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ABSTRACT

Introduction: Angina is the cardinal symptom
of chronic coronary syndrome (CCS), which is
the leading cause of death worldwide. As such,
the control of angina is important. The current
guidelines recommend beta blockers (BB) or
calcium channel blockers to reduce angina, yet
many patients with stable angina remain
symptomatic. It has been suggested that com-
bining trimetazidine (TMZ), an anti-ischemic
agent, with a BB is beneficial for symptomatic
patients. Bisoprolol, a BB, is often used to treat
patients with CCS, yet no data are currently
available regarding the efficacy of bisoprolol
combined with TMZ in patients who remain
symptomatic despite receiving bisoprolol.
Methods: The aim of this post-hoc analysis of
the CHOICE-2 study was to evaluate the efficacy
and safety of TMZ 35 mg twice daily in combi-
nation with different bisoprolol doses in symp-
tomatic patients with stable angina patients
receiving hemodynamic therapy in a real-world
clinical setting.
Results: This analysis involved 221 patients
(mean [± standard deviation] age 64.8 ± 8.9
years) with stable angina. The mean number of

weekly angina episodes gradually fell from
6.2 ± 5.3 at inclusion (M0) to 1.5 ± 1.9 at
6 months after treatment initiation (M6) with
combined TMZ–bisoprolol therapy (P\0.001).
The number of patients assessed to be angina-
free increased almost sixfold from 5.4% (12/
221) at M0 to 33.9% (74/221) at M6. Exercise
capacity improved, as measured by walking
distance, from 308 ± 207 m at M0 to
497 ± 253 m at M6 (P\ 0.05). The number of
patients with Canadian Cardiovascular Society
class 1 angina increased by tenfold during the
study, whereas those with class 3 angina
decreased by threefold.
Conclusion: The TMZ–bisoprolol combination
is a rapidly effective treatment for reducing the
frequency of angina attacks and the use of
short-acting nitrates in patients with
stable angina in a real-world clinical setting.
The benefits of this combination therapy was
observed as early as 2 weeks after treatment
initiation and the treatment was well tolerated.
Trial Registration: ISRCTN identifier:
ISRCTN65209863
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Key Summary Points

Why carry out this study?

Angina remains a therapeutic problem in
current real-life medical practice despite
current conventional first-line
hemodynamic anti angina therapies.

Bisoprolol is one of the most widely used
beta blockers (BB) for the relief of angina
in patients with chronic coronary
syndrome.

Trimetazidine (TMZ), an anti-ischemic
agent, has demonstrated additional
angina relief in patients who remain
symptomatic while on BB, but data
regarding its efficacy when used in
combination with bisoprolol are scarce.

What was learned from the study?

The current analysis presents real-world
data on the anti-angina efficacy of TMZ
35 mg twice daily when included in the
therapeutic regimen of patients with
angina who have remained symptomatic
despite treatment with maximum
tolerated bisoprolol dose.

DIGITAL FEATURES

This article is published with digital features to
facilitate understanding of the article. You can
access the digital features on the article’s asso-
ciated Figshare page. To view digital features for
this article go to https://doi.org/10.6084/m9.
figshare.13160387

INTRODUCTION

Chronic coronary syndrome (CCS) is currently
the leading cause of death worldwide [1]. Ang-
ina, the cardinal symptom of CCS, often
requires hospitalization and substantial
resource use [2, 3]. As survival and major cardiac

events are closely related to the frequency of
angina attacks, alleviating symptoms is one of
the main treatment goals for patients with CCS.
Thus, antianginal (AA) drugs are a fundamental
part of the therapy to relieve chest pain and
improve quality of life. Both the European and
American guidelines recommend beta blockers
(BB) or calcium channel blockers (CCB) in
combination or alone as first-line treatment for
symptomatic angina relief [4]. Worldwide reg-
istry evidence demonstrates that these recom-
mendations are well followed as BB either as
monotherapy or in combination with other AA
drugs are the most widely used drugs in real-
world clinical practice to alleviate angina in
patients with CCS [5]. However, despite this
widespread use of BB, a high proportion of
patients with stable angina continue to experi-
ence ischemia and anginal pain [6], even after
successful revascularization [7–9]. An analysis of
patient data in CLARIFY, the largest registry of
patients with CCS, demonstrated that 79% of
the patients who complain of angina were
treated with a BB, among which bisoprolol was
the most frequently prescribed BB [10].

