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Atsushi Hiroyama, mp, Kazuhisa Kodama, Mp, Yoshiki Yui, mp, Hiroshi Nonogi, mp,
Tetsuya Sumiyoshi, mp, Hideki Origasa, phD, Saichi Hosoda, mp, and
Chuichi Kawai, Mp, for the JMIC-M Investigators*

A lorge-scale study was conducted to assess the effect of
long-term administration of trapidil on the prognosis of
patients with angiographic evidence of coronary arfery
disease [CAD). A large-scale, multicenter study, the Ja-
pan Molficenter Investigation for Cardiovascular Diseas-
es-Mochido was an open-labef, randomized trial of
1,743 patients with CAD who were =70 years old and
had angiographic evidence of >25% stenosis in any
coronary artery. We randomly assigned the patients to
receive medical freatment either with trapidil 100 mg 3
times daily {trapidil group, n = 873) or without trapidil
{control group, n = 870). The mean follow-up period

was 924 days. The incidence of cardiovascular events,
including cardiac death, nonfatal myocardial infarction,
angina pedloris/heart failure requiring hospitalization,
and cesrebrovascular events was 11.1% in the trapidil
group and 14.9% in the controf group {relotive risk 0.75,
95% confidence inferval 0.58 to 0.98, p = 0.036). Thus,
long-term infervention with trapidil in CAD reduces the
incidence of cardiovascular events and improves the
prognosis of pafients wﬂh CAD. ©2003 by Excerpta
Medica, Inc. :

{Am J Cardiol 2003;92:789-793)

he Japan Muiticenter Investigation for Cardiovas-
cular Diseases (JMIC) is a large-scale, multicenter,

randomized trial aimed at establishing treatment meth- -

ods for circulatory diseases. JMIC-Mochida (IMIC-
M), 1 of these projects, was conducted to determine
whether trapidil could improve the prognosis of pa-
tients with coronary artery disease (CAD) in compar-
ison with those who received routine treatment.

METHODS

Study design and patients: IMIC-M was a multi-
center, randomized, open-label clinical trial designed
to test whether 3-year treatment with trapidil reduces
the frequency of major fatal and nonfatal cardiovas-
cular events in patients who had angiographic evi-
dence of CAD. Men and women aged =70 years old

from the Cardiovasculor Division, Osoka Police Hospital, Osako;
Cardiovascular Medicine, Kyoto University, Graduate School of Med-
icine, Kyoto; Internal Medicine, Nationa! Cordiovascular Center,
Osako; Department of Cardiclogy, The Sakakibara Heart Institute,
Tokyo, Division of Biostatistics, Faculty of Medicine, Toyama Medical
and Pharmoceutical University, Toyama; and Tokeda General Hospi-
tal, Kyoto, Jopan. This study was supported by grants from The Pre-
venlive Areriosclerosis Research Association, Mochida Phormaceuti-
cal Co., bid., Tokyo, Jopon. Manuscript seceived February 17, 2003;
revised manuscript received and accepted June 10, 2003.

Address for reprints: Alsushi Hirayama, MD, Osaka Police Hospi-
tal, 10-31, Kiloyomacho, Tenncjiku, Osaka 5430035, jopan. E
mail: chirayoma@oph.gr.jp.

*A list of investigators appeass in the Appendix.

©2003 by Excerpta Medica, Inc. All rights reserved.
The American Journal of Cardiclagy Yol. 92 October |, 2003

who were eligible for inclusion were considered for
study enroliment.

Inclusion criteria were defined as: (1) angiographic
evidence of =1 focal coronary lesions with =25%
stenosis, according to American Heart Association
criteria'; (2) =1 coronary artery without any coronary
intervention; and (3) no plan to undergo coronary
angioplasty or coronary bypass graft surgery. Patients
with acute myocardial infarction within 3 weeks from
onset, and patients with unstable angina pectoris, he-
mostatic disorders or systemic bleeding, or severe
hepatic or renal insufficiency were excluded. The
study protocol was approved by the local ethics com-
mittee or institutional review board at each site, and
written informed consent to participate in the study
was obtained from each patient before randomization.

