to TMZ MR 35 mg bid for a
12-week treatment period were found to have
similar safety profiles in patients with docu-
mented coronary artery disease and
stable chronic angina pectoris. Study treatment
was given on top of both routine antianginal
therapies and secondary prevention therapy.
Patients were treated with TMZ MR 35 mg bid
during the run-in period, therefore only a mar-
ginal additional benefit was expected on angina
symptoms during the double-blind treatment
period. According to the summary of product
characteristics and minimization measure
implemented to reduce the risk of overexposure
to TMZ in patients with renal insufficiency,
patients with moderate-to-severe renal impair-
ment (creatinine clearance below 60 ml/min
during the run-in period) were excluded, since
no adaptation of the dose could be done with
the capsules containing 80 mg of TMZ.

TMZ is a well-established therapy for angina
control, with a mechanism of action that is
distinct from that of other antianginal agents,
as it acts directly at the level of myocardial cells.
Since it is devoid of any major hemodynamic
properties, it can be combined with other clas-
ses of antianginal therapy. The MR 80-mg for-
mulation taken od simplifies the treatment
regimen and would thereby be expected to
improve adherence to treatment in real-life
settings.

Non-adherence to treatment is known to be
a problem in asymptomatic diseases, with the
notable example of hypertension, but can also
concern symptomatic diseases, and has been
reported in patients with stable angina treated
with symptom-releasing nitrates [9]. Amongst
patients with angina, adherence could be
hampered by the total number of medications

prescribed, since many of the patients have
multiple comorbidities, such as diabetes melli-
tus or hypertension. Adherence has been shown
to be related not only to the number of medi-
cations but also to the number of doses to be
taken per day [12] and it is inversely related to
the latter [13]. Hence, simplifying a medication
regimen might be expected to be associated
with improved adherence and so with potential
increased clinical benefits in patients with ang-
ina. A study showed that converting patients
with chronic, stable angina to long-acting
antianginal medications led to substantial
improvement in symptom control [10].
Improved adherence with once-daily treatment
compared with twice-daily treatment was
shown for both beta-blocker and nitrate regi-
men [9, 11]. Health-related quality of life was
also improved according to one study [11].

In light of this evidence, the availability of a
once-daily formulation of TMZ, with similar
safety to the twice-daily formulation, could
offer an opportunity for improving patient
adherence to treatment.

Study Limitations

Despite its randomized, double-blind design,
the study has limitations related to the small
size of the patient population (n = 165 patients)
and to the protocol selection criteria.

CONCLUSIONS

TMZ MR 80 mg od was shown to have a similar
safety profile to TMZ MR 35 mg bid. This once-
daily formulation could possibly help increase
treatment adherence and thus lead to clinical
benefit in real life.
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