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Summary 

Hrrc~kgmw7cl: Mibefradil, a newly approved antihyperten- 
sive and antianginal drug, is the first member of a new class of 
calcium antagonists (CAs), the tetralol derivatives, that selec- 
tively blocks T-type Ca2+ channels in contrast to classical CAs 
which. at therapeutic concentrations. block only L-type Ca2+ 
channels. Since patients with chronic stable angina pectoris 
typically may be treated with the combination of a long-acting 
nitrate and a CA, the additive efficacy and safety ofmibefradil 
in combination with nitrate therapy needs to be determined. 

Hypotliosis: This study was designed to assess the efficacy, 
tolerability, and safety of mibefradil when added to long- 
acting nitrate therapy in  patients with chronic stable angina 

Mctllod~s: Following a 1 -week placebo i-un-in period, pa- 
tients were randomized to receive either mibefradil 50 mg ( n  = 
96) or placebo (n  = 93) once daily in addition to their nitrate 
therapy. After 2 weeks of active treatment, patients receiving 
the mibefradil were force titrated to I50 mg once daily for an 
additional 2 weeks. Exercise tolerance tests ( E n s )  were per- 

pectoris. 

formed at the end of Weeks 2 and 4; patients also maintained 
an anginal diary during the 4-week treatment period. 

Results: After 2 weeks of treatment with 50 mg mibefradil 
(within the current recommended dose range), a statistically 
significant but modest increase in  total exercise duration was 
observed (treatment effect 16.4 s, p = 0.04). Similarly, there 
WiiS a significant increase in time to onset of ischemia (treat- 
ment effect 26 s, p = 0.008). The adverse event profile ofthe 50 
mg dose was indistinguishable from placebo, indicating that 
this dose was extremely well tolerated. At Week 4, the 
mibefradil-treated patients were taking 150 mg, which is 
above the current recommended dose range. The increase in 
total exercise duration was larger for the mibefradil 1 SO mg 
group than for the placebo goup. For the intent-to-treat popu- 
lation, this difference did not reach statistical significance, 
whereas in the standard population it did (treatment effect 2 1 s, 
p = 0.05). The other two ETT variables, time to onset ofangi- 
na and time to onset of I mm ST-segment depression, demon- 
strated significantly greater effect with mibefradil IS0 mg 
(treatment effects 40 s, p = 0.002, and 55 s, p < 0.00 1, respec- 
tively, for the intent-to-treat population). Mibefradil I50 mg 
was associated with more adverse events than placebo, specif- 
ically, dizziness, leg edema, and postural hypotension. 

Conclusiotis: This study demonstrates that mibefradil 50 
mg once daily in the setting ofthe background long-acting ni- 
trate therapy produces additive antianginal and anti-ischemic 
effects and is extremely well tolerated. 

Addrcss lor reprints: 

Willi;im H. Frishman. M.D. 
N e w  York Medical College/Westchestei Medical Center 
Dep;irtinent of Medicine 
Munpcr Pnvillion 
Valhalla. N Y  10505. USA 

Reccivetl: February 5 .  19% 
Acceptctl with revision: April 22. 19% 

Key words: mibefradil, nitrate combination, angina pectoris 

Introduction 

Coronary heart disease is the leading cause of death in 
Western societies. Management usually includes revascular- 
ization and/or phmacologic therapy. Nitrates have long 
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formed the basis of treatment for symptomatic coronary vas- 
cular disease. By dilating the peripheral vasculature, nitrates 
reduce the preload on the heart, thereby reducing cardiac 
work. By their effects on coronary arteries, nitrates can in- 
crease coronary blood flow and may improve oxygen supply 
to the heart.’ 

Calcium antagonists (CAs) are also widely used in the 
treatment of symptomatic myocardial ischemia. All CAs are 
able to lower arterial pressure and dilate coronary arteries, and 
some are associated with a potentially beneficial negative 
chronotropic effect.? By decreasing heart rate, lowering arteri- 
al blood pressure, and dilating coronary arteries to increase 
oxygen supply to the myocardium, CAs can favorably affect 
oxygen supply and demand and should complement the ther- 
apeutic effects of nitrates.’ 

