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Aims: In this study, we integrated two randomized control trials, PROSPECTIVE and IMPACT, to address the 
effect of probucol on cerebrocardiovascular events and carotid intima-media thickness (IMT) in Japanese, 
Korean, and Chinese patients with coronary artery disease (CAD). 

Methods: A total of 1,025 patients from the PROSPECTIVE and IMPACT studies were enrolled. The time to 
the first major adverse cerebrocardiovascular event, in addition to carotid IMT and lipid levels, was compared 
between the control and probucol groups.

Results: In the integrated analysis, the adjusted hazard ratio (HR) and 95% confidence interval (CI) were 0.67 
and 0.44–1.03, respectively, indicating a tendency to show the effect of probucol on cerebrocardiovascular events 
in secondary prevention. We also found no significant differences between the control and probucol groups in 
the mean IMT of the carotid arteries and its changes. However, we found a significant decrease in 
cerebrocardiovascular events in patients with reduced levels of HDL cholesterol (HDL-C) (≥ 6.25 mg/dL) 
compared with those with levels ＜6.25 mg/dL (p=0.024), without any increase in adverse events such as severe 
ventricular arrhythmias. 

Conclusion: We demonstrated a marginal effect of probucol on cerebrocardiovascular events in Asian patients 
with CAD, with reasonable safety profiles. A larger study may be needed to support the effect of probucol for 
cardiovascular prevention.
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hypercholesterolemia (FH) who are deficient in LDL 
receptor and exhibit xanthomas on the Achilles 
tendon21). Probucol showed a unique benefit in 
attenuating skin and tendon xanthomas despite a 
marked reduction in serum HDL-C. In the Probucol 
Quantitative Regression Swedish Trial (PQRST)22), a 
randomized controlled trial, the administration of 
probucol for 3 years to patients with hypercholesterolemia 
lowered LDL-C levels but did not increase the lumen 
volume of femoral arteries compared with controls as 
evaluated by angiography. Thereafter, probucol 
disappeared from the market worldwide except in 
Japan, probably because of the failure of the PQRST 
trial, the reduction in serum HDL-C, and possible 
QT interval prolongation. Nevertheless, probucol has 
been used by Japanese clinicians, especially lipid 
specialists.

Previous clinical studies have demonstrated 
marked beneficial effects of probucol on xanthoma 
regression, restenosis after percutaneous coronary 
intervention (PCI), and atherosclerosis, as reviewed by 
Yamashita et al.23-27). The retrospective Probucol 
Observational Study Illuminating Therapeutic Impact 
on Vascular Events (POSITIVE) study showed that 
long-term treatment with probucol decreased 
secondary cardiovascular events in very high-risk 
patients with heterozygous FH28), in which the 
primary outcome was the time to first cardiovascular 
event involving hospitalization. Multivariate Cox 
regression analysis showed that the hazard ratio (HR) 
of probucol use was 0.13 (95% confidence interval 
(CI), 0.05–0.34, P＜0.001) in patients for secondary 
prevention, suggesting that long-term probucol 
treatment prevents secondary cardiovascular events in 
patients with heterozygous FH. Furthermore, the 
effects of probucol therapy on long-term survival after 
complete revascularization with PCI and/or coronary 
aorta bypass graft were reported in 1,694 patients 
following a propensity score matching analysis29). In 
addition, probucol administration was associated with 
a significant decrease in all-cause death in the 
propensity score-adjusted model (HR, 0.57, 
p=0.008). In post-matched patients, all-cause 
mortality was markedly reduced in the probucol group 
compared with the non-probucol group (HR, 0.45, 
p=0.002). Cardiac death tended to be lower in the 
probucol group; however, noncardiac death was 
significantly reduced in the probucol group compared 
with the non-probucol group. These data suggest that 

Introduction

Lipid-lowering therapy has been a cornerstone of 
treatment in both the primary and secondary 
prevention of atherosclerotic cardiovascular disease. 
Previous mega-trials testing the effects of statins1), 
ezetimibe2, 3), and PCSK9 inhibitors4, 5) have clearly 
demonstrated that aggressive LDL cholesterol (LDL-
C)-lowering therapies significantly reduce the 
incidence of atherosclerotic cardiovascular events. 
However, cardiovascular events are not completely 
prevented even if serum LDL-C levels are lowered to 
＜50 mg/dL. Thus, residual risks, such as high serum 
triglyceride (TG) and/or low HDL cholesterol (HDL-
C) levels, have been the targets of pharmacological 
interventions6). However, studies using fibrates to 
improve high serum TG and/or low HDL-C levels did 
not show positive results in inhibiting atherosclerotic 
cardiovascular events in high-risk patients, such as 
those with type 2 diabetes mellitus7, 8). However, a 
meta-analysis of fibrates demonstrated their favorable 
effect on reducing the coronary event rate, but not 
mortality9). Omega-3 polyunsaturated fatty acids, 
such as  e icosapentaenoic acid (EPA) and 
docosahexaenoic acid (DHA), have also been used to 
reduce serum TG levels. Although the JELIS trial 
showed the benefit of adding EPA in addition to 
statins in Japanese patients, study results on omega-3 
polyunsaturated fatty acids, such as EPA and DHA, 
have been controversial10-12).

The inhibitors of plasma cholesteryl ester transfer 
protein (CETP), such as torcetrapib, dalcetrapib, 
evacetrapib, and anacetrapib, were developed with the 
expectation that they would increase HDL-C and 
prevent atherosclerosis. These CETP inhibitors were 
used in addition to statins but failed to reduce 
cardiovascular events13-15) or attenuate atherosclerosis 
of the coronary and carotid arteries16-18) (except for 
anacetrapib19)). The REVEAL study19), which used 
anacetrapib in addition to atorvastatin, demonstrated 
a positive result in reducing cardiovascular events; 
however, its clinical development was terminated 
because of its long-term accumulation in adipose 
tissues20). Therefore, additional drug therapies in 
addition to statins are still needed to mitigate residual 
risks.