Between December 1992 and December 1996, a
total of 1,937 patients with CAD were enrolled from
345 institutions in Japan. A parallel design was used
as the assignment method. After verifying eligibility,
we randomly assigned patients to study groups by
using the substitution block method, with each insti-
tution considered to be a block. Each block consisted
of 8 subjects, including 4 in each group: the trapidil
group (trapidil 300 mg/day) and the control group
(without trapidil). A total of 1,748 patients were ran-
domly assigned to the study (trapidi! group, n = 875;
control group, n = 873).

Study medication began within 1 month after cor-

0002.9149/03/$-see front matter 789
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TABLE 1 Baseline Characteristics ;Z?nn ;Hifnn yA:f::;z;:;on;g%‘;?l?s Sty]_lsf;
N Trapidil Controls coronary artery was considered sig-
Characteristic (n = 873) [» = 870) pValve | pificant for assessing the number of
Age {yrs) [mean = 5D} 59477 591279 0.4} diseased vessels. Left ventriculo-
Men ‘ 696 (80%) 687 {79%) 071 grams were obtained at the same
i’i"f myocardiol infarction ‘;gg fﬁ%} i?g :ﬁ?;fg 053 time in most cases. Left ventricular
nglnq peciorls .
Silent myocardiat ischemia 31 [3%) 35 (4%) volumes were measured according to
No. of coronary arteries narmowed by 0.10 '-?le area—length method,? and gjec-
=50% in diameter tion fractions were calculated.
0 36 (4%) 35 (5% End points: The primary end point
; ggg gg;g §22 g;;’; was a comp_osite of cardiovascular
3 246 |28%) 200 (23%) evenis, mcludmg cardi.ac death, _nopfa—
Left main 4 (1% 3% tal myocardial infarction, hospitaliza-
Sysfolri{c therfet:sion ggj Ei‘i’:} ;lg gg:} gg; tion for heart failure, hospitalization
Hyperlipidemia . . X
Diabetes mellitus 242 (28%)  222(26% 031 d“g to ’ﬁcm‘encu‘} °Z.‘mg§“" p‘.”“l)“;’
Obesity! 258 [30%) 245 (28%) 0.56 and cerebrovascuiar disorders, nclud-
Smokers 507 (58%) 525 (60%) 026 ing stroke or transient ischemic attack.
History of revascularization 325 [37%) 310 (36%) 0.49 Sudden death, death due to myocardial
Ejection fraction {%) [mean x 50} 64 x i3 64+ 14 0.91 infarction, death due to heart failure,
Blood pressure {mm Hg) (mean = 5D) and death attributable to other coro-
Systolic 132+ 18 131 =18 0.62 . .
Diastolic 76 + 11 77 = 11 022 | nary causes were classified as cardiac
Lipid values (mg/dl} [mean x SD) death. Recurrence of angina was de-
Total cholesterol 202 = 36 201 = 36 0.51 fined as typical chest pain with objec-
High-density lipoprotein cholesterol 44+ 12 44 + 13 0.73 tive evidence of myocardial ischemia
Triglycerides 150 = 87 151 = 86 0.88 . . S .
or angiographically significant stenosis
*Hypedipidemio was defined as tofal cholesterol level of =220 mg/dl or riglyceride level of 2150 | requiring coronary revascularization
mg/dl. (coropary angioplasty or bypass sur-
A , -
Obesity wos defined as a Broca index 220. gery) All events were evaluated

TABLE 2 Concomitant Medication
Trapidil Control

Drug Closs (h=2873] {(n=870] pVale
Nitrates 690 79%) 690 (79%) 0.89
Bhblocking ogent 177 20%)  165[19%)  0.49
Calcium antagonists 659 (75%} 679 {78%) 0.21
Angiotensin-converfing 105 (12%) 127 (15%) 0.1

enzyma inhibitors
Antihyperlipidemic agents 264 (30%) 275 (32%) 0.54
Antiplatelet agents 415 (48%) 483 (56%)  0.001
Others 323 (7% 324[37%) 092

onary angiography. In the trapidil group, 300 mg/day
of trapidil was added to the patients’ current medica-
tions. In the contro] group, no trapidil was added to the
current medications. The study duration was 3 years,
but patients were withdrawn in cases in which the
attending physician judged it impossible to continue.
Concomitant drugs, such as nitrates, calcium antago-
nists, B blockers, angiotensin-converting enzyme in-
hibiters, and so on, were allowed at the discretion of
attending physicians. Although the concomitant use of
antiplatelet drugs was prohibited in principle, these
drugs were allowed at the discretion of attending
physicians in patients with a history of coronary an-
gioplasty or coronary bypass surgery.