Mibefradil, a newly approved antihypertensive and antiang- 
innl drug, is the first niemberofa new class of CAs, the tetrdol 
derivatives, that selectively blocks T-type Ca2+ channels in 

ical CAs which, at therapeutic concentrations, 
block only L-type Ca2+ channels? Mibefradil has a high 
bioavailability (about 80%) and long plasma half-life (17-25 
h), both of which make it suitable for once-a-day dosing. 
Clinical studies have shown that mibefradil is effective and 
well tolerated in  the treatment of systemic hype r t en~ ion~~  and 
iinginas--l2 when administered once daily at doses of 50 and 
I00 mg. 

Since patients with chronic stable angina pectoris typically 
may be treated with the combination of a long-acting nitrate 
and a CA, the additive efficacy and safety of mibefradil in 
combination with nitrate therapy needs to be determined. This 
article reports the results of a trial assessing the efficacy, toler- 
ability, and safety of mibefradil when added to long-acting ni- 
trate therapy in patients with chronic stable angina pectoris. 

Methods 

Male and female patients, 18-70 years old, with a docu- 
mented history of chronic stable angina pectoris for at least 2 
months and receiving a stable dose of long-acting nitrate ther- 
apy for at least 2 weeks, were enrolled in a prospective, ran- 
domized, double-blind, placebo-controlled, parallel-design 
trial in  22 centers throughout the United States. Patients were 
excluded if they had had a myocardial infarction, coronary 
artery bypass graft, or coronary angioplasty within 3 months 
ofthe screening visit; congestive heart failure (CHF); second- 
or third-degree atrioventricular (AV) block; a clinically signif- 
icant arrhythmia; uncontrolled hypertension (blood pressure 
>180/1OS mmHg); or a history of alcohol or drug abuse. 
Concomitant use of antianginal medications other than nitro- 
glycerin (NTG) and long-acting nitrates was prohibited during 
the study. 

To qualify for study entry, patients had to demonstrate sig- 
nificant ST-segment change and moderate anginal pain during 
a symptom-limited exercise tolerance test ( E n )  (Bruce pro- 
tocol). Total duration of the ETT had to be between 3 and 8 
min, and tennination had to be because of moderate angina 

(ETT termination for reasons other than moderate angina dis- 
qualified patients for the study). Following a I-week placebo 
run-in period, patients underwent a second ETT and, provid- 
ed that the results of this ETT were within *1S% of those of 
the Visit 1 ETT, patients were randomized to receive either 
mibefradil50 mg or placebo once daily in addition to their ni- 
trate therapy. After 2 weeks of treatment with mibefradil 50 
mg, the patients receiving mibefradil were force titrated to I SO 
mg once daily for an additional 2 weeks. Exercise tolerance 
tests were performed at the end of Weeks 2 and 4. Patients also 
maintained an anginal diary during the 4-week treatment peri- 
od. 

Tolerability of trial medication was assessed by recording 
adverse events at each visit. Laboratory parameters, including 
blood chemistry, hematology, and urinalysis, were analyzed 
on Days 0 (baseline) and 28, and 12-lead electrocardiograms 
(ECGs) were performed on Days O,I4, and 28. 

Data Analysis 

Three patient populations were analyzed. The main anuly- 
sis ofthe efficacy pwanieters was performed on the intent-to- 
treat (ITT) population, which included all randomized patients 
who had received at least one dose of study medication and 
had had at least one baseline ETT and one postrandomization 
ETT. The standard population comprised all patients who 
completed the protocol and had a valid ETT at baseline and at 
Week 4. Patients who withdrew prior to the end of the study 
because of treatment failure or worsening angina but had at 
least 4 days of high-dose treatment were not excluded from the 
standard population. The safety population was the group who 
received at least one dose of study medication and for whom a 
safety evaluation was available. 

The primary efficacy parameter was the change baseline in  
symptom-limited ETT duration. Secondary efficacy parame- 
ters included change in time to onset of angina, time to per- 
sistent I mm ST-segment duration, change i n  number o f  
anginal episodes per week, and change in weekly consump- 
tion of NTG. The therapeutic success rates at Weeks 2 and 4, 
defined as an increase in ETT duration of 260  s or an in- 
crease in ETT duration without the development of anginii, 
were also calculated. 