Probucol is a potent antioxidant and was 
developed for lowering LDL-C levels in patients with 
hypercholesterolemia, including those with familial 
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were also compared at 3 months and 3 years after 
registration. The mean IMT level at registration and 
its change at 1, 2, and 3 years from registration were 
compared among the groups.

The time to the first MACCE was compared 
between the control and probucol groups. Event-free 
survival curves were estimated using the Kaplan–
Meier method. The adjusted HR was calculated using 
a stratified proportional hazards model (with baseline 
LDL-C, the presence or absence of diabetes, and the 
presence or absence of hypertension as covariates and 
the study as a stratified factor). The comparison 
between groups was tested using the stratified log-rank 
test (stratified by the study, baseline LDL-C, the 
presence or absence of diabetes, and the presence or 
absence of hypertension).

Additionally, a cutoff value for a reduced 
concentration of HDL-C was obtained from the ROC 
curve analysis of the probucol group. The event-free 
survival rate and the HR divided by two according to 
the cutoff value were estimated using a proportional 
hazards model. The two-tailed significance level in the 
statistical test was 0.05. All statistical analyses were 
performed with SAS version 9.4 (SAS Institute Inc., 
Cary, NC).

Results

Patients
For the present study, 831 subjects (FAS) from 

the PROSPECTIVE study and 194 subjects (mITT) 
from the IMPACT study were enrolled (Fig.1). The 
mean age of the patients was 69 years, and 24.7% of 
the patients were women; 34.3% of the patients had a 
history of myocardial infarction, 59.9% of angina 
pectoris, 6.1% of cerebrovascular disease, and 2.9% of 
peripheral artery disease. Most of the patients (96.4%) 
qualified for study enrollment, with an LDL-C level 
of ＜140 mg/dL. Of the patients, 77.9% had 
hypertension, and 41.7% had diabetes mellitus 
(Tables 1 and 2).

There were no significant differences in the 
background characteristics between the control and 
probucol groups, except there tended to be more 
current smokers in the control group than in the 
probucol group (p=0.065) (Table 1); note that the 
daily number of cigarettes smoked on average for 
current smokers was not significantly different 
between the two groups (Table 2).

Lipid and hs-CRP Data
The total cholesterol, LDL-C, HDL-C, and TG 

levels at baseline were not significantly different 
between the probucol and control groups (Table 2). 

probucol can significantly reduce all-cause mortality 
and noncardiac death in patients with coronary artery 
disease (CAD) following complete revascularization.

Based on the evidence of probucol, we30) and 
Kang et al.31) conducted randomized control trials 
(PROSPECTIVE and IMPACT) to address the effect 
of probucol on high-risk patients, i.e., patients with 
CAD taking statins. Although these studies had a 
similar but different study design and showed a 
marginal benefit of probucol, we aimed to conduct an 
integrated analysis of these two studies to determine 
the effect of probucol in a larger sample size. This 
integrated analysis was a prespecified analysis when we 
planned these clinical studies in a collaborative 
manner.

To test the hypothesis that the addition of 
probucol to other lipid-lowering drugs prevents 
cerebrovascular and cardiovascular events in secondary 
prevention patients, the PROSPECTIVE study was 
conducted in Japan30), and the IMPACT study was 
conducted in South Korea and China31). In this study, 
we examined the efficacy and safety of probucol for 
cardiovascular events in Japan, Korea, and China by 
integrating the results of cardiovascular events in these 
study participants.

Subjects and Methods

Integrated Analysis
See the Appendix for the details of the 

PROSPECTIVE and IMPACT studies. In this 
integrated study, we evaluated the effect of probucol 
in addition to conventional lipid-lowering therapy in 
Asian (Chinese, Korean, and Japanese) patients with a 
history of CAD. Overall, 831 subjects (FAS) from the 
PROSPECTIVE study and 194 subjects (mITT) from 
the IMPACT study were enrolled. The conventional 
LLT group from the PROSPECTIVE study (n=431) 
and IMPACT study (n=102) were defined as the 
“control group” (n=533), and the test group from the 
PROSPECTIVE study (n=400) and the probucol 
group from the IMPACT study (n=92) were defined 
as the “probucol group” (n=492). In addition to 
protocol similarities, the validity of the integrated 
analysis of the PROSPECTIVE and IMPACT studies 
was confirmed by comparing the demographics/
characteristics and baseline variables that were believed 
to be related to the occurrence of cerebrocardiovascular 
events and by comparing the relation with time to 
MACCEs between the probucol and control groups in 
each study. The demographics and baseline variables 
of patients in the probucol and control groups were 
compared using the Fisher’s exact test or the two-
sample Wilcoxon test. Lipid levels and hs-CRP level 
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Fig.1. Study flow of the integrated analysis of the PROSPECTIVE and IMPACT studies

Table 1. Baseline demographics and other characteristics (qualitative variables)

Characteristic PROSPECTIVE IMPACT PROSPECTIVE+IMPACT

Control
(N=431)

Probucol
(N=400)

Control
(N=102)

Probucol
(N=92)

Control
(N=533)

Probucol
(N=492)

P value†

No. of patients (%) No. of patients (%) No. of patients (%)

Country Japan 431 (100.0) 400 (100.0) 0 (0.0) 0 (0.0) 431 (80.9) 400 (81.3) 0.986

Korea 0 (0.0) 0 (0.0) 48 (47.1) 44 (47.8) 48 (9.0) 44 (8.9)

China 0 (0.0) 0 (0.0) 54 (52.9) 48 (52.2) 54 (10.1) 48 (9.8)

Sex Male 319 (74.0) 291 (72.8) 84 (82.4) 78 (84.8) 403 (75.6) 369 (75.0) 0.828

Female 112 (26.0) 109 (27.3) 18 (17.6) 14 (15.2) 130 (24.4) 123 (25.0)

