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Reverse Vessel Remodeling But Not Coronary Plaque
Regression Could Predict Future Cardiovascular Events
in ACS Patients With Intensive Statin Therapy

— The Extended JAPAN-ACS Study —
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Background: The JAPAN-ACS study demonstrated that statins significantly reduced coronary plaque volume in patients
with acute coronary syndrome (ACS). The clinical implications of plaque regression for clinical outcomes in ACS patients
has not been established. The Extended JAPAN-ACS study was conducted to evaluate the relationship between coronary
plaque regression and long-term clinical outcome, and to explore the factors associated with cardiovascular events.

Methods and Results: Patients with intravascular ultrasound (IVUS) data at both enroliment and follow-up in the JAPAN-
ACS study were enrolled and observed for at least 3 years. Patients were divided into lesser and greater coronary plaque
regression groups. The primary endpoint was defined as a composite of the following events: cardiovascular death, non-
fatal myocardial infarction, nonfatal cerebral infarction, and unstable angina. The median value of the percent change in
plaque volume, —18.0%, was used as a cutoff point. There were 4 primary events (3.4%) in the lesser regression group,
and 2 events (1.7%) in the greater regression group (P=0.4). Cumulative secondary cardiovascular events did not differ
between the 2 groups. Multivariate analysis identified the high-density lipoprotein cholesterol (HDL-C) at baseline and the
% change of the external elastic membrane volume as independent risk factors of cardiovascular events.

Conclusions: Coronary plaque regression induced by an intensive statin regimen did not predict future cardiovas-
cular events in ACS patients. Rather, the baseline HDL-C level and reverse vessel remodeling might serve as predic-
tors for cardiovascular events. (Circ J 2012; 76: 825—-832)
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ntravascular ultrasound (IVUS) enables precise quantifi- be used to evaluate the effect of pharmacological interventions.
I cation of a patient’s coronary plaque burden. Serial volu- Indeed, several previous multicenter studies have revealed that
metric measurement of coronary plaque using IVUS can statins attenuate the progression of atherosclerosis, even cause
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Figure 1. Scheme of the Extended JAPAN-ACS Study, which included all the JAPAN-ACS cohorts who had measurable Intravas-
cular ultrasound (IVUS) data at both enrollment and follow-up. The observation period was set to at least 3 years.
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regression of plaque volume.' IVUS studies of progression-
regression of coronary atherosclerosis have been limited by the
fact that plaque progression-regression on imaging is a sur-
rogate endpoint. It is important to investigate whether the sur-
rogate endpoint (ie, imaging) predicts future cardiovascular
events. Previous IVUS studies have shown that the burden of
coronary atherosclerosis and its progression is associated with
an increased risk of adverse cardiovascular events in patients
with stable coronary artery disease (CAD).’ In the arena of
acute coronary syndrome (ACS), the ESTABLISH study® and
its extension study’ revealed that intensive lipid-lowering ther-
apy with statins resulted in coronary plaque regression, which
was associated with a lower incidence of cardiovascular events.
Therefore, it may be extrapolated that plaque regression mea-
sured by volumetric IVUS should be associated with a reduced
cardiovascular event risk. However, these studies compared
the change in plaque volume of a statin treatment group vs. a
control group. There is a possibility that the statin itself con-
tributed to the improved outcome because most cases of plaque
reduction were associated with statin administration. Because
of the absence of clear evidence from a randomized study,
there needs to be an investigation of whether there is a direct
relationship between a change in plaque and outcomes under
statin administration during the examination period.

Editorial p 809

The JAPAN-ACS study®? did not have a placebo arm; all
patients were administered intensive statin treatment. To veri-
fy a direct relationship between coronary plaque volume and
cardiovascular events of ACS patients in a multicenter set-
ting, we conducted a long-term follow-up of the JAPAN-ACS
study. In addition, we explored the factors that may influence
cardiovascular events.

Methods

Study Design
The Extended JAPAN-ACS study was designed to evaluate
the long-term clinical outcomes of patients in the JAPAN-ACS

study,®® which showed that administration of pitavastatin or
atorvastatin in patients with ACS resulted in equivalent sig-
nificant regression of coronary plaque volume. Patients who
had measurable IVUS data at both enrollment and follow-up
in the JAPAN-ACS study were enrolled in the extended study.
The patients were observed for at least 3 years from the final
visit of the JAPAN-ACS study (Figure 1). Data from blood
analysis for lipid levels and inflammatory markers were ob-
tained at the final observation in each participating center on a
regular basis.