The evaluation ofthe changes from baseline in  ETT param- 
eters at trough (24 h 5 postdose) was performed with an analy- 
sis of covariance (ANCOVA), using a model containing treat- 
ment, center, and treatment-by-center as fixed factors and the 
related baseline ETT parameter as a covariant. To compare the 
active treatment with placebo, estimated treatment effects 
were defined as the paired difference between both groups in 
the center-adjusted mean change from baseline (calculated 
from the ANCOVA model). For the evaluation of the changes 
from baseline in anginal diary variables (weekly anginal at- 
tacks and NTG consumption), analysis of variance (ANOVA) 
was performed. 

All tests were two sided and performed at an alpha level of 
0.05. Data are expressed as the mean -C standard deviation un- 
less otherwise stated. 
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Results TABLE I Patient charocterktics and study population., 

Patient Characteristics 
Placebo Mibefradi I 
( n  = 90) (n=Y3) 

The demographic characteristics and cardiovascular sec- 
ondary diagnoses of all randomized patients are presented in 
Thle I .  In all, 189 patient tisfied the entry criteria and were 
ranclomi/ed: 96 to the placebo group and 93 to the tnibefradil 
group. Four patients were excluded ti.orn the ITT population 
brciiuse n o  efticacy data were collected after randomization. 
Thiiqy-five patients were excluded irom the standard popula- 
tion, mainly for the absence ol'ati ETT after the start of ram 
d o i n i d  treatment. Thirteen patients withdrew prematurely: 
I2 patients because of adverse events or ECC changes ( 3  in the 
placebo group. 2 during treatment with mibefradil SO mg, and 
7 during treatment with niibefradil I 50 mg) and 1 for adminis- 
trative re;isons (during mibefradil SO nig treatment). The two 
gt.oups were well matched with regard to age. gender. race, 
and weight. 

Exercise Performance at Week 2 (50 mg Dose) 

After 2 weeks of treatment with niibefradil SO mg, there 
tatistically significant but clinically modest improveinent 

in total ETT duration versus placebo (treatment effect 16.4 s, 
p = 0.04) and in time to 1 mm ST-segment depression versus 
plucrbo (treatment effect p = 26.2 s. p = 0.008) i n  the ITT pop- 
ulation. Although there was a somewhat greater improvement 
in  time to onset of angina in the mibefradil versus the placebo 
grottp. it did not reach the level ol'statistical significance (treat- 
nicnI eft'ect 19.6 s. p = 0.063) (Table I 1  ). 

After 2 weeks of mibefradiI.50 tng treatment. an increase in 
exercise duration of at least 60 s was recorded in 18.9% ofpa- 
tients in  the placebo (nitrate monotherapy ) group and 25.6%. 
of mibehdil-treated patients i n  the ITT population. This dif- 
ferences between the treatment groups were not statistically 

Sex (M:F) 
Age (years) (mean & SD) 
Weight (kg) (mean? SD) 
Race (WB:O) 
Previous MI (8)  
Previous CABG i%) 
Populations 
Safety ( I  

ITT ' I  

Standard 

XI:15 
63.6 It X.6 
84. I c 17.4 

x4:7:5 
39.6 
36.5 

96 
95 
X4 

76: I 7  
62.9 2 x.4 
X3.4f 12.6 

x0:9:4 
47.3 
28.0 

93 
90 
70 

~ _ _ _ _  ~~ 

"Safety population = received at least one close of study medication, 
and a safety evaluation is available. 
"1TT population = all ranciornired patients with ;it least nne synip- 
tom-limited ETT. Four patients were excluded because n o  cficacy 
data were collected after randomization. 
Stanclard population = all patients who had valid baseline and 4- 

week E n s .  Patients who withdrew prior to end of study due to treat- 
ment hilure or worsening angina but had at least 4 days of high-dose 
treatment were not excluded. 
Ah/~rn,it /ric,ri .~: M = mnle. F = female, W = white, B = black, 0 = oth- 
er. MI = inyocardial infarction, CABG = coronary artery hypass 
grift. ITT = intent to treat. ETT= exercise tolerance test. 

significant. However, the other measure of success rate, an in- 
crease in ETT duration without the development of angina. 
was achieved significantly more often in the mibefrridil-treat- 
ed group than in those given placebo (p  = 0.05). 