Trimetazidine (TMZ) is a metabolic agent
that acts at the cellular level, optimizing glucose
metabolism (adenosine triphosphate) and in
doing so, protects against angina and ischemic
damage [11, 12]. During an ischemic attack,
TMZ has a cytoprotective effect and is thus
indicated in the long-term treatment of
stable angina. Its effects complement those of
hemodynamically active agents and reduce the
frequency of angina episodes without affecting
the hemodynamic parameters [13, 14]. This
cardioprotective effect has been shown both in
patients with either CCS [14–18] and those with
heart failure [19–22]. There is also some evi-
dence suggesting that some patients remain
symptomatic despite taking BB, such as pro-
pranolol or metoprolol, and would gain benefit
from adding TMZ to their background BB ther-
apy [23, 24].

We report here a post-hoc analysis of the
CHOICE-2 study in which we evaluated the
efficacy and safety of TMZ 35 mg twice daily
(bid) added to bisoprolol in patients with per-
sisting angina despite taking the maximal tol-
erated bisoprolol dose and other appropriate
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background hemodynamic therapy, in real-
world clinical practice.

METHODS

The design and conduct of this observational,
multicenter study have been described in detail
in a previous publication on the CHOICE II
study [25].

CHOICE-2 was a 6-month multicenter
observational program conducted in 46 regions
of the Russian Federation (ISRCTN identifier:
ISRCTN65209863, protocol number IC4-
06,790-013-RUS) [25]. All patients were treated
with modified-release TMZ (TMZ MR) 35 mg bid
in combination with a BB in addition to back-
ground hemodynamic therapy. The study
enrolled 896 patients with stable angina, the
majority of whom were classified with Cana-
dian Cardiovascular Society class 2 or 3 angina
and were being treated with a maximum toler-
ated dose of a BB, either alone or in combina-
tion with another first or second class AA drug.
The treating general practitioner or cardiologist
was free to decide whether TMZ MR 35 mg bid
could be added to the current AA therpeutic
regimen. Physicians were also free to modify the
AA drugs or implement secondary prevention
during study visits, if deemed necessary
according to their clinical judgment and nor-
mal clinical practice. Over the course of the
study, safety and efficacy parameters were
assessed at five visits (inclusion [M0]; week 2
[W2] and months 2, 4 and 6 (M2, M4 and M6,
respectively, after treatment initiation).

All procedures comply with the ethical
standards of the responsible committee on
human experimentation (institutional and
national), the Helsinki Declaration of 1964, as
revised in 2013, and the European Independent
Ethics Committee. The CHOICE-2 protocol was
approved by the Inter-University Ethics Com-
mittee (protocol no. 09-14 dd. 23/10/2014;
Moscow), and informed consent for inclusion
in the study was obtained from all patients.

The current post-hoc analysis was performed
because there are currently no data on the effi-
cacy of TMZ when added to bisoprolol
monotherapy in patients with CCS who remain

symptomatic. The analysis was performed on a
subset of patients receiving combination ther-
apy with TMZ ? bisoprolol in addition to other
hemodynamic therapy. The patients consis-
tently received the maximally tolerated dose of
bisoprolol, and this regimen remained
unchanged 1 month before inclusion in the
study. Other hemodynamically active agents
were allowed throughout the study according to
the investigator’s discretion.

Of the 896 patients enrolled in the CHOICE
II study, 221 patients were treated with both
TMZ 35 mg bid and bisoprolol once daily
throughout the study period. For the purposes
of this analysis, patients were categorized into
four groups based on the prescribed bisoprolol
dose: 2.5 mg, 5 mg, 10 mg or Other doses. Safety
and efficacy data from the five study visits were
included in the post hoc analysis. For each
bisoprolol dose level and for the whole popu-
lation treated with the combination of biso-
prolol ? TMZ, the investigator recorded the
weekly number of angina attacks, weekly con-
sumption of short-acting nitrates (SAN), walk-
ing distance, stair climbing before chest pain
onset, presence of dyspnoea and echocardiog-
raphy parameters. The Canadian Cardiovascular
Society functional classification system was
used to assess angina severity.