The Extended JAPAN-ACS study was conducted according
to the “Declaration of Helsinki”, and with the approval of the
institutional review boards of all 32 participating institutions.
Written informed consent to participate was given by all of
the patients enrolled at the start of the JAPAN-ACS study, and
participation in the Extended JAPAN-ACS study was endorsed
by each patient. This study was registered at ClinicalTrials.gov
(NCT01223586).

Endpoints
The primary endpoint was the time to first occurrence of a major
cardiovascular event, defined as cardiovascular death, nonfatal
myocardial infarction (MI), nonfatal cerebral infarction (CI) or
unstable angina (UA) requiring emergency hospitalization.

Secondary endpoints were defined as follows: (1) cardiovas-
cular composite events (cardiovascular death, nonfatal MI, non-
fatal CI, UA requiring emergency hospitalization or ischemic-
driven coronary revascularization); (2) coronary heart disease
composite events (coronary heart disease death, nonfatal MI,
UA requiring emergency hospitalization or ischemic-driven
coronary revascularization); (3) cerebrovascular composite
events (fatal and nonfatal stroke, transient ischemic attack (TIA)
requiring hospitalization); (4) revascularization; (5) ischemic-
driven revascularization; (6) hospitalization for heart failure;
(7) operation for or rupture of aortic aneurysm; (8) revascular-
ization for peripheral arterial disease (PAD); (9) carotid artery
stenting (CAS) or carotid endarterectomy (CEA); (10) aortic
dissection; (11) new occurrence of malignant tumor; and (11)
all-cause mortality.

The independent Event Assessment Committee evaluated
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Table 1. Baseline Characteristics of the Patients With Acute Coronary Syndrome
Characteristic Legsrs::; ;?g:isgl)o n Gr:?;ir prt(ar?;ﬁg;on P value
Age (years)* 64.4+11.4 62.7+10.8 0.2
Male, n (%) 103 (86.6) 93 (78.2) 0.09
Diabetes, n (%) 44 (37.0) 26 (21.9) 0.01
Hypertension, n (%) 80 (67.2) 73 (61.3) 0.3
Family history of CAD, n (%) 19 (16.0) 22 (18.5) 0.6
Smoking, n (%) 59 (49.6) 55 (46.2) 0.6
BMI (kg/m2)* 24.1+3.4 24.0+£3.1 0.7
Type of ACS, n (%) 0.5
STEACS 78 (65.6) 73 (61.3)
NSTEACS 41 (34.5) 46 (38.7)
Type of stents, n (%) 0.5
DES 35 (29.4) 43 (36.1)
BMS 82 (68.9) 74 (62.2)
POBA 2(1.7) 2(1.7)
Concomitant drugs, n (%)
Pitavastatin 59 (49.6) 58 (48.7) 0.9
ACE inhibitors or ARB 93 (78.2) 89 (74.8) 0.5
B-blockers 57 (47.9) 55 (46.2) 0.8
Calcium channel blockers 25 (21.0) 19 (16.0) 0.3
Aspirin 116 (97.5) 118 (99.2) 0.3
Thienopyridinic derivatives 109 (91.6) 107 (89.9) 0.7

*Recalculated at the beginning of Extended JAPAN-ACS study.

CAD, coronary artery disease; BMI, body mass index; ACS, acute coronary syndrome; STEACS, ST-elevation acute
coronary syndrome; NSTEACS, non-STEACS; DES, drug-eluting stent; BMS, bare-metal stent; POBA, plain old
balloon angioplasty; ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker.