Exercise Performance at Week 4 (150 mg Dose) 

Following an additional 2 week\ of treatment with mibe- 
fradil 150 mg. the increase in E I T  duration compared with 

TAIU I: II Change from ba.,eline i n  E n  pimneters after 2 weeks of treatment ( S O  ing dose) i n  the 1TT population 

PI acebo Mibefradil SO mg Treatinelit ecect 
(n=95)  in  = 90) (5) 

Exercise duration 
Baseline (BL)(s) 3 4 . 8  f 76.4 353.2 f 79.1 
Change from BL 15.6?4X.3 30.3 f 60.9 16.4 
Change ('% ) 4.5 8.6 p=o.o35 

B;iseline (BL)  (s)  '6O.X f 85.6 258.X f 94. I 
Change from BL 23.4 f 6 I .9 42.4 f 84.5 19.6 
CI1;lnpc ( %  ) 9.0 16.4 p = 0.063 

Chaiigc from BL 14.4 ? 62.7 3X.7 f 76.2 26.6 
Cl1;age ((k) 5.2 13.2 p = O.OoX 

Time to onset of angina 

Tiinc to onset of ischemia I' 

Bascline(BL)(s) 279.2 f 83.2 292.3 f 84.8 

'' Isclicinia is defined as 2 I inin ST-segment depression. 
A / ~ / ~ / ~ , i , ; ~ ~ f ; ~ ~ ~ t , ~ ~  ETT = exercise tolerance text. ITT = intcnt to treat. BL = haselinc. 
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'I'AI<I .r: I l l  Change from baseline in ETT parameters after 4 weeks oftreatment ( 150 mg dose) in I T  and standard populations 
--- 

ITT population Standard population 

Placebo Mibefradil 1 50 mg Treatment Placebo Mibefradil I50 mg Treatment 
(I1 =95) (n =90) effect (n =84) (n =70) effect 

I<xcrcise duration 
H. ,iheline(Bld)(s) . ' 

('11;ulge li.orn BL (s) 
('hange (%) 

'l'ime to onset iiiigina 
Riiaeline (HI,) (s) 
Chingc froin HL ( 5 )  

C'hange ('2 ) 
'I'ime to onset ischemia" 

H;isclinc (HL)(s) 
C'h;inge from BL (s) 
Cllallfe ( 5 ' )  

344.8 f 76.4 
37.8 f 59.8 

I I  

260.8 2 85.6 
39.2 2 72.7 

IS 

279.2 t 83.2 
28.3 f 68.9 

10. I 

353.2 f 79. I 
5 1.7 f 77.9 15.4 

14.6 p =O. I29 

258.8 2 94. I 
78.0f 97.5 39.7 

30. I p = 0.002 

292.3 f 84.8 
80.7 2 93.9 55.3 

27.6 p<o.001 

343.9 f 74.5 
35.9 f 54.3 

10.4 

259.9 2 85.1 
40.5 2 69.0 

15.5 

279.6 t 85.8 
3 I .9 ? 69.4 

11.4 

354.2 .+ 77.2 
54.2. 2 7.5 20.6 

15.3 p = 0.05 

258.8 f94 .  I 
76. I f 98 35. I 

29.5 p = 0.0()9 

299.4 2 77.3 
81.6290.9 51.2 

27.3 p < 0.00 I 

Ihclirinia is defined iis 2 1 inin ST-segment depression. 
Ahhreviutions as i n  Tahle 11. 

placebo was statistically significant (treatment effect 20.6 s, p 
= 0.05) for the standard population, but did not reach statisti- 

s, p =  0. I 3). The increases in time to onset of angina were sta- 
tistically significant for both the ITT population (treatment ef- 
fect: 30.7 s, p = 0.002) and the standard population (treatment 
ctkct: 35. I s, p = 0.009). Similarly, the increase in time to on- 
set of ischemia wits statistically significant for the ITT popu- 
lation (treatment effect: 55.3 s, p<0.001 ) and for the standard 
population (treatment effect 5 I .2 s, p = 0.001) (Table 111). 

At Week 4. 28.4% of the placebo-treated patients and 
4 I . I % of the mibefradil-treated patients were able to increase 
~otal ETT duration by at least 60 s. As was the case at Week 2, 
thc difference between the treatment groups was not statisti- 
cally significant. However, the percentage of patients who 
wzIc able to increase their ETT duration without the develop- 
incnt of angina was significantly greater in those treated with 
rnihcfradil than in those receivingplacebo (p<O.Ool). 

c' 'I I significance : for the ITT population (treatment effect 15.4 

use of NTG (-33 vs. -62%. p = 0.04) in the ITT population. 
Similar findings were observed at Week 4 after an additional 2 
weeks of therapy with mibefradil 150 mg. Compared with 
placebo, there were significantly greater reductions in both di- 
ary parameters: weekly anginal attacks ( - 36 vs. - 54%, p = 
0.03) and NTG consumption (- 33 vs. -520/, p = 0.02). 