Coronary angiograms and left ventriculograms: Cor-
onary angiograms were reviewed in each institute to
definc subject eligibility. The extent of stenosis in the
coronary artery was assessed according to the Amer-
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blindly by the end point assessment
committee.

Statistical analysis: This study was planned to detect
a 30% decrease in cardiovascular risk in 3 years, using
an 80% power of detection and a statistically signifi-
cant difference of p <C0.05 by a 2-sided test.

All statistical analyses were assessed using SAS
version 6,12 (SAS Institute, Cary, North Carolina).
Differences between the groups were assessed using
Student’s ¢ test for continuous variables and the chi-
square test for absolute categorical variables. For the
tirne-course analysis of an ¢vent, the duration up o the
first event was investigated using a Kaplan-Meier
curve and any statistically significant difference be-
tween the curves was determined by using a stratified
log-rank test. The relative risk and 95% confidence
interval regarding treatment versus trapidil were eval-
uated by using Cox’s proportional hazard model. All
the analyses were conducted on an intention-to-treat
basis.

RESULTS

A total of 1,748 patients from 345 institutes were
randomized between December 1992 and December
1996. Follow-up was completed by December 2000.
During the study period, 5 patients {0.43%) withdrew
after randomization (2 patients in the trapidil group
and 3 patients in the control group). These 5 patients
were not included in the analysis. As a result, 873 and
870 patients were assigned to the trapidil and control
groups, respectively, and underwent the analysis.

Baseline characteristics were similar between the 2
groups, as listed in Table 1. There were no differences
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FIGURE 1. Koplan-Meier curves of the incidence of cardiovascu-
lar events in the 2 groups. The number of patients at risk is
shown on the x axis. Cardiovascular events include cardiac
death (including sudden death], nonfatal myocardial infarction,

angina pectoris/heart failure requiring hospitalization, revascu-
larization {percutaneous transluminal coronary angioplasty/core-
nary artery bypass graft surgery), and ¢ accident.
The p value was derived with the stratified log-rank fest.

between the groups with regard to age, gender, history
of CAD, CAD severity, cardiovascular risk factors,
and previous coronary revascularization via either cor-
onary angioplasty or coronary artery bypass graft sur-
gery. Ejection fraction was measured in 1,207 patients
(611 patients in the trapidil group and 596 patient in
the control group), and there was no significant dif-
ference observed between the groups.

Antiplatelet drugs were administrated significantly
more often in the control group (56%) compared with
the trapidil group (48%) (Table 2). The frequency of
other drugs administered concomitantly during the
study period was similar between the groups. The
mean observation period was 924 days (2.5 years),
showing no difference between the groups.

Cardiovascular events occurred in 97 patients
(11.1%} in the trapidil group compared with 130 pa-
tients (14.9%) in the control group (Table 3). The

TABLE 3 Cordiovascular Events Accerding te Study Group
Trapidil Control Relative Risk
Event {n = 873} [n = 870) {?5% Ci} p Yalue
Cordiovascular event 97 {11.1%} 130 [14.9%) 0.75 [0.58-0.98) 0.034
Cardiac event 86 (9.9%) 116 {13.3%) 0.75 [0.57-0.99) 0.042
Death from coronary artery disease 3 (0.3%) 10 {1.1%) 0.31 [0.09-1.12) 0.059
Nonfatal myocardial infarction 17 (2.0%) 17 (2.0%) 1.02 [0.52-2.00) 0.946
Hespitalization for angina 64 [7.3%) B6 [9.9%} 0.76 {0.55-1,04) 0.088
Revascularization 51 {5.8%) 72 [8.3%) 0.72 {0.50-1.03) 0.067
New lasion 36 (4.1%) 51 5.9%) 0.72 {0.47-1.11} 0.133
Restenosis 17 (1.9%) 28 (3.2%) 0.61 (0.34-1.12} 0.108
Hospitalizafion for heort failure 4(0.5%) 8 [0.9%) 0.51 (0.15-1.79) 0.264
Stroke 7 {0.8%) 18{2.1%) 0.40 {0.17-0.95) 0.032
Transient ischemic attack 4 (0.5%) 1 {0.1%) 4,13 [0.46-36.99) 0.148
Relative risk wos calculated by Cox propartionalhazards analysis.
p Values were derived with the strotified logrank fest,
Cl = confidence interval,
20 “ Teapldil Coutrol 4 Refative Risk} (T Relative Risk)
Female in 183 ——
Male (3.7 687 Pt
- Control n=8T0 History of
® MI 423 396 ——
- Argina 33 412 iy
8 Other 51 62
g ; % W W e
3 Trapldil » =873 60 76 am i
e Previoms PTCA
= Yes 322 a7 —e—h
.Am?o drogs 35 356 —e—t
Logrank P =.036 Yes 415 483 1
o No 458 387 e
_Overall 873 £70 e
Q 200 400 Dﬁﬂ) 800 1000 1200 m:i_-?mm s Yy Tr:-sld 2o
er worse
Number at risk e ’
Trapidil 873 805 716 670 600 5§59 FIGURE 2. Relative risk reduction and 95% cenfidence interval
Control 870 799 732 677 621 584 (c of Pﬂm‘:lv end points with trapidil by dinical subgroup. MI