Table 2. Laboratory Data and IVUS Parameters at the Beginning of the Extended JAPAN-ACS Study
Lesse; :gﬂll;essmn Greategr’ :ggll;essmn P value
Laboratory data
n 119 118
LDL-C (mg/dl) 83.3+28.0 81.8+23.3 0.6
HDL-C (mg/dl) 47.7+11.6 48.0+12.9 0.8
Triglyceride (mg/dl) 129.2+80.2 120.4+61.4 0.3
hs-CRP (mg/L), median (IQR) 0.53 (0.29-1.1) 0.49 (0.30-1.1) 0.6
SBP (mmHg) 129.7+17 .1 127.1+16.8 0.2
DBP (mmHg) 72.9+11.5 74.2+13.0 0.4
IVUS parameters
n 119 119
Plaque volume (mm3) 57.0+31.5 38.9+23.5 <0.0001
% change in plaque volume* -6.6+9.4 —28.3+8.9 <0.0001
% plaque volume 47.5+10.1 41.0+10.8 <0.0001
Nominal change in % plaque volume* —2.4+4.8 -9.5+5.6 <0.0001
Normalized plaque volume (mm3) 52.7+18.0 38.9+15.5 <0.0001
Nominal change in normalized plaque volume (mm?3)* -3.6+5.6 —15.0+6.7 <0.0001
EEM volume (mms3) 118.5+56.7 93.5+50.1 0.0004
% change in EEM volume* -1.5+10.4 -11.0+10.5 <0.0001
Lumen volume (mm3) 61.4+30.4 54.6+30.4 0.08
% change in lumen volume* 4.1+18.6 8.3+22.1 0.1

*% or nominal change in IVUS parameters were values at the end of the JAPAN-ACS study, namely at the start of
the Extended JAPAN-ACS study.

IVUS, intravascular ultrasound; LDL-C, low-density lipoprotein-cholesterol; HDL-C, high-density lipoprotein-choles-
terol; hs-CRP, high sensitivity C-reactive protein; IQR, intra quartile range; SBP, systolic blood pressure; DBP, diastolic
blood pressure; EEM, external elastic membrane.

Sl conversions: To convert LDL-C, HDL-C to mmol/L, multiply by 0.0259; triglyceride to mmol/L, multiply by 0.01129.
Continuous variables are represented as mean+SD or median (IQR).
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Figure 2. Disposition of patients.

major adverse cardiac events.

IVUS Parameters

Details of the IVUS procedure and examination are document-
ed elsewhere.’ The percent change in plaque volume (PV) was
calculated as follows:

PV (follow up)—(baseline) %10
PV (baseline)

Coronary PV was calculated as the sum of the differences be-
tween the external elastic membrane (EEM) cross-sectional
area and the lumen cross-sectional area across all evaluated
frames as:

PV =% (EEMcsa—LUMENcsa).

0

Percent PV (%PV) was calculated using the following for-
mula:

2 (EEMcsa— LUMEN(Ccsa) %10
2 (EEMcsa)

Normalized PV (NPV) was calculated as:

%PV = 0

LMmep

NPV=PVx-———
LMEASURED

where Lmep=median value of observed length in all subjects
and Lmeasurep=observed length for each plaque.

Statistical Analysis
Following the descriptive statistics, comparisons of continu-
ous variables between the 2 groups were performed using a
2-sample t-test or Wilcoxon’s rank sum test, and those be-
tween the parameters at baseline and follow-up were per-
formed by 1-sample t-tests or Wilcoxon’s signed rank test
according to their distributions. Comparisons of categorical
variables between the 2 groups were performed by the chi-
square and Fisher’s exact tests where appropriate. Cumulative
incidence for clinical outcome was estimated by the Kaplan-
Meier method, and differences were assessed with the log-
rank test.

A Cox proportional hazard model was used to identify inde-
pendent risk factors. Baseline characteristics, laboratory data

and IVUS parameters were examined as potential independent
variables (Tables 1,2). Continuous variables were dichoto-
mized by median value. Because diabetes was the strongest
predictor of coronary plaque regression in the JAPAN-ACS
study,!’ we predetermined to include diabetes in the multivari-
ate Cox proportional hazard model.

The significance level was set at 5% for the 2-sided test (and
2.5% for the 1-sided test). All analyses were conducted by an
independent statistician (T. Morimoto) with the use of JMP
ver.9.0.1 and SAS software version 9.2 (SAS Institute Inc,
Cary, NC, USA).

Results

Baseline Characteristics of the Patients

The disposition of the patients in the present study is shown in
Figure 2. Among the 252 patients in the JAPAN-ACS cohort,
we could not obtain consent from 6 patients, and 8 patients
were lost to follow up, so a total of 238 patients comprised the
Extended JAPAN-ACS cohort. Participants were divided into
a lesser coronary plaque regression group or a greater regres-
sion group based on the percent change in PV in the JAPAN-
ACS study. The median value of the percent change in PV,
—18.03%, was used as a cutoff point. The median follow-up
time to the primary endpoint (intraquartile range) was 3.7 (3.5—
4.1) years in the lesser regression group and 3.8 (3.5-4.0) years
in the greater regression group.