The only safety measurements included in
the analysis were those of systolic and diastolic
blood pressure (SBP and DBP, respectively, in
mmHg), heart rate (bpm) and clinical labora-
tory evaluations (total cholesterol, high-density
lipoproteins, low-density lipoproteins, triglyc-
erides, fasting blood glucose, glycosylated
hemoglobin, creatinine, uric acid). In addition,
any hospitalization or ambulance call-out for
these patients was recorded.

All of the parameters were analyzed using
methods for descriptive statistics. For each
parameter, the number of patients, mean value,
standard error, and minimal and maximal val-
ues were presented. All outcomes, including
baseline characteristics and safety, were ana-
lyzed in the intention-to-treat (ITT) population.
Changes in parameters (and confidence inter-
vals) were evaluated in the ‘‘per protocol’’ pop-
ulation (PPP). For the analysis of normally
distributed data, the Student’s t test for paired
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measurements was used; otherwise, the non-
parametrical Wilcoxon test was used. Addi-
tional pharmacodynamic parameters were
assessed by discriminative analysis.

RESULTS

Population

A total of 221 patients were included in the
analysis. The demographic and baseline char-
acteristics of the patient population are listed in
Table 1. The population was relatively young,
with a mean (± standard deviation [SD]) age of
64.8 ± 8.9 years, and the proportion of men
(47.96%) to women was well-balanced in the
total population; however there were more men
in 2.5 mg bisoprolol group (69.23%) and in the
‘Other’ bisoprolol group (60%). Blood pressure
was relatively well-controlled in the total pop-
ulation (mean ± SD: SBP 139.4 ± 15.9 mmHg,
DBP: 84.4 ± 9.7 mmHg). Mean heart rate was
71.9 ± 9.6 bpm which while being within
acceptable range, was on the border of high.
Only 25% were former smokers or had never
smoked. Most patients had hypertension
(91.86%) and nearly one-quarter (23.08%) had
diabetes; (22.62%) reported having had a coro-
nary revascularization. All patients had
stable angina at inclusion, with most of them
classified as grade 2 (65.6%) or grade 3 (30.8%).
The mean number (± SD) of angina episodes
was 6.2 ± 5.3 (range 2–38) episodes per week,
and the mean number of SAN intakes per week
was 5.5 ± 4.4 (range 0–25). All patients were
taking a BB, 25.4% were taking a CCB and
26.7% were also taking long-acting nitrates.

All patients were prescribed TMZ 35 mg bid
throughout the study. A majority of patients
(60.1%) were prescribed 5 mg bisoprolol; 21.1%
were prescribed 10 mg and 11.9% received
2.5 mg bisoprolol. In the patient group of Other
bisoprolol doses, 1.8% of patients were treated
with a dose of 7.5 mg, 0.9% with a dose of
1.25 mg, and 0.5% with a dose with 15 mg. Of
the 221 patients, 92.8% remained on the same
bisoprolol dose throughout the trial and 218
remained on the TMZ–bisoprolol combination
after the study.

During the study period, AA drugs and other
cardiovascular therapy remained stable (rate of
change per treatment \5%). The use of AA
therapy fell slightly from inclusion (M0) to M6;
this trend was also seen for CCB use, from 25 to
24%, and for use of long-acting nitrates, 27 to
20%.

Outcome Results

All outcomes, including safety, were analyzed in
the 221 patients in the ITT population.

Angina Episodes

The mean number (± SD) of reported angina
episodes per week decreased progressively from
6.2 ± 5.3 at inclusion (M0) to 4.4 ± 4.0 at W2,
and continued decreasing to 1.5 ± 1.9 at M6.
Mean change from baseline was statistically
significant at all evaluated time points
(P\0.001).

Similar decreases were observed when each
bisoprolol subgroup was considered separately.
The mean number of reported angina attacks
per week decreased significantly and sustainably
from inclusion (M0) to M6 in all four subgroups
(P\0.05) (Fig. 1)

Proportion of Angina-Free Patients

At inclusion (M0), all patients reported at least
one angina episode per week. In patients pre-
scribed the combined TMZ–bisoprolol, the per-
centage (number) of angina-free patients
steadily increased by almost sixfold, from 5.4%
(12/221) at inclusion to 33.9% (74/221) at M6.
A similar trend of angina-free patients was
observed in the bisoprolol dosage subgroups
(Fig. 2).