infarction; PTCA = percutaneous coronary angio-
piusry

relative risk of cardiovascular events in the trapidil
group in comparison with the control group was 0.75
(95% confidence interval 0.58 to 0.98, p = 0.036). For
the time-course analysis of an event, the duration up to
the first event was investigated using a Kaplan-Meier
curve (Figure 1). A cardiac event (cardiac death, non-
fatal myocardial infarction, hospitalization due to ag-
gravation of angina pectoris or heart failure) occurred
in 86 patients (9.9%) in the trapidil group compared
with 116 subjects (13.3%) in the control group (Table
3). The relative risk of cardiac events in the trapidil
group was 0.75 (95% confidence interval 0.57 to 0.99,
p = 0.042). Cardiac death, hospitalization for heart
failure, or hospitalization due to the recurrence of
angina occurred less often in the trapidil group, but the
difference was not significant. Among the 150 patients
with recurrence of angina, the incidence of coronary
revascularization to either new or restenosis lesions
were less in the trapidil group compared with the
control group, but the difference did not reach statis-
tical significance. The incidence of stroke was 0.8% in
the trapidil group compared with 2.1% in the control
group (relative risk 0.40, p = 0.032).

There was no difference in the overall rate of death

CORONARY ARTERY DISEASE/BENEFICIAL EFFECTS CF TRAPIDILIN CAD 791



TABLE 4 Cardiovascular Events According to Study Group in Thase With Previous Myocardial Infarction
Trapidil Control Relative Risk
Event {n = 423) [n = 396) {25% Cl) p Value
Cardiovascular event 51{12.1%) 71 17.9%} 0.67 {0.47-0.96) 0.028
Cardiac event 45 {10.6%) 65 {16.4%) 0.65 {0.44-0.94] 0.023
Death from coronary arfery disease 2 10.5%) 6 {1.5%) 0.32 {0.06-1.59) 0.142
Nonfatal myocardial infarction 11 {2.6%) 13 (3.3%) 0.81 (0.36-1.80) 0.596
Hespitalization for angina 31 (7.3%)} 45 11.4%) 0.65 [0.41-1,02) 0.059
Revascvlarization 26 [6.1%) 39 (2.8%) 0.63 (0.38-1.03) 0.061
New lesion 16 (3.8%} 28 {7.1%) Q.54 (0.29-1.00} 0.047
Restenosis 12 (2.8%} 16 (4.0%) 0.71 (0.34-1.50} 0.365
Hospitalization for heart failure 3 [0.7%) 6 (1.5%) 0.47 [0.12-1.89} 0.280
Stroke 4 {0.9%) 51.3%) 0.76 [0.20-2.84} 0.685
Transient ischemic attack 2 (0.5%) 1 {06.3%} 1.91 [0.17-21.06) 0.591
Relative risk was cakevloted by Cox proportionabhazards analysis.
p Valves were derived with the stratified logrank test,
Abbrevigtion as in Table 3.

between the groups. However, the number of deaths
due to cardiovascular diseases was 4 patients (0.5%)
in the trapidil group compared with 13 subjects (1.5%)
in the control group; the difference was statistically
significant. There was no difference between the 2
groups in the number of deaths due to cancer, acci-
dent, or suicide.