Baseline characteristics of the lesser and greater regression
groups (each n=119) are presented in Table 1. Diabetic pa-
tients were included more frequently in the lesser regression
group than in the greater regression group (P=0.010). There
was no significant difference between groups for the other
baseline characteristics. Mean age was 64 years, 82% of pa-
tients were men and 64% were hypertensive; 63% of patients
had ST-elevation ACS, and drug-eluting stents were implant-
ed in 33% and bare-metal stents in 66%.

Laboratory Data and IVUS Parameters

Mean serum level of low-density lipoprotein cholesterol (LDL-
C) was 82.5+25.7mg/dl and 47.8+12.2 mg/dl for high-density
lipoprotein cholesterol (HDL-C). Systolic blood pressure was
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Table 3. Clinical Outcomes
Endpoint Horoup (ne119)

Primary endpoint (composite of events), n (%) 4(3.4)
Cardiovascular death, n (%) 0
Nonfatal myocardial infarction, n (%) 3(2.5)
Nonfatal cerebral infarction, n (%) 1(0.8)
Unstable angina requiring urgent hospitalization, n (%) 0

Secondary endpoints
Cardiovascular composite events, n (%)* 9 (7.6)
Coronary composite events, n (%)t 8 (6.7)
Cerebrovascular composite events, n (%)* 1(0.8)
Revascularization, n (%) 10 (8.4)
Ischemic-driven revascularization, n (%) 5(4.2)
Hospitalization for heart failure 3(2.5)
Operation for or rupture of aortic aneurysm 0
Revascularization for PAD 3(2.5)
CAS or CEA 1(0.8)
Aortic dissection 1(0.8)
New occurrence of malignant tumor 6 (5.0)
All-cause mortality 3(2.5)

Greater regression
group (n=119)

2(1.7)
0
2(1.7)
0
0

o o
Y S

SR AREN
~ BN
o =T oo m™dMuoR®TE

N © o o ©
—_——_— - = =

0
2(1.7)
1(0.8)

*Cardiovascular death, myocardial infarction, cerebral infarction, unstable angina, ischemic-driven revascularization

excect target lesion revascularization (TLR).

tCHD death, myocardial infarction, unstable angina, ischemic-driven revascularization except TLR, n (%).
*Fatal and non-fatal stroke, transient ischemic attack requiring hospitalization, n (%).

PAD, peripheral arterial disease; CAS, carotid arte

ry stenting; CEA, carotid endarterectomy.
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Figure 3. Comparison of cumulative cardiovascular event incidence between the lesser and greater plaque regression groups.
Kaplan-Meier curves for cumulative cardiovascular events in the lesser (red line) and greater (green line) plaque regression
groups. Secondary cardiovascular composite events (event number=14) were used.
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Table 4. Factors Related to Clinical Outcome
Factors HR (95%Cl)
Univariate analysis
HDL-C level at observation start (=median value: 46 mg/dl) 0.24 (0.056-0.79)
% change in EEM volume at observation start (<median value: —6.56%) 0.25 (0.056-0.79)
Diabetes 1.3 (0.40-3.79)
Multivariate analysis
HDL-C level at observation start (=median value: 46 mg/dl) 0.26 (0.058-0.83)
% change in EEM volume at observation start (<median value: —6.56%) 0.28 (0.062-0.91)
Diabetes 1.19 (0.36-3.48)
HR, hazard ratio; Cl, confidence interval; HDL-C, high-density lipoprotein-cholesterol; EEM, external elastic membrane.
A HDL-C level at observation start B Percent change in EEM volume
at observation start
— HDL-C < 46mg/dL — % change in EEM volume > -6.56%
— C> — % change in EEM volume < -6.56%
(%) HDL-C > 46mg/dL (%) 0 g 0
£1007] 20 o 1007 201
S T
907 S 90
5807 ] g
o
8 707 10 4 8 707 10+
c ] c -
o 60 o 60
ke ke
2507  °7 S 057 5
= c
7] 5 407 — o
g 40 0 T T T T T T T T 1 g _ T T T T T T T T 1
B 30 0 1 2 3 4 £ 30 % 1 2 3 4
> = —
€207 E 20 Lo =
— N g rank p=0.021 _,,_—'—'_,_
8 10 Log rank p=0.017 (3 10
; . ; — - 0 =1 T ' | I I 1
S R S L T A
Years _ Years
No. at risk No. at risk
<46 114 110 105 103 24 >-6.56 119 116 111 107 22
> 46 123 120 119 114 35 <-6.56 119 115 114 111 38
Figure 4. Effect of high-density lipoprotein cholesterol (HDL-C) and reverse vessel remodeling on cardiovascular events. (A)
Kaplan-Meier curves for cumulative cardiovascular events in patients with lower (red line) and higher (green line) HDL-C level. (B)
Kaplan-Meier curves for cumulative cardiovascular events in lesser (red line) and greater (green line) external elastic membrane
volume regression.