Use of Short-Acting Nitrates

Overall, the mean number (± SD) of reported
SAN doses per week steadily decreased from
5.5 ± 4.4 at inclusion (M0) to 1.0 ± 1.4 at M6.
Mean changes from baseline were statistically
significant at all evaluated time points
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Table 1 Baseline characteristics of patient population

Patient baseline
characteristics

Patient groups based on prescribed bisoprolol dose All patients
(n = 221)2.5 mg

(n = 26)
5 mg
(n = 140)

10 mg
(n = 45)

Other
(n = 10)

Age (years) 67.8 ± 8.1 65.0 ± 8.6 62.5 ± 9.3 64.8 ± 8.8 64.8 ± 8.9

Men, n(%) 18 (69.23) 64 (45.71) 18(40) 6(60) 106 (47.96)

BMI (kg/m2) 29.1 ± 4.6 30.7 ± 4.7 30.4 ± 5.0 28.9 ± 3.5 30.4 ± 4.7

Current & former smokers

n(%)
85 (30.76) 39 (27.85) 9 (20) 0 (0) 56 (25.34)

SBP (mmHg) (± SD 11) 133.7 ± 18.0 139.6 ± 15.6 143.4 ± 15.0 132.8 ± 12.9 139.4 ± 15.9

DBP (mmHg) (± SD 12) 79.2 ± 10.8 84.7 ± 9.5 86.9 ± 8.9 81.7 ± 7.5 84.4 ± 9.7

Heart rate (bpm) 69.4 ± 10.1 72.8 ± 9.3 72.1 ± 10.3 66.4 ± 7.2 71.9 ± 9.6

Concomitant diseases, n (%)

Hypertension 21 (80.77) 131 (93.57) 43 (95.56) 8 (80.00) 203 (91.86)

Previous myocardial

infarction

12 (46.2) 54 (38.57) 15 (33.33) 7 (70.00) 88 (3.82)

Diabetes, 3 (11.54) 32 (22.86) 13 (28.89) 3 (30.00) 51 (23.08)

Previous revascularization 6 (23.08) 31 (22.14) 10 (22.22) 3 (30.00) 50 (22.62)

Respiratory disease 0 (0.00) 17 (12.14) 4 (8.89) 0 (0.00) 21 (9.50)

Chronic kidney disease 6 (23.08) 24 (17.14) 6 (13.33) 2 (20.00) 38 (17.19)

Treatments taken at inclusion, n (%)

beta-blocker 26 (100) 140 (100) 45 (100) 10 (100) 221 (100)

Calcium antagonists 5 (19.23) 33 (23.57) 15 (33.33) 3 (30.00) 56 (25.34)

Long-acting nitrates 3 (11.54) 34 (24.29) 19 (42.22) 3 (30.00) 59 (26.70)

ACE inhibitors or sartans 22 (84.62) 123 (87.86) 43 (95.56) 8 (80.00) 196 (88.69)

Diuretics 11 (42.31) 73 (52.14) 31 (68.89) 6 (60.00) 121 (54.75)

Anti-platelet agents 25 (96.2) 134 (95.7) 45 (100.0) 9 (90.00) 213 (96.38)

Anticoagulants 1 (3.85) 6 (4.29) 0 (0.00) 1 (10.00) 8 (3.62)

Statins 22 (84.62) 132 (94.29) 43 (95.56) 10 (100.0) 207 (93.67)

Values in table are presented as the mean ± standard deviation or a number with the percentage in parentheses, as
appropriate
ACE Angiontensin-converting enzyme, BMI body mass index, DBP diastolic blood pressure, SBP systolic blood pressure, SD
standard error
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(P\0.001): W2 (- 1.9 ± 2.9), M2 (- 3.2 ± 3.0),
M4 (- 4 ± 3.5) and M6 (- 4.5 ± 3.7). Similar
decreases were observed when each bisoprolol
dose subgroup was considered separately. The
mean number of reported SAN doses per week
decreased significantly from inclusion to M6 in
all four subgroups (P\0.05).

During the 6-month treatment period, the
percentage (number) of patients who no longer
required SAN steadily increased, from 5.9% (13/
221) at inclusion to 52.3% (114/218) at M6
(Fig. 3).