Tolerability and Safety 

The combination of mibefradil50 mg and long-acting ni- 
trates was well tolerated, with similar incidences of patients 
with at least one potentially treatment-related adverse event 

TABLE 1V Changes from baseline in heinodynainic parameters 
during EIT in the ITT population after 4 weeks of treatment ( I50 iiig 
dose) 

Henicdynamic Effects 
Placebo Mibefradil Treatment 
(n=95) (n=90) effect 

Thle  IV summarizes the changes in blood pressure (BP), 
he;u~ rate (HR),  arid rate-pressure product (HR X systolic BP) 
at rest and at ETT termination in the ITT population. After 4 
weeks o l  Irealnient with tnibefradil 50/150 mg, there were 
highly signilicanl (p <0.001) decreases compared with place- 
bo tor all hemodynaniic parameters with the exception ofsys- 
lolic RP :it exercise termination. 

Anginal Symptoms and Nitroglycerin Consumption 

At rest 
DBP (mmHg) 
SBP (mmHg) 
HR (beatshin) 
Rate-pressure product 

DBP (mmHg) 
SBP(mmHg) 
HR (beatdinin) 
Rate-pressure product 

At termination of E'IT 

- 1.3f 8.2 
-1.7k15.2 
- 1.9 29.7 
-3352 1507 

-0.9f9.0 
-1.75 18.5 

0.9 2 10.4 
38.2 3363 

- 8.0 f 9.5 
-9.3f 16.1 
-9.6f9.9 

-1816f 144 

- 8.2 f 10.6 
- 1.0+ 19.9 
- I4.2f 12.1 
-249923413 

-6.3'' 
-721 
- 8.2" 

-1519' 

- 6.9  
0.6 

- 15.4" 
- 2605" 

C'onipiiretl with placebo, treatment with mibefradil 50 mg 
wiis wcxinted with a significantly larger reduction in the num- 
ber of weekly anginal attacks (-28 vs. -46%, p = 0.05) and 

p <0.001. 
Abbrevicitions: EIT = exercise tolerance test, 17T = intent-to-treat, 
DBP= diastolic blood pressure, SBP= systolic blood pressure, HR = 
heart rate. 
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( AE) observed in the placebo group ( 1 1.8%) and the combina- 
tion therapy group (9.4%). Comparing mibefradil IS0 mg 
with placebo, more AEs were reported by patients receiving 
mibefradil than by those on placebo (37.6 vs. 2 1.996, respec- 
tively). The most frequent AEs with mibefradil IS0 mg com- 
pared with placebo are summarized in Table V. Twelve pa- 
tients withdrew prematurely from the study as a consequence 
of AEs and treatment-emergent ECG changes: 3 (3%) in the 
placebo-treated group (including two cases of myocardial in- 
farction); 2 (2%) at the mibefradil50 nig dose; and 7 (8%) at 
the rnibefradil I50 mg dose (including one death as a conse- 
quence of limb embolism). 

The main treatment-emergent ECG changes were dose-re- 
lated asymptomatic sinus bradycardia and first-degree AV 
block (Table VI). During the 2 weeks oftreatment with mibe- 
fradil50 mg, the incidence of these ECG changes was similar 
i n  the mibefradil- and placebo- treated groups [sinus brady- 
cardia: mibefradil(50 mg) 3.2% vs. placebo 2.1 %; fist-degree 
AV block: mibefradil(50 mg) 2.2% vs. placebo 5.2%1. How- 
ever, over the course of the whole study including 2 weeks of 
treatment with mibefradil 150 mg, the proportion of patients 
experiencing such changes was higher [sinus bradycardia: 
mibefradil (150 mg) 12.9% vs. placebo 2.1%; first-degree 
AV block mibefradil (IS0 mg) 10.7% vs. placebo6.3%]. 

There were no clinically relevant findings with any of the 
clinical laboratory tests in either treatment group. 