128.4+17.9mmHg and diastolic blood pressure was 73.5t
12.3mmHg at the start of the present study. There was no sig-
nificant difference in the laboratory data between the lesser
and greater regression groups (Table 2). Laboratory data at
final follow-up are summarized in Table S1. The relation-
ship between LDL-C or HDL-C and %PV was also examined.
There is no significant correlation between LDL-C or HDL-
C and PV.

Values for PV, %PV, NPV, EEM volume in the greater re-
gression group were siginificantly smaller than those in the
lesser regression group. The percent or nominal change of PV,
%PV, NPV, EEM volume in the greater regression group were
significantly larger than those in the lesser regression group.

On the other hand, there was no significant difference between
the 2 groups in lumen volume and its % change (Table 2).

Clinical Outcomes (Table 3)

There were 4 primary events (3.4%) in the lesser regression
group, and 2 (1.7%) in the greater regression group (P=0.4).
For the secondary endpoints, cardiovascular composite events
occurred in 9 patients (7.6%) in the lesser regression group,
and in 5 patients (4.2%) in the greater regression group. The
%PV was similar in both groups who did or did not develop
adverse events. The incidence of cumulative secondary cardio-
vascular composite events did not differ between the 2 groups
(Figure 3). We also compared the incidence of cardiovascular
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events between patients assigned to atorvastatin vs. pitavas-
tatin at enrollment in the JAPAN-ACS study. There was no
significant difference between the 2 statin groups in all patients
and the high-adherence group (Figure S1). A total of 8 other
adverse events were reported, including myalgia, edema and
gastric ulcer; however, none of these adverse events was life-
threatening.

Factors Associated With Cardiovascular Events

Factors associated with cardiovascular events were explored.
Univariable analysis revealed that factors affected on cardio-
vascular events were HDL-C level and % change in EEM
volume at the start of the Extended JAPAN-ACS study. The
multivariable Cox hazard model also identified HDL-C level
and % change in EEM volume as independent variables
(Table 4). Patients were then divided into 2 groups according
to the median value of HDL-C level and % change in EEM
volume, respectively, and the incidence of cumulative second-
ary cardiovascular composite events was compared. Patients
with a higher HDL-C level (=46 mg/dl) and greater EEM vol-
ume regression (<—6.56%) had a significantly lower incidence
of cumulative events than their counterparts (P=0.017, P=0.021,
respectively; Figure 4).

Discussion

We found that coronary plaque regression induced by an in-
tensive statin regimen could not predict future cardiovascular
events in ACS patients. It was also concluded that baseline
HDL-C level and the presence of reverse vessel remodeling
might serve as predictors for cardiovascular events.

This insight was different from the result of the Extended-
ESTABLISH study,” which reported a significant correlation
between plaque regression and cardiovascular events. We con-
sider that study designs are responsible for this discrepancy,
because the Extended-ESTABLISH study had a placebo arm
whereas all patients were under intensive statin therapy in the
current study. The fact that PV regression was observed in al-
most 88% of patients in the present study might mask the rela-
tionship between plaque regression and cardiovascular events.
This result was consistent with the lack of correlation between
the reduction in LDL-C and the regression of PV in the
JAPAN-ACS study,’ in contrast to the ESTABLISH study.®
Furthermore, these results are not unexpected given that the
event rate observed in the extended JAPAN-ACS was exceed-
ingly low, in fact almost 70% lower than the event rate of the
Extended-ESTABLISH. This result may be a consequence of
the method of statin use; in JAPAN-ACS during the trial pe-
riod all patients were treated with a statin, whereas in the
ESTABLISH study the control group participants received no
statin therapy until 6 months into the study period. These find-
ings suggest that intensive lipid-lowering therapy with statin
achieves a favorable clinical outcome in high-risk patients.