Fig. 1 The mean number of reported angina episodes
from baseline (M0) to 6 months after initiation of
treatment (M6) with trimetazidine (TMZ) added to
regimen of patient-adapted bisoprolol doses. Note that

there is a steady decrease in the number of reported angina
episodes with increasing duration of treatment

Fig. 2 Proportion of angina-free patients from inclusion (M0) to 6 months after treatment initiation (M6) with combined
TMZ–bisoprolol therapy. Note that the proportion of angina-free patients increases from baseline to M6
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Walking Distance to Elicit Chest Pain

The mean (± SD) walking distance to elicit chest
pain steadily increased in all bisoprolol dose
subgroups, from 308 ± 207 m at inclusion to
497 ± 253 m at 6 months (P\ 0.05). Mean
changes from baseline were statistically signifi-
cant at all of the evaluated time points
(P\0.05): W2 (? 23 ± 131 m), Me
(? 89 ± 168 m), M4 (? 138 ± 145 m ) and M6
(? 189 ± 169 m) (Fig. 4).

Stair Climbing Before Chest Pain Occurred

The mean number (± SD) of flights climbed
before chest pain occurred steadily increased
from 2.9 ± 2.0 at inclusion to 4.5 ± 2.3 at M6.
The results for the whole study population were
reflected in all four subgroups, with a significant
increase in the number of flights climbed before
chest pain occurred from inclusion to M6
(P\0.05). Mean changes from baseline were
statistically significant at all visits after W2
(P\0.001).

Dyspnoea

Overall, the percentage (number) of patients
presenting dyspnoea steadily decreased from
inclusion to M6 (76.5% [169/221] to 39.4% [87/
221]). The results for dyspnoea per subgroup
were consistent with those for the whole study
population, all indicated a lower frequency of
dyspnoea over time.

Angina Severity

Angina severity was classified according to the
Canadian Cardiovascular Society functional
classification system as class 1, 2, 3 or 4. The
percentage of patients with class 1 angina
increased more than tenfold during the study
(from 2.3% at inclusion to 27.6% at M6), while
the percentage of patients with class 3 angina
decreased threefold (from 30.8% at inclusion to
10.0% at M6) (Fig. 5).

Changes in angina severity were also classi-
fied as: stable (no shift in angina severity grade
from inclusion to M6); improving (shift towards
a lower severity grade from inclusion to M6);
and worsening (shift towards a higher severity

Fig. 3 Mean changes in weekly short-acting nitrate (SAN)
doses from inclusion (M0) to 6 months after treatment
initiation (M6) with combined TMZ–bisoprolol therapy.

Note that the number of mean SAN doses decreases from
inclusion to M6

Cardiol Ther (2021) 10:161–173 167



grade from inclusion to M6). Of the 221
patients included in the full analysis set, two
(0.9%) showed worsening angina severity, 96
(43.4%) showed improvement in angina sever-
ity and 101 (45.7%) showed neither improving
nor worsening of their angina symptoms;

changes in angina severity could not be calcu-
lated for the remaining 22 patients (10.0%).

Fig. 4 Mean changes in walking distance from inclusion (M0) to 6 months after treatment initiation (M6) with combined
TMZ–bisoprolol therapy. Note that the mean walking distance increased from inclusion to M6

Fig. 5 Change in angina severity according to the the
Canadian Cardiovascular Society functional classification
system from inclusion (M0) to 6 months after treatment
initiation (M6) with combined TMZ–bisoprolol therapy.

Note that addition of TMZ to the treatment regimen
reduced angina severity at M6
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Echocardiographic Parameters

The mean ejection fraction was 57.2 ± 7.7%
(n = 136) at inclusion and 57.3 ± 7.9% (n = 43)
at M6. The mean change from baseline could
only be calculated for 33 patients and was
1.5 ± 3.6%.

There were no significant changes in
echocardiographic parameters (left ventricular
posterior wall, interventricular septum) after
6 months of treatment with the TMZ–bisoprolol
combination.

Safety Results

During the study, blood pressure remained
within normal ranges in all subgroups. No
bradycardia was observed. No deterioration was
observed in the lipid, glucose, or uric acid
profiles.