Clinical subgroup analysis indicated that trapidil
was more beneficial in women, in patients =60 years
old {(Figure 2), and in those with previous myocardial
infarction (Figure 2 and Table 4). There were no
obvious benefits of trapidil in patients with a history of
coronary angioplasty or in those who did not receive
antiplatclet agents.

A tota) of 57 adverse events occurred in 53 patients
in the control group and total of 62 adverse events
occurred in 57 patients in the trapidil group. The
comparison between the trapidil group and control
group indicated no significant difference in the deaths
due to cancer, accident, suicide, and other serious
adverse events. Deaths attributable to cancer occwrred
in 7 and 6 patients in the trapidil and control groups,
respectively. Adverse reactions considered to be re-
lated to trapidil treatment, such as gastric discomfort,
hepatic dysfunction, skin eruption, vertigo, and head-
ache occurred in 18, 9, 6, 3, and 2 patients, respec-
tively. All symptoms were mild and disappeared after
discontinuation of the drug.

DISCUSSION

This study indicates that long-term daily use of 300
mg of trapidil reduces the incidence of cardiovascular
events during 3 years in patients with angiographic
evidence of CAD. We assumed, based on the differ-
ences in the incidence of events between the groups
during the study period, that cardiac events and cere-
brovascular disorders were prevented in 35 of 1,000
cases and 12 of 1,000 cases, respectively, in the tra-
pidil group.

Trapidil significantly reduced the combined risk of
cardiac events, although trapidil did not reduce the
incidence of each cardiac event significantly. Trapidil
had a tendency to reduce the incidence of cardiac

792 THE AMERICAN JOURMNAL OF CARDIOIOGY®

death and hospitalization due to heart failure or recur-
rent angina; however, the difference did not reach
statistical significance. The cardiac event rate in CAD
is lower and the prognosis of CAD in Japan is more
favorable than those in Western countries.? In addi-
tion, the long-term prophylactic use of antiplatelet
drugs in an at-risk population might cause further
reduction of cardiac events.*~¢ Thus, the power of this
trial might not be sufficient to detect any significant
difference in cardiac events.

There were no significant differences in the use of
concomitant medications between the trapidil and
control groups besides the use of antiplatelet agents.
Despite the significantly more frequent administration
of antiplatelet agents in the control group, the low
tncidence of cardiac events in the trapidil group indi-
cated a prophylactic action of trapidil in addition to its
antiplatelet action. Trapidil protects the vascular en-
dothelium by enhancing prostacyclin synthesis and
preventing smooth muscle cell proliferation by acting
as a platelet-derived growth factor antagonist, which
may have significantly reduced the incidence of un-
scheduled revascularization to a new lesion, as seen in
819 patients with previous myocardial infarction (Ta-
ble 4). In addition to these antiatherosclerotic actions,
trapidil has, according to a recent report, anti-inflam-
matory activity that may inhibit the development of
vulnerable plaques.” Although there is no direct clin-
ical evidence, the significant reduction of cardiac
events seen in high-risk patients in the Japanese An-
tiplatelets Myocardial Infarction Study® (JAMIS) and
in this study further supports the theory that trapidil
may inhibit the progression of atherosclerosis and
plaque rupture. i

Although trapidil was shown to reduce the reste-
nosis rate after coronary balloon angioplasty com-
pared with findings for aspirin,® there were no signif-
icant differences in the incidence of the urgent
intervention to the restenosis lesion between the 2
groups. The exclusion of patients with scheduled in-
tervention led to the low incidence of restenosis in this
study and may mask the preventive effect of trapidil
on restenosis.
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APPENDIX

Investigators: Steering Committee: Chuichi Kawai, MD, Chairman; Saichi
Hosoda, MD, Co-Chairman; Katsuo Kanmatsuse, MD; Kazuhisa Kodama, MD;
Kazso Haze, MD; Kazuya Hayasaki, MD; Takeshi Motomiya, MD; Ryuzo
Minamino, MD; Hiroshi Nonogi, MD; Hikaru Sato, MD):; Tetsuya Sumivoshi,
MD; Junichi Shibata, MD; Humimaro Takatsu, MD; Yoshimasa Yabe, MD;
Yoshiki Yuvi, MD,

Safety Committee: Kazuzo Kato, MD; Yoshiaki Inagaki, MD; Hideki Ori-
gasa, PhD.
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