Nicholls et al also documented a direct relationship between
coronary plaque progression and future cardiovascular events
in the setting of stable CAD.* One of the potential reasons for
the inconsistency with our data might be the difference in
clinical presentation (ACS vs. stable CAD). It was also possi-
ble there were genetic, racial or ethnic differences. In addition,
a different IVUS procedure and examination may cause the
inconsistency. We evaluated a single plaque in the culprit ves-
sel whereas Nicholls et al observed the whole of a non-culprit
coronary artery.

The present study also determined that the baseline HDL-C
level and the presence of reverse vessel remodeling might serve

as predictors for cardiovascular events. Under intensive statin
therapy, so-called ‘residual risk’ might be exposed. Barter et al
documented that HDL-C levels were predictive of major car-
diovascular events in patients with LDL-C level <70mg/d].!!
Huxley et al reported from a meta-analysis that isolated low
levels of HDL-C were associated with an increased risk of
coronary heart disease.'? The present data would support the
strategy of increasing the HDL-C level of ACS patients in ad-
dition to intensive statin therapy.

Atherosclerosis influences vessel wall remodeling, with ath-
erosclerotic plaque initially growing within an outwardly ex-
panding vessel wall (positive remodeling). It is known that
positive remodeling and larger vulnerable plaque areas are as-
sociated with ACS.1314 Using integrated backscatter-IVUS (IB-
IVUS), Takeuchi et al reported that positive remodeling lesions
contain more lipid-rich and less hard plaque components than
non-positive remodeling lesions.'s Ko et al also reported that
vessel size was the most important independent predictor of
lipid content by multivariate regression analysis.!® In addition,
Hattori et al recently documented that pitavastatin 4 mg/day
induced favorable morphologic changes in plaque, with an in-
crease in fibrous cap thickness, assessed by IB-IVUS and opti-
cal coherence tomography in patients with stable CAD.!” These
reports support that reverse vessel remodeling observed at 8—10
months after ACS onset might represent coronary plaque sta-
bilization, and therefore could explain the better prognosis
observed in the present study.

Study Limitations

Sample size might not be sufficient to validate the hypothesis.
This was an inherent weakness of the design of the present
study. In addition, the numbers of cardiovascular events were
smaller than expected, especially stroke. We could not exclude
the possibility that patients whose consent was not obtained
or who were lost to follow-up might have experienced a car-
diovascular event; however, the complete follow-up rate was
relatively high (94.4%, 238/252). Patients’ characteristics or
conditions could provide alternative explanations. Relatively
younger (average 64 years) patients who have been under con-
comitant medications such as statins, antiplatelet agents or an-
tihypertensive drugs may have a lower incidence of cardiovas-
cular events. It was reported that the rate of coronary death in
Japan was almost one-quarter of that in northern Europe and in
America.'® This finding was supported by the REACH registry,
which demonstrated that Japanese patients are at low risk for
cardiovascular death, MI, or stroke compared with other re-
gions and the relative risk reduction rate was 30% for Japanese
during a 4-year follow-up." In addition, recent clinical trials
had fewer cardiovascular events than expected (annual rate of
2.5% in the placebo group), because statins were the standard
treatment in Western countries.?’ Taken together, a further
large-scale study based on precise sample size calculation is
needed to clarify the results of the current study. In addition, it
is possible that 3.5 years is too short to detect significant dif-
ferences in cardiovascular events between plaque regression
and progression, especially when all patients were treated by
statins.

In conclusion, this study demonstrated that the baseline
HDL-C level and the presence of reverse vessel remodeling, but
not coronary plaque regression, may predict future cardiovas-
cular events in ACS patients under intensive statin therapy.
Strategies to increase HDL-C or to stabilize coronary plaque, in
addition to intensive statin therapy, might provide a better prog-
nosis for Japanese ACS patients.
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