Discussion 

This trial was initiated before the final recommended 
mibefradil dosages (50 and 100 mg) were determined. As a re- 
sult, a supratherapeutic dosage (1 50 rng) was incorporated in 
the design of this trial. Adding mibefradil50 mg to long-act- 
ing nitrate therapy produced significant but minimal improve- 
ments in both objective and subjective ETT parameters, in- 
cluding ETT duration and time to onset of ischemia. At Week 
4, therapy with mibefradil 150 mg also resulted in significant 
improvements in both objective and subjective ETT parame- 
ters (i.e., time to onset of angina and time to onset of ischemia). 
The improvement in the clinical status ofthe mibefradil-treat- 
ed patients compared with those receiving placebo was also 
reflected in the significantly larger proportion of mibefradil- 
treated patients, at both the 50 and I50 mg doses, who could 
increase total exercise duration without developing angina. 
Treatment with both the 50 and 150 mg doses of mibefradil 
was associated with significantly larger reductions in weekly 
anginal attacks and NTG use compared with placebo. 

Including the present study, the efficacy of mibefradil in 
the treatment of chronic stable angina pectoris was assessed 
in five placebo-controlled trials involving a total of 865 
patients randomized to one of four mibefradil dosages (25, 
50, 100, or 150 mg once daily, n = 565) or to placebo (n = 
300).x-'2 In two trials, mibefradil was administered as mono- 

TABLE V Most tiequent adverse events (excluding those unrelated to treatment) 

Week 2 Week 4 

Placebo Mibefradil5O mg Placebo Mibefradil 1 SO mg 
(n=96) (n=93) (n =96) (n = 93) 

Fatigue (%) 
Angina pectoris (%) 
Dizziness (%) 
Nawea (%) 
Pomral hypotension (%) 
Headache (8) 
Leg edema (%) 
Total patients with at least one adverse event 

2(2.l) 
2(2.1) 

- 
- 
- 

9 (9.4) 

3 (3.2) 

2 (2.2) 
2 (2.2) 

- 
3(3.1) 
2(2.1) 
0 (0) 

3(3.1) 

3 (3. I ) 
I ( I . O )  

21 (21.9) 

- 

5 (5.4) 

10 (10.8) 
3 (3.2) 
I ( 1 . 1 )  
5 (5.4) 
s (5.4) 

3.5 (37.6) 

- 

~ 

 TAB^ r V1 Most frequent treatment emergent ECG changes 

Week 2 Week 4 

Placebo Mibefradil 50 mg Placebo Mibefradil I50 mg 
(n =96) (n=93) (n =96) (I1 = 93) 

ST-T changes (76) 9 (9.4) 2 (2.2) I0  ( 10. I )  3 (5.4) 

Sinus bradycardia (5%) 2(2.1) 3 (3.2) 2(2.1) I2 (12.9) 
Total patients with at least one ECG change (c/o) 22 (22.9) 10( 10.7) 25 (26) 33 (35.5) 

First-degree AV block (%) 5 (5.2) 2 (2.2) 6 (6.3) 10 ( 10.7) 

"Heart rate< 55 beatdmin with a change from baseline of > 10 beats/min or heart rate < 4.5 beatdmin with any decrease from baseline. 
Abhrc.~liciriorzs: ECG =electrocardiogram, AV = atrioventricular. 
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therapy and in three trials it was given to patients who contin- 
ued their background therapy with either beta blockers or, as 
in  the case of the present study. long-acting nitrates. In all five 
studies, niibetkadil SO mg once daily improved ETT duration 
compared with placebo. The placebo-corrected treatment ef- 
fect reached statistical significance in those studies (includ- 
ing the present one) when mibefradil50 mg was given in ad- 
dition to background antianginal therapy. Time to onset of 
ischemia was significantly delayed in all five studies (includ- 
ing the present one) with mibefradil SO mg. The significant 
reduction in  anginal symptoms and NTG consumption ob- 
served with mibefradil SO mg in the present study contributed 
to the significant dose-related decrease both in the number of 
anginal attacks and in the intake of NTG (p<O.OI for both 
variahles) observed i n  a pooled analysis of all five placebo- 
controlled studies. I 3  

A possible explanation for the lack of significant improve- 
ment in E I T  duration with mibefradil 150 mg in the ITT pop- 
ulation is that some patients could not tolerate that dose, which 
led thern to terminate the ETT for other symptoms prior to 
rcaching moderate angina. Support for this hypothesis is the 
markedly higher proportion of patients on the IS0 mg dose of 
mibefradil stopping ETT for symptoms other than angina 
compared with those on the SO mg dose (34.4 vs. 13.3%, re- 
spectively). By contmst. in  the analysis of the standard popula- 
tion. which accounts for the impact of protocol violations and 
premature withdrawals on study results, a statistically signifi- 
cant difference hetween IS0 ing niibefradil treatment and 
placebo was observed. 