LDL-C ＜140 mg/dL 418 (97.0) 388 (97.0) 96 (94.1) 86 (93.5) 514 (96.4) 474 (96.3) 0.859

≥ 140 mg/dL 13 (3.0) 12 (3.0) 3 (2.9) 4 (4.3) 16 (3.0) 16 (3.3)

Diabetes mellitus 181 (42.0) 168 (42.0) 42 (41.2) 36 (39.1) 223 (41.8) 204 (41.5) 0.949

Hypertension 342 (79.4) 325 (81.3) 68 (66.7) 63 (68.5) 410 (76.9) 388 (78.9) 0.498

Peripheral artery disease 14 (3.2) 15 (3.8) 1 (1.0) 0 (0.0) 15 (2.8) 15 (3.0) 0.855

Smoking status Current smoker 34 (7.9) 15 (3.8) 31 (30.4) 27 (29.3) 65 (12.2)  42 (8.5) 0.065

Nonsmoker
(Ex-smoker/Never)

396 (91.9) 385 (96.3) 71 (69.6) 65 (70.7) 467 (87.6) 450 (91.5)

Coronary heart disease‡ Myocardial infarction 160 (37.1) 138 (34.5) 30 (29.4) 24 (26.1) 190 (35.6) 162 (32.9) 0.392

Angina pectoris 266 (61.7) 258 (64.5) 47 (46.1) 43 (46.7) 313 (58.7) 301 (61.2) 0.444

Cerebrovascular disease  27 (6.3) 25 (6.3) 3 (2.9) 8 (8.7) 30 (5.6) 33 (6.7) 0.516

†: Fisher’s exact test was used to evaluate the significance of differences between groups.
‡: Multiple choices were allowed.
LDL-C, low-density lipoprotein cholesterol
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the number of patients for whom ultrasonography of 
the carotid arteries was performed was small, and the 
measurements of the mean and max IMT at the same 
point in each patient may have had limited accuracy.

Efficacy Endpoints
The adjusted HRs of the probucol group 

compared with the control group were 0.75 and 0.37 
in the PROSPECTIVE and IMPACT studies, 
respectively. The HR directions were consistent 
between the studies. In the integrated analysis, which 
was stratified by the study, the adjusted HR and 95% 
CI were 0.67 and 0.44–1.03, respectively. We 

The total cholesterol, LDL-C, HDL-C, and TG levels 
at 3 months and 3 years were significantly decreased 
in the probucol group compared with the control 
group (Table 3).

The hs-CRP levels at 3 months and 3 years were 
also significantly increased in the probucol group 
compared with the control group, although the sample 
numbers were limited (Table 3).

Mean Carotid IMT
There were no significant differences between the 

control and probucol groups in the mean IMT of the 
carotid arteries and their changes (Table 4); note that 

Table 2. Baseline demographics and other characteristics (quantitative variables)

Characteristic PROSPECTIVE IMPACT

Control Probucol Control Probucol

N mean±SD or 
median (IQR)

N mean±SD or 
median (IQR)

N mean±SD or 
median (IQR)

N mean±SD or 
median (IQR)

Age (years) 431 70.0±9.4 400 70.0±9.0 102 63.5±6.8 92 64.1±7.1
Height (cm) 431 160.2±8.5 400 160.5±8.8 102 166.5±7.4 92 166.8±7.3
Weight (kg) 431 63.2±11.4 400 63.7±12.0 102 71.0±8.8 92 70.4±11.2
TC (mg/dL) 431 169.5±28.7 400 169.0±28.6 102 151.3±30.7 92 151.4±34.7
HDL-C (mg/dL) 431 54.4±14.4 400 53.6±13.6 102 46.6±12.4 92 46.4±11.8
LDL-C (mg/dL) 431 90.4±23.5 400 89.6±22.7 99 75.2±25.7 90 77.2±30.0
TG (mg/dL) 431 107 (80-154) 400 114 (83-158) 102  129 (92-185) 92 116 (83-165)
hs-CRP (ng/mL) 69 570 (216-1640) 56 698 (409-1585) 102  685 (300-1160) 92 665 (270-2145)
No. of cigarettes smoked 
on average daily (only 
current smokers)

34 20 (10-20) 15 10 (7-20) 31 10 (10-20) 27 10 (10-20)

Characteristic PROSPECTIVE+IMPACT

Control Probucol P value†

N mean±SD or 
median (IQR)

N mean±SD or 
median (IQR)

Age (years) 533 68.7±9.3 492 68.9±9.0 0.965
Height (cm) 533 161.4±8.7 492 161.7±8.9 0.649
Weight (kg) 533 64.7±11.4 492 64.9±12.1 0.942
TC (mg/dL) 533 166.0±29.9 492 165.7±30.6 0.694
HDL-C (mg/dL) 533 52.9±14.4 492 52.3±13.6 0.588
LDL-C (mg/dL) 530 87.6±24.7 490 87.3±24.7 0.724
TG (mg/dL) 533 113 (83-157) 492 114 (83-158) 0.753
hs-CRP (ng/mL) 171 660 (254-1360) 148 669 (327-1720) 0.220
No. of cigarettes smoked 
on average daily (only 
current smokers)

65 15 (10-20) 42 10 (10-20) 0.196

†: Two-sample Wilcoxon test was used to evaluate the significance of differences between groups.
＊: The level of significance was set at p＜0.05 (2-sided).
hs-CRP, high-sensitivity C-reactive protein; HDL-C, high-density lipoprotein cholesterol; IQR, interquartile range; LDL-C, low-density 
lipoprotein cholesterol; TC, total cholesterol; TG, triglyceride
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Table 3. Lipids and hs-CRP

Characteristic PROSPECTIVE IMPACT

Control Probucol Control Probucol

N mean±SD or 
median (IQR)

N mean±SD or 
median (IQR)

N mean±SD or 
median (IQR)

N mean±SD or 
median (IQR)