Most hospitalizations and ambulance calls
were related to angina and concomitant dis-
eases such as hypertension. The number of
hospitalizations and ambulance calls decreased
from 72 (reported by 61/221 patients) in the
6 months preceding study inclusion to 23 (re-
ported by 17 patients) during the treatment
period. This threefold decrease in the hospital-
ization rate was consistently observed in the
TMZ–bisoprolol subgroups.

DISCUSSION

The current analysis provides real-world evi-
dence in support of the hypothesis that the
addition of TMZ 35 mg bid to bisoprolol
monotherapy at various bisoprolol doses pro-
vides additional benefits to patients with
symptomatic angina on hemodynamic therapy,
specifically the improvement of symptoms and
physical capacity and reduction of SAN
consumption.

BB are a heterogeneous class of drugs that
differ in their B-receptor selectivity, their
intrinsic sympathomimetic activity and their
pharmacokinetic properties [26, 27]. Therefore,
the choice of BB is important and is dependent

on patient treatment goals, co-morbidities and
tolerability.

We observed no changes in the glucose, lipid
and uric acid profiles, bradycardia or hypoten-
sion in patient receiving the bisoprolol ? TMZ
combination treatment. Only one patient in the
5 mg bisoprolol group changed therapy to
metoprolol while hospitalized due to myocar-
dial infarction; 98.6% of patients were advised
by their physician to continue bisoprolol treat-
ment after the study. These results support evi-
dence from a recent meta-analysis in the UK of
[ 7000 newly diagnosed outpatients with ang-
ina and co-morbid conditions who were fol-
lowed for up to 14 years. In addition to
bisoprolol demonstrating a probable superiority
for various cardiovascular events, including
angina, over other BB, it was associated with a
higher adherence [28]. In fact, 90.6% of patients
in the bisoprolol cohort were C 80% adherent to
their medication compared with only 63.2% of
patients in the cohort receiving another BB [28].

In our study, the treating physician chose
patients who were already being treated with
the maximum tolerated dose of the BB,
according to current treatment recommenda-
tions for stable angina, to alleviate symptoms
[29]. Most patients (60.1%) enrolled in the
study were receiving 5 mg bisoprolol and yet
remained symptomatic, thus requiring further
treatment optimization, despite having other
AA drugs in their treatment regimen. Also, the
mean heart rate bordered on the high side
although it was within an acceptable range
(71.9 ± 9.6 bpm). These findings reflect those of
the CLARIFY registry study, which demon-
strated that the maximum BB dose is often not
reached in clinical practice. This registry study
found that CCS patients were prescribed a BB
dose that was one-half of that used in clinical
studies [30], often because higher BB dosages
increase side effects without a relevant efficacy,
thereby reducing patient adherence [31, 32].

Current guidelines acknowledge the multi-
factorial origin of angina and encourage the use
of more than one AA drug to alleviate angina
pain [5, 29]. To date, there are no data available
to support superiority between the different AA
classes. Moreover, the most recent CCS guide-
lines even foster early use of a combination of
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first- and second-line AA drugs to alleviate
angina quickly, especially in patients who can-
not tolerate the intense first-line regimen
[5, 29]. However, optimization of therapy with
two to three drugs that affect similar hemody-
namic mechanisms that cause ischemia often
has no additive effect. These combinations
often fail to provide effective angina relief, with
the result that a vast number of patients remain
symptomatic. In the ORBITA study, for exam-
ple, AA treatment was optimized with two or
more hemodynamic drugs for 6 weeks prior to
randomization for percutaneous coronary
intervention (PCI), yet among the 230 patients
enrolled, symptoms regressed in only 17
patients [33].

TMZ acts at the cellular level and has no
effect on coronary flow, contractility, blood
pressure or heart rate and has been proven to be
as effective as other non-heart rate-reducing AA
drugs and heart rate-reducing drugs [17].