I n  the present study, there was little difference in the inci- 
dence of AEs or treatment-emergent ECG changes between 
patients treated with mibefradil SO mg and those receiving 
placebo (nitrate therapy). During the additional 2 weeks of 
treatment with mibefradil I SO mg, there was a noticeable in- 
crease in  the incidence ot  AEs relative to the placebo group. 
Three AEs were clearly more frequent in the inibefradil IS0 
mg group: diz.hess, leg edema, and postural hypotension. 
Thc overall incidence of ECG changes was also greater with 
mibefradil IS0 mg, mainly because of more frequent in- 
stances of sinus bradycardia and first-degree AV block. 

Consistent with the findings of the present study were the 
observations of the placebo-controlled, dose-finding studies 
with mibefradil monotherapy." '(L l 2  These demonstrated that 
the incremental gain in efficacy obtained with the I 50 mg dose 
compared with the 100 mg dose is small and that the increase 
in the incidence of AEs and ECG changes is relatively high 
indicating that mibefradil 100 mg should be regarded as the 
highest dose with the best balance of efficacy and tolerability. 

Although mibefradil I00 mg once daily added to long-act- 
ing nitrates was not evaluated in the present study, the I(X)-mg 
dose, as monotherapy and in combination with beta blockers, 
has been shown to be effective and well tolerated in the treeut- 
ment of chronic stable angina pectoris. In fact, in  all of the 
placebo-controlled studies where rnibefradil I00 mg was 
evaluated, a significant placebo-corrected treatment effect Ihr 
all three ETT variables was observed that was larger than that 
noted for the 50 mg dose. One can speculate that mibefradil 
100 mg in addition to long-acting nitrate therapy would. like- 
wise, result in improvements in antianginal and anti-ischemic 
efficacy. 

Perspective on the safety of the highest recommencled 
dosage of mibefradil, 100 mg once daily. is provided by data 
from Tzivoni et al. I 2  They evaluated mibefradil SO and 100 mg 
as monotherapy in a placebo-controlled study in patients with 
chronic stable angina. The overall incidence of AEs was sim- 
lar for the placebo and mibefradil SO mg groups (Table VII), 
while the frequency of AEs was higher in patients treated with 
mibefradil 100 mg. Treatment emergent ECG changes for 
placebo and the mibefradil SO and 1 (XI mg groups are sunimii- 
rized in Table VIII. 

Another important aspect concerning the safety of mibe- 
fradil relates to the phannacokinetics ofthe drug. Mibefrridil is 
eliminated by dual metabolic pathways: cytochromt: P450 
(CYP)3A4 mediated oxidation and by esterase hydrolysis. At 
steady state, mibefradil is not only a substrate for but d ' I: 5 0  ill1 

inhibitor of CYP3A4. Furthermore, there is evidence that 
mibefradil and its major metabolite (RO 40-5967) also inhibit 
CYP2D6. Thus, in routine clinical practice, the metabolism of 
mibefradil is shunted almost entirely to the high capacity es- 
terase system. This mechanism is responsible for several phar- 

Tmt I- VI1 Adverse cvents occurring i n  b 25 of patients excluding unrelated events'? 

Placebo Mibefradil50 mg Mibefradil I (X) nig 
(n=62) (n=61) (n=60) 

Dy\l)epwi (% ) 
Hcdache (54 ) 
Leg cden1a W) 
Dlrrlne\\ (% ) 

Ahdomin:il pain ( fd)  
Other(%) 
Totd patient\ with bl adverse event (%) 

I(1.6) 
4 (6.5) 
2 (3.2) 
I( I .6) 

8 (12.9) 
12(19.4) 

2 (3.3)" 
2 0 . 3 )  
I(1.6) 
2 (3.3) 
2 (3.3) 

7 ( I  1.5) 
12 (14.7) 

4 (6.7Y' 
2 (3.3) 

I (1 .7)  
3 (5 .0)  

X(13.3) 
I7 (28.3) 

Adverse events with overall incidence < 2% are poctled under "other." 
"Iklicved to be secondaty to noncoinmercial large gelatin capsules used in this study. 
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T A H I . ~  Vlll Relevant treatmentemergent ECG changes” 