TC (mg/dL)
Baseline 431 169.5±28.7 400 169.0±28.6 102 151.3±30.7 92 151.4±34.7
3 months 407 168.8±28.9 382 145.8±32.5 102 157.2±37.1 91 127.2±39.6
3 years 343 167.9±29.6 314 139.8±28.9 97 154.5±39.3 85 133.8±41.2

LDL-C (mg/dL)
Baseline 431 90.4±23.5 400 89.6±22.7 99 75.2±25.7 90 77.2±30.0
3 months 406 89.3±23.2 375 81.8±23.9 100 82.4±32.1 88 69.7±33.3
3 years 340 88.1±23.9 310 79.6±24.5 96 80.0±36.5 83 74.6±32.4

HDL-C (mg/dL)
Baseline 431 54.4±14.4 400 53.6±13.6 102 46.6±12.4 92 46.4±11.8
3 months 416 54.9±14.4 386 39.4±13.5 100 46.5±11.1 90 32.8±10.6
3 years 353 54.8±14.1 317 37.3±12.7 97 47.6±13.3 85 35.0±14.3

TG
Baseline 431 107 (80-154) 400 114 (83-158) 102 129 (92-185) 92 116 (83-165)
3 months 415 112 (78-157) 387 103 (74-150) 102 128 (97-163) 91 106 (73-156)
3 years 353 111 (76-154) 317 98 (73-142) 97 113 (96-166) 84 107 (74-150)

hs-CRP
Baseline 69 570 (216-1640) 56 698 (409-1585) 102  685 (300-1160) 92 665 (270-2145)
3 months 62 447 (229-1220) 44 771 (370-1960) 100  685 (360-1305) 92 880 (470-1880)
3 years 39 478 (250-1400) 31 683 (474-1680) 97 890 (360-2200) 85 1060 (560-2160)

Characteristic PROSPECTIVE+IMPACT

Control Probucol P value†

N mean±SD or 
median (IQR)

N mean±SD or 
median (IQR)

TC (mg/dL)
Baseline 533 166.0±29.9 492 165.7±30.6 0.694
3 months 509 166.4±31.0 473 142.2±34.7 ＜0.001＊

3 years 440 164.9±32.4 399 138.6±31.9 ＜0.001＊

LDL-C (mg/dL)
Baseline 530 87.6±24.7 490 87.3±24.7 0.724
3 months 506 88.0±25.3 463 79.5±26.3 ＜0.001＊

3 years 436 86.3±27.4 393 78.5±26.4 ＜0.001＊

HDL-C (mg/dL)
Baseline 533 52.9±14.4 492 52.3±13.6 0.588
3 months 516 53.3±14.2 476 38.1±13.2 ＜0.001＊

3 years 450 53.2±14.2 402 36.9±13.1 ＜0.001＊

TG
Baseline 533 113 (83-157) 492 114 (83-158) 0.753
3 months 517 114 (81-158) 478 104 (74-151) 0.010＊

3 years 450 112 (80-160) 401 101 (73-143) 0.005＊

hs-CRP
Baseline 171 660 (254-1360) 148 669 (327-1720) 0.220
3 months 162 555 (280-1280) 136 870 (440-1880) 0.003＊

3 years 136 666 (320-1585) 116 930 (480-2110) 0.046＊

†: Two-sample Wilcoxon test was used to evaluate the significance of differences between groups.
＊: The level of significance was set at p＜0.05 (2-sided).
TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; TG, triglyceride; hs-CRP, high-
sensitivity C-reactive protein
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endpoints in patients with reduced HDL-C levels (≥ 
6.25 mg/dL) compared with those with levels ＜6.25 
mg/dL (23 cases in 398 patients vs. 10 cases in 84 
patients; adjusted HR, 0.40; p=0.024).

Discussion

The current study was an integrated analysis of 
the effect of probucol on cardiovascular events in 
patients from the PROSPECTIVE study30) and 
IMPACT study31). In the PROSPECTIVE study, 
patients were randomly assigned to the control and 
probucol (500 mg/day) groups. The primary endpoint 
was a composite of cerebrovascular and cardiovascular 
events (cardiovascular disease death including sudden 

observed a tendency for the difference in the numbers 
of cerebrocardiovascular events to occur, although 
there was no statistical significance (p=0.052) between 
35 patients in the probucol group (1.98/100 person-
years) and 55 patients in the control group (2.92/100 
person-years) (Table 5, Fig.2).

HDL-C Reduction and Efficacy Endpoints in the 
Probucol Group

Additionally, the relationships of the reduction 
levels of HDL-C with cerebrocardiovascular events 
were analyzed in the probucol group (Fig.3). The 
analysis using the two groups separated by 6.25 mg/
dL, an efficient cutoff value obtained from the ROC 
curve analysis, showed a significant decrease in efficacy 

Table 4. Mean carotid IMT

Characteristic PROSPECTIVE IMPACT

Control Probucol Control Probucol

N mean±SD N mean±SD N mean±SD N mean±SD

Mean carotid IMT, mm
Baseline 84 0.86±0.25 88 0.91±0.27 102 1.27±0.42 92 1.26±0.34
1 year 77 0.85±0.22 68 0.87±0.29 102 1.21±0.39 92 1.16±0.36
2 years 73 0.83±0.22 67 0.88±0.27 100 1.15±0.37 86 1.17±0.37
3 years 62 0.80±0.18 55 0.87±0.27 97 1.16±0.40 84 1.15±0.38

Changes in mean IMT, 
mm

Baseline to 1 year 72 -0.01±0.16 66 0.00±0.18 102 -0.06±0.25 92 -0.10±0.29
Baseline to 2 years 67 -0.02±0.16 64 0.00±0.15 100 -0.13±0.33 86 -0.10±0.27
Baseline to 3 years 54 -0.05±0.19 52 -0.01±0.17 97 -0.12±0.36 84 -0.10±0.32