A recent meta-analysis that included 13
studies, five of which with a Jadad score of 4 and
5, involving 1628 patients with CCS patients
demonstrated that combining TMZ or rimeta-
zidine with the first-line AA therapy in patients
still having symptoms is highly effective in
alleviating angina regardless of the duration of
treatment [34]. Moreover, combining BB with
TMZ has proven to be more effective than
combining the same BB with other AA drugs,
such as long-acting nitrates [23]. It should be
noted that the results of the well-controlled
ATPCI study were published as this paper was
submitted for publication. However, the AA
properties of TMZ in patients included in our
subanalysis of the CHOICE II study cannot be
compared to those of patients in the ATPCI
study as the patient populations are very dif-
ferent. The ATPCI study did not include angina
patients by design and so was not powered to
show AA efficacy for TMZ. Instead, the ATPCI
study included patients following successful,
uncomplicated PCI who were almost asymp-
tomatic (mean Seattle Angina Questionnaire
subdomain Angina Frequency [SAQ AF]
score 91). The patients in the ATPCI study
actually had a much lower angina burden than
cohorts in similar studies [9, 35, 36], which
made it extremely challenging to prove

additional benefits, particularly as the study was
not powered to evaluate AA efficacy.

It can therefore be speculated that angina
and functional status improvements in symp-
tomatic patients on bisoprolol in our study were
due to TMZ as all patients were taking the
maximum tolerated dose of bisoprolol at
inclusion, but remained symptomatic. Almost
93% of patients remained on the initial biso-
prolol dose throughout the study period, and
no substantial hemodynamic treatment chan-
ges were made.

In addition, the AA efficacy of the combined
TMZ–bisoprolol regimen was observed at as
early as W2, fitting with the current 2019
European Society of Cardiology (ESC) guidelines
for CCS that recommend symptom alleviation
within 2–4 weeks from treatment initiation.
During the study we noted a trend in reduced
long-acting nitrates, from 27% at baseline to
20% at M6, which might be due to the
improved angina status in those patients on the
combined TMZ–bisoprolol regimen. Addition-
ally, in our study, re-hospitalizations and
ambulance calls mostly linked to CCS/angina or
other co-morbidities, or to treatment side
effects, consistently decreased in all dose groups
until M6, compared to baseline, which under-
lines not only the efficacy but also the excellent
safety profile of TMZ, which has no effect on the
heart rate, blood pressure or glucose and lipid
profiles. In the study, mean blood pressure
reached 126 ± 9.3/77 ± 6.5 mmHg, which is
especially important because there is a J curve
relationship between blood pressure and angina
incidence. When the DBP is \ 70 mmHg, the
frequency and severity of angina increases;
when the SBP/DBP is\120/70, the frequency of
death and myocardial infarction increases
[37, 38].

In our study, only 1.67% of patients discon-
tinued TMZ [25]. The current 2019 ESC guide-
lines for CCS recommend that AA therapy be
tailored to the patient, the patient’s preferences,
comorbidities and potential drug interactions.
Patients with angina are often co-morbid [6]
and take many medications, so safety and tol-
erability of the AA therapy are as important as
efficacy.
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According to the 2019 ESC guidelines for
CCS, optimal medical therapy is defined as
effective symptom alleviation with the fewest
possible side effects and maximum treatment
adherence. Early treatment with a combination
of first- with second-line drugs is recommended
taking into account the multifactorial origin of
angina, the lack of evidence on the superiority
of the AA class of drugs and the need for fast
relief, along with acceptable tolerability, espe-
cially in certain patient populations. The results
of our analysis demonstrate that combining
bisoprolol with TMZ meets these criteria very
rapidly (as early as week 2 after treatment ini-
tiation) and that sustained AA efficacy is pro-
vided with an excellent tolerability profile.

Limitation of This Post-hoc Analysis

For the most part, this post-hoc analysis is
subject to the real-world limitations associated
with the open-label, observational, non-inter-
ventional design of the original CHOICE-2
study [25]. In addition, the separate analysis of
the subset of patients taking bisoprolol con-
comitantly with TMZ was not pre-planned and
no sample size calculation was conducted to
determine the optimal number of patients
needed to determine a statistically significant
result. The only data available were those from
the original CHOICE-2 study, for which only
the ongoing status of concomitant cardiovas-
cular treatments was reported at each visit.
Dates of bisoprolol intake were not recorded. As
a result, it is not possible to describe accurately
the extent of exposure to bisoprolol treatment
in patients.

CONCLUSIONS

This post-hoc analysis shows that the combi-
nation therapy with TMZ ? bisoprolol is a rapid
and effective treatment in the real-world clini-
cal setting for reducing the frequency of both
angina attacks and SAN use in patients with
stable angina. The TMZ–bisoprolol combination
improved patient exercise capacity and was well
tolerated in this post-hoc analysis population.
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