Placebo 
(n = 62) 

Mibefradil SO mg Mibefradil 100 nig 
(n=61) (n=60) 

Finr degree AV block (76) 
Sinus bradycardia (%) 
ST-T changes (%) 
Total patients with 21 ECG change (%) 

Sinus bradycardia: heart rate < 55 beatdmin with a drop from baseline > 10 beatshin, or heart rate < 45 beatshin with any decrease from baseline 
(as i n  Table VI). 
A/~hrc,,~i~irion.~: ECC = electrocardiogram, AV = atrioventricular. 

macologic features of mibefradil, including high bioavaila- 
bility, low clearance, prolonged half-life, and the absence of 
effect on mibefradil pharmacokinetics of physiologic factors 
( i t . .  disease state, hepatic blood flow, and age) or coadminis- 
tration of other drugs. However, the inhibition by mibefradil of 
CYP3A4 and CYP2D6 does reduce the metabolism of drugs 
biotransformed by these CYP isoenzymes. When considering 
the coadministration of‘ mibefradil with other drugs metabo- 
lized by CYP3A4 and 2D6, the clinician should proceed cau- 
tiously, appropriately adjusting the doses of some drugs and 
avoiding others. 

In the more than 200.000 patients exposed to mibefradil SO 
mg and I00 mg (postmarketing surveillance), some cases of 
slow junctional rhythm have been reported mainly in elderly 
patients on concomitant beta blockers. Because there is an 
age-rclated increase in susceptibility to sinus node depres- 
sion.14, I s  caution should be exercised when prescribing 
mibefradil to elderly patients with a sinus rate below SS beats/ 
min. The combination ofmibefiadil and a beta blocker should 
be avoided when the pretreatment sinus rate is below 5.5 
beathiin, as such a combination can unmask underlying sick 
sinus syndrome. 

Unlike established CAs (e.g. verapaniil, diltiazem, the di- 
hydropyridines) that block L-type calcium channels, mibe- 
fradil blocks both L- and T-type calciumchannels with a high- 
er selectivity for T-type calcium channels. 16. l 7  As mibefiadil is 
the first available compound with this mechanism of action, 
the complex relationships between the blockade of T-type cal- 
cium channels and the resultant clinical effects have not yet 
been fully elucidated. However, it is known that within cardio- 
vascular tissues, T-type channels are mainly found on arterial 
vascular walls, along the myocardial conduction system (pri- 
marily in the sinus node), and at neurohormonal release sites. I *  
It is hypothesized that many of the features ofmibefradil might 
be related to the compound’s effect o n  T-type channels at these 
locations. Mibefradil’s characteristics include a slight heart 
rate-lowering effect? no clinically relevant negative in- 
otropisiii19 (presumably because normal ventricular mycxar- 
dial cells contain mainly L-type calcium channels). coronary 
and peripheral vasodilation,?” and the absence of reflex in- 
creases in neurohormones and sympathetic activity.” Lack of 
a negative inotropic effect coupled with the heart rate-lowering 
effect distinguishes mibefradil from L-type CAs. 

Conclusion 

Mibefradil 150 mg once daily added to long-acting nitrates 
for patients with chronic stable angina resulted in an increase 
in the frequency of adverse events and treatment-emergent 
ECG changes, which was consistent with the findings of other 
studies and supports the recommendation that mibefradil 100 
mg once daily is the highest dosage offering a balance ofeffi- 
cacy and tolerability. Addmg mibefradil SO mg to long-acting 
nitrate therapy modestly improved patients’ exercise perfor- 
mance and clinical status. The additive effects ofthe two drugs 
were not achieved at the expense of safety o r  tolerability, as 
the combination ofmibefradil SO mg and long-acting nitrates 
was as well-tolerated as long-acting nitrate monotherapy. 
Thus, this study demonstrates that mibefradil SO mg once dai- 
ly produces additive antianginal and anti-ischemic effects 
when added to background long-acting nitrate therapy and 
is extremely well tolerated. 
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	Mibefradil and nitrates
	Hypotliosis: This study was designed to assess the efficacy, tolerability, and safety of mibefradil when added to long- acting nitrate therapy in patients with chronic stable angina pectoris.
	formed at the end of Weeks 2 and 4; patients also maintained an anginal diary during the 4-week treatment period.