Characteristic PROSPECTIVE+IMPACT

Control Probucol P value†

N mean±SD N mean±SD

Mean carotid IMT, mm
Baseline 186 1.09±0.41 180 1.09±0.36 0.652

1 year 179 1.06±0.37 160 1.04±0.36 0.525

2 years 173 1.01±0.35 153 1.04±0.36 0.450

3 years 159 1.02±0.38 139 1.04±0.37 0.421

Changes in mean IMT, 
mm

Baseline to 1 year 174 -0.04±0.22 158 -0.06±0.25 0.597

Baseline to 2 years 167 -0.09±0.28 150 -0.06±0.23 0.204

Baseline to 3 years 151 -0.10±0.31 136 -0.06±0.28 0.373

†: Two-sample Wilcoxon test was used to evaluate the significance of differences between groups.
＊: The level of significance was set at p＜0.05 (2-sided).
IMT, intima-media thickness
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Table 5. The incidence of cerebrocardiovascular events

Study Group Patient Cerebrocardiovascular 
events

Incidence rate
(/100 persons-year)

Adjusted HR† 
(95% confidence interval)

P value†

PROSPECTIVE Control 431 44 2.75 0.75 (0.47 - 1.18) 0.184
Probucol 400 31 2.06

IMPACT Control 102 11 3.88 0.37 (0.12 - 1.16) 0.073
Probucol 92 4 1.52

Integrated analysis Control 533 55 2.92 0.67 (0.44 - 1.03) 0.052
Probucol 492 35 1.98

†: The adjusted hazard ratio was calculated by a proportional hazards model with baseline LDL-C, the presence or absence of diabetes, and the 
presence or absence of hypertension as covariates. The p-value was calculated by the stratified log-rank test (with baseline LDL-C, the presence or 
absence of diabetes, and the presence or absence of hypertension). In the integrated analysis, the study was added as a stratified factor to the model.

Fig.2. Kaplan–Meier estimates of the 5-year incidences of endpoint events after randomization into the probucol and control groups

The adjusted HR was calculated using a stratified proportional hazards model (with baseline LDL-C, the presence or absence of diabetes, and 
the presence or absence of hypertension as covariates and the study as a stratified factor). The p-value was calculated using the stratified log-
rank test (stratified by the study, baseline LDL-C, the presence or absence of diabetes, and the presence or absence of hypertension).

Fig.3. Kaplan–Meier estimates of the 5-year incidences of endpoint events after randomization into the probucol group with an 
average decrease in HDL cholesterol from baseline of 6.25 mg/dL or more and ＜6.25 mg/dL

The adjusted HR was calculated using a stratified proportional hazards model (with baseline LDL-C, the presence or absence of diabetes, and 
the presence or absence of hypertension as covariates and the study as a stratified factor).
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to draw a conclusion.
Probucol has potent antioxidant activity and 

strongly protects LDL from oxidation. LDL particles 
from probucol-treated patients are strongly protected 
from oxidation 21, 32). We speculate that the 
antioxidative properties of probucol may be one of the 
reasons for its effects on the prevention of 
cerebrocardiovascular events. Furthermore, the 
probucol-mediated reduction in serum HDL-C might 
reflect enhanced reverse cholesterol transport (RCT). 
Probucol was shown to regress tendon xanthomas and 
xanthelasmas in patients with FH despite a reduction 
in serum HDL-C21, 33). Probucol was shown to 
decrease serum HDL-C levels by enhancing plasma 
CETP activity34) and the hepatic expression of 
scavenger receptor class B type I (SR-BI)35), which 
accelerates the excretion of cholesterol into the bile 
and feces36). Therefore, the reduction in HDL-C by 
probucol could be explained by both enhanced 
CETP-mediated transfer of cholesteryl esters from 
HDL to apolipoprotein B-containing lipoproteins and 
increased hepatic SR-BI-mediated selective uptake of 
cholesteryl esters from HDL. Furthermore, probucol 
enhances the formation of lipid-poor prebeta-1 HDL, 
which is involved in cellular cholesterol efflux. 
Intriguingly, our subanalysis (Fig.3) showed a 
significant decrease in efficacy endpoints in patients 
with reduced HDL-C levels (≥ 6.25 mg/dL) compared 
with those without. However, because of the small 
sample size, concluding that less decrease of HDL-C 
by probucol treatment is associated with the lack of 
beneficial effect of probucol would be difficult.

In contrast to probucol, which reduces serum 
HDL-C levels, many CETP inhibitors have been 
developed to increase serum HDL-C levels and 
decrease serum LDL-C levels. However, as mentioned 
above, most CETP inhibitors disappeared from drug 
development because of negative results that show 
cardiovascular risk reduction in patients treated with 
statins. The failure of CETP inhibitors could be 
attributed to their strategy to increase serum HDL-C 
levels by inhibiting the transfer of cholesteryl ester 
from HDL particles, resulting in the formation of very 
large cholesteryl ester/apoE/apoC-III-rich HDL 
particles with increased oxidized phospholipids and 
impaired antiatherogenic functions. In our integrative 
analysis of the PROSPECTIVE30) and IMPACT31) 
studies, we demonstrated that the reduction in 
cerebrocardiovascular events by probucol was likely 
independent of the degree of LDL-C reduction but 
rather dependent on the degree of HDL-C reduction. 
The degree of serum HDL-C reduction by probucol 
was correlated with cardiovascular risk reduction. 
Previous epidemiological studies have clearly 

death, nonfatal myocardial infarction, nonfatal stroke, 
hospitalization for unstable angina, hospitalization for 
heart failure, or coronary revascularization). The 
secondary endpoint in a subset of patients was the 
carotid intima-media thickness (IMT). Probucol 
showed a tendency to reduce cardiovascular events in 
patients with CAD treated with statins, but the 
difference was not statistically significant. In contrast, 
in the IMPACT study, subjects were randomized to 
three groups and received study drugs for 3 years: 
control with statin alone (control group); statin and 
probucol (probucol group); and statin, probucol, and 
cilostazol (combination group). The primary endpoint 
was the change in the mean carotid IMT at 3 years. 
The secondary endpoints were biomarkers, major 
adverse cerebrocardiovascular events, and safety. 
Therefore, the primary and secondary endpoints were 
opposite in these two trials.

When these two trials were combined and an 
integrated analysis was performed, probucol was 
demonstrated to reduce cerebrocardiovascular events 
in patients with CAD, with marginal significance. The 
results were basically similar between patients from 
Japan and Korea/China; therefore, the preventive 
effects of probucol on secondary cerebrocardiovascular 
events in patients with CAD may be consistent 
regardless of the population. In the integrated analysis, 
probucol reduced LDL-C by only 10.1% at 3 years 
compared with control therapy. It is possible that the 
reduction in LDL-C by probucol may be one of the 
reasons why the number of cardiovascular events 
tended to decrease. However, the reduction in serum 
LDL-C was very small compared with that by statins, 
and our analysis demonstrated that the preventive 
effect of probucol on secondary cerebrocardiovascular 
events in patients with CAD was not dependent on 
the reduction in serum LDL-C levels. In addition, in 
both studies, physicians were asked not to change the 
statin dose as much as possible. Therefore, this small 
reduction of LDL-C is not associated with the change 
of other lipid-lowering drugs. In fact, 93.1% and 
94.5% of the patients in the control and probucol 
arms were found to continue the original dose of 
statins, respectively.

In the IMPACT study, probucol or probucol and 
cilostazol with a statin did not reduce the carotid IMT 
compared with a statin alone; however, major adverse 
cerebrocardiovascular events were less frequent in the 
probucol or combination group than in the control 
group, without a significant difference. Regarding the 
results of the IMT in the integrative analysis, the IMT 
was not significantly reduced by probucol treatment; 
however, the number of participants who were 
subjected to IMT analysis may not have been enough 
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statins was well tolerated and safe despite a reduction 
in serum HDL-C. No significant difference was 
observed in the frequencies of serious adverse events 
between the probucol-treated and control groups. 
Furthermore, ventricular arrhythmias were not 
increased in probucol-treated patients. Similarly, 
previous studies, including the POSITIVE28) and 
PICASSO44) study and a study by Kasai et al.29), 
demonstrated no significant increases in severe 
ventricular arrhythmia. Therefore, QT prolongation 
by probucol may not affect the occurrence of lethal 
ventricular arrhythmias, although this should be 
further addressed in a larger study because of a few 
events in this study.

In conclusion, in this integrated analysis of the 
PROSPECTIVE and IMPACT studies,  we 
demonstrated a marginal effect of probucol on 
cerebrocardiovascular events in Asian patients with 
CAD, with reasonable safety profiles. Further study 
may be needed to show the effect of probucol in a 
larger sample size of high-risk patients.
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demonstrated that decreased serum HDL-C levels are 
strongly linked to the cardiovascular event rate. 
Therefore, the probucol-induced reduction in serum 
HDL-C levels is so marked and thus may be predicted 
to remarkably enhance the cardiovascular event rate. 
Nevertheless, our current study clearly demonstrated 
that lowering HDL-C levels by probucol use may 
predict satisfactory cardiovascular outcomes. Thus, the 
reduction in serum HDL-C by probucol may not be 
harmful and might rather suggest the enhancement of 
RCT via increased CETP and hepatic SR-BI.

In addition to the level of serum HDL-C, 
probucol has been shown to modify the lipid and 
protein compositions of HDL particles. HDL particles 
from probucol-treated patients are small and poor in 
cholesteryl ester, possessing potent antiatherogenic 
activity against foam cell formation37) and strong 
antioxidant activity partly due to an increase in 
antioxidant paraoxonase 1 activity38), although we 
have seen a significant increase of hs-CRP only in the 
probucol group in this pooled analysis, which was an 
unexpected finding. A recent study showed that serum 
oxidized HDL levels were reduced in patients with 
FH treated with probucol39). Probucol was also 
demonstrated to have anti-inflammatory effects via 
the inhibition of VCAM1 and MCP40, 41) and 
attenuated the progression of atherosclerosis in animal 
models42, 43).

A recent randomized controlled trial (PICASSO) 
examined the efficacy and safety of cilostazol versus 
aspirin, with and without probucol, in patients with 
ischemic stroke with a high risk of cerebral 
hemorrhage44). Patients with ischemic stroke and a 
history of or imaging findings of intracerebral 
hemorrhage or two or more microbleeds were 
randomly assigned to receive the following: 1) 200 
mg/day cilostazol, 2) 100 mg/day aspirin, 3) cilostazol 
plus 500 mg/day probucol, or 4) aspirin plus 
probucol. The incidence of vascular events was 
significantly lower in the probucol group than in the 
non-probucol group (HR, 0.69; 95% CI, 0.50–0.97; 
p=0.0316). In a recent post hoc analysis of the 
PICASSO study45), the mean HDL-C level was 
significantly lower in the probucol group than in the 
non-probucol group, and no significant interaction 
was shown between HDL-C changes and the assigned 
treatment regarding the risk of the efficacy endpoint 
in either study arm. These findings are partly similar 
to the results of our current integrated analysis and 
strongly suggest that probucol may be beneficial in 
reducing the incidence of cardiovascular events in 
patients with CAD and ischemic stroke.

In the current study, we also showed that 
probucol treatment in high-risk patients treated with 
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Appendix

PROSPECTIVE Study
The PROSPECTIVE study is a randomized 

(1:1), prospective, open-label, multicenter clinical trial 
conducted  on  pa t i ent s  wi th  hyper -LDL-
cholesterolemia with a prior history of coronary events 
as CAD (30). Patients on conventional lipid-lowering 
therapy (LLT) within 6 weeks after registration from 
participating faculties were screened using the 
inclusion/exclusion criteria. A web-based central 
registration system was used to automatically and 
randomly assign patients to either the control group 
(conventional LLT continued) or the test group (LLT 
with probucol 500 mg/day, 250 mg twice daily) at a 
1:1 allocation rate based on the registered patient’s 
data. In randomization, LDL-C levels (140 mg/dL 
and more vs. less than 140 mg/dL), diabetes (with vs. 
without), and hypertension (with vs. without) were 
dynamically balanced between the two groups as 
adjusted allocation factors.

The primary efficacy endpoint was the presence 
and time from registration until the first occurrence of 
a major cerebrovascular and cardiovascular event 
(MACCE; CV-related death, nonfatal MI, nonfatal 
cerebral stroke, hospital admission due to unstable 
angina/heart failure and PCI/CABG), and the other 
six parameters were used as the secondary efficacy and 
safety endpoints .  Pat ient  background;  a l l 
cerebrovascular and cardiovascular events; all adverse 
events; the levels of total cholesterol, TG, and HDL-
C; and the confirmation of survival were determined 
before protocol treatment and at 3 months and 1, 2, 
and 3 years after registration. The maximum (max)/
minimum (min) IMT of the carotid arteries was 
measured by each participating faculty member using 
the same evaluation protocol, and the obtained images 
were evaluated by the Imaging Evaluation Committee.

The patient population in the statistical analysis 
was a full analysis set (FAS) based on the intention-to-
treat principle. A total of 876 patients with CAD 
underwent randomization at 82 sites in Japan, and 
831 of 876 patients were assigned to either the control 
group (conventional LLT continued, 431 patients) or 
the test group (LLT plus probucol 500 mg/day, 400 
patients). The primary endpoint occurred in 44 
patients (10.2%) in the control group and in 31 
patients (7.8%) in the test group (adjusted hazard 
ratio, 0.746; 95% CI, 0.471 to 1.182; stratified log-
rank test, p=0.1839). There was no significant 
difference between the two groups in the incidence of 
the primary endpoint or in the key composites of 
cerebrovascular and cardiovascular events, and there 
was no significant difference in the secondary efficacy 

and safety endpoint or the changes in serum hs-CRP 
and adiponectin concentrations. Translational 
Research Center for Medical Innovation, Foundation 
for Biomedical Research and Innovation at Kobe is 
responsible for randomization and statistical analysis.

Inclusion Criteria
This study included male and female patients 

older than 20 years with all of the following eight 
clinical statuses:

1) diagnosis of dyslipidemia with a high LDL-C 
level (≥ 140 mg/dL) without any medication;

2) treatment using any lipid-lowering drug, 
including statins, for more than 8 weeks before 
providing informed consent;

3) a serum LDL-C level less than 200 mg/dL 
within 8 weeks before providing informed consent, as 
calculated by Friedewald’s formula (LDL-C= total 
cholesterol – HDL-cholesterol − triglycerides (TG)/5);

4) a history of acute myocardial infarction or 
angina pectoris more than 3 months before providing 
informed consent, old myocardial infarction, CABG 
more than 3 months earlier, PCI more than 9 months 
earlier, or PCI with no restenosis that was diagnosed 
by follow-up coronary angiography at 6–9 months 
after PCI;

5) normal cardiac function and mild or moderate 
heart failure (NYHA classification I or II);

6) older than 20 years at the time informed 
consent was provided;

7) no severe hepatic or renal dysfunction (AST＜
100 IU/L, ALT＜100 IU/L, and serum creatinine ＜
1.5 mg/dL) within 4 weeks before providing informed 
consent; and

8) signed written informed consent for 
participation in this study.

Exclusion Criteria
The exclusion criteria were the presence of the 

following clinical statuses at the time informed 
consent was provided:

1) ongoing treatment with probucol within 6 
months before the time informed consent was 
provided;

2) ongoing treatment with cyclosporine;
3) a history of hypersensitivity reactions to 

probucol;
4) a diagnosis of FH based on the NICE clinical 

guidelines [1];
5) a very high TG level (＞400 mg/dL) within 8 

weeks before providing informed consent;
6) a markedly high HbA1c level (≥ 8%) on the 

most recent blood test;
7) frequent multifocal ventricular arrhythmia;
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8) Af including paroxysmal Af;
9 )  a  l ong  QTc  in t e r va l  on  r e s t i ng 

electrocardiogram (＞450 ms in males or ＞470 ms in 
females);

10) congestive heart failure (NYHA III or IV) or 
unstable angina;

11) participation in other clinical trials;
12) women who were pregnant, lactating, might 

become pregnant, or wish to become pregnant within 
the study period; and

13) inappropriate candidates for participation as 
assessed by doctors in the current study.

Serious Adverse Events (SAEs)
SAEs were designated as death, events that could 

lead to death, events that required hospital admission 
or extended hospitalization, disorders, events that 
could lead to disorders, other events that were serious 
as well as former adverse events, or a congenital disease 
or abnormality in postgenerations.

Endpoints
The primary efficacy endpoint was the presence 

and time from registration until the first occurrence of 
a cerebrovascular and cardiovascular event, as follows:

1) cardiovascular death including cardiac sudden 
death;

2) nonfatal myocardial infarction;
3) nonfatal cerebral stroke excluding transient 

ischemic attack;
4) hospital admission due to unstable angina;
5) hospital admission due to heart failure; and
6) all coronary revascularizations with either PCI 

or CABG.

The secondary efficacy and safety endpoints were 
as follows:

1) all-cause death;
2) all cerebrovascular and cardiovascular diseases;
3) event-free survival time;
4) mean IMT of the carotid arteries and their 

changes;
5) max IMT in the common or internal carotid 

arteries and their changes; and
6) severe adverse events and their frequency.

Carotid IMT Measurements
The mean carotid IMT was measured by 

averaging the values from 100 points within 1 cm 
from each side of the site giving the maximal thickness 
of the carotid IMT. For measurement of the carotid 
IMT, a linear probe with 7 MHz or greater was used, 
with scanner conditions adjusted to a depth of 30 
mm, a dynamic range of 65 dB, and 40 frames per 

second. For the same lesion, the same means of 
measurement and conditions, such as ultrasound 
equipment, patient position, and ultrasound probe 
angle, were applied, and the same examiner obtained 
the carotid ultrasound images. Intima Scope software 
(Soft Medical, Tokyo, Japan), was used to measure the 
carotid artery, and IMT measurements were 
performed by an independent, blinded central 
laboratory (Matsuo Clinic, Osaka, Japan).

IMPACT Study
The IMPACT study is  a prospective, 

randomized, multinational, open-blinded endpoint 
study, and the long-term effects of probucol or 
probucol and cilostazol with statins on the carotid 
mean intima media thickness (IMT), as well as 
cardiovascular and cerebrovascular events, were 
evaluated; this study was conducted in South Korea 
and China31). Hypercholesterolemic patients who had 
the following clinical features and did not meet the 
exclusion criteria were enrolled: age ≥ 20 years, 
chronic stable coronary disease, taking a statin, max 
IMT ≥ 1.2 mm, and LDL-C＜ 200 mg/dL. In total, 
558 patients from five South Korean and 10 Chinese 
centers were enrolled between February 2011 and 
January 2013. Ultimately, 355 participants were 
randomized to one of three groups: 1) a control group 
(received a statin), 2) a probucol group (received 
probucol 250 mg twice daily and a statin), or 3) a 
combination group (received probucol 250 mg twice 
daily and cilostazol 100 mg twice daily with a statin). 
Randomization was stratified by country and the 
maximal carotid IMT (≥ 2.0 mm or ＜2 mm). The 
planned treatment and observation duration of the 
study was 3 years.

The primary efficacy endpoint of the IMPACT 
study was a change in the mean carotid IMT at 3 
years. Biomarkers, major adverse cerebrocardiovascular 
events (MACCEs; a composite of cardiovascular-
related death, myocardial infarction, cerebral 
infarction, unstable angina or heart failure requiring 
hospitalization, or revascularization) and safety were 
secondary endpoints. The carotid IMT was measured 
at baseline and then at 1, 2, and 3 years by each 
participating faculty member of the Imaging 
Evaluation Committee using the same evaluation 
protocol and the same protocol as in the 
PROSPECTIVE study. The secondary efficacy 
endpoints were the time to a major adverse 
cerebrocardiovascular event, occurrence of MACCEs, 
changes in biomarkers, and safety. Biomarkers were 
measured at baseline and at 3 months and 3 years. 
The following biomarkers were included: total 
cholesterol, LDL-C, HDL-C, triglyceride, high-
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sensitivity C-reactive protein (hs-CRP), monocyte 
chemoattractant protein-1 (MCP-1), and oxidized 
LDL-C. Safety was evaluated by reported adverse 
events, physical examinations, laboratory tests, and 
electrocardiograms.

The modified intention to treat (ITT) group was 
planned to be used for primary efficacy analysis and 
was defined as subjects who received at least one dose 
of the study drug and had baseline and at least one 
follow-up carotid IMT measurement. Two hundred 
eighty-one patients were randomized into three 
groups. Among the modified ITT group, 102 patients 
were assigned to the control group, 92 patients to the 
probucol group and 87 patients to the combination 
group. The decrease in the mean carotid IMT was 
significantly greater in the combination group than in 
the control group at 1 year; however, there were no 
significant differences in changes in the mean carotid 
IMT between the groups at 3 years (control; -0.12±
0.36 mm vs. probucol; -0.11±0.32 mm vs. 
combination; -0.16±0.38 mm). There was no 
significant difference in the frequency of MACCEs 
between the three groups (control; 10.8% vs. 
probucol; 4.4% vs. combination; 6.9%, p=0.35). 
Probucol and cilostazol were well tolerated as long-
term treatments, without serious drug-related adverse 
reactions. This study is funded by Otsuka pharma. 
LTD. ADM Korea is a randomized center of this study.

Inclusion Criteria
Hypercholesterolemic patients who met the 

following inclusion criteria were enrolled in the study:
1) age ≥ 20 years;
2) chronic stable coronary disease (≥ 3 months);
3) receiving a statin;
4) maximal carotid IMT ≥ 1.2 mm; and
5) low-density lipoprotein (LDL) cholesterol 200 

mg/dL.

Exclusion Criteria
The exclusion criteria were as follows:
1) patients  with homozygous famil ia l 

hypercholesterolemia;
2) uncontrolled diabetes mellitus;
3) symptomatic heart failure; and
4) a prolonged QTc interval.

Safety
SAE safety was evaluated by reported adverse 

events, physical examinations, laboratory tests, and 
electrocardiograms.

Endpoints
The primary efficacy endpoint was the change in 

the carotid mean IMT at the end of the study (3-year 
follow-up or the last test during the study) from 
baseline. The carotid IMT was measured at baseline 
and then at 1, 2, and 3 years.

Secondary efficacy endpoints were as follows:
1) time to a major adverse cerebrocardiovascular 

event (MACCE; a composite of cardiovascular-related 
death, myocardial infarction, cerebral infarction, 
unstable angina or heart failure requiring 
hospitalization, or revascularization);

2) occurrence of a MACCE;
3) changes in the following biomarkers: total 

cholesterol, LDL cholesterol, HDL cholesterol, 
triglyceride, high-sensitivity C-reactive protein 
(hs-CRP), monocyte chemoattractant protein-1 
(MCP-1), and oxidized LDL cholesterol (measured at 
baseline, 3 months, and 3 years); and

4) safety: reported adverse events, physical 
examinations, laboratory tests, and electrocardiograms.

Carotid IMT Measurements
Carotid IMT measurements were performed in 

the same manner as in the PROSPECTIVE study.
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