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Abstract

Aim: To determine the safety and effectiveness of CYPHER® sirolimus-eluting stent implantation in patients
with multivessel disease; and to compare outcomes against the historical results of the two arms of the
Arterial Revascularisation Therapies Study (ARTS 1).

Methods and results: ARTS Il is a 45 center, 607 patient single arm trial; thel-year outcomes were compared
to the historical controls of the ARTS | trial, using conventional and Bayesian statistical methods. Patients were
stratified by clinical site to ensure that at least one-third had 3-vessel disease to achieve the number of treat-
able lesions per patient comparable to ARTS |. Multivessel stenting was performed with sirolimus-eluting
stents according to local institutional practice with the goal of achieving complete revascularisation.

The majority of patients (53.5%) had 3-vessel disease and diabetes was present in 26.2%. Mean stented
length was 72.5mm, with 3.7 stents implanted per patient. The 1-year survival rate was 99.0%, the com-
posite of death / stroke and MI-free survival was 96.9%, freedom from revascularisation was 91.5% and
the composite endpoint of MACCE-free survival was 89.5% (the primary endpoint). Diabetic patients treat-
ed with sirolimus-eluting stents were more likely to undergo repeat revascularisation (RR 1.97, 95% Cl
1.16 - 3.34) and experience a MACCE (RR 1.85, 95% Cl 1.16 - 2.97) than non-diabetics at 1-year. In the
unadjusted comparison with the historical control arms of ARTS-I-CABG and ARTS-I-PCI, the respective
relative risks (RR) and associated 95% confidence intervals (Cl) for the endpoints were: (1) freedom from
repeat revascularisation RR 2.03 (1.23-3.34) and RR 0.44 (0.31-0.61) respectively; and (2) MACCE free
survival RR 0.89 (0.65-1.23) and RR 0.39 (0.30-0.51) respectively.

Conclusion: The low incidence of MACCE and repeat revascularisation in ARTS Il suggests that contemporary
PCI with sirolimus-eluting stents is safe and efficacious for the treatment of multivessel coronary artery disease.
Compared to the historical population of ARTS |, surgery still afforded a lower need for repeat revascularisation
although overall MACCE rates in ARTS Il approached the surgical results and were significantly better than bare
stenting in ARTS I.
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One Year Results of ARTS I/

Introduction

Restenosis and the need for repeat revascularisation remain the
major limitations of coronary angioplasty for patients with multives-
sel disease!#. Drug-eluting stents have made a major impact on the
effectiveness of percutaneous coronary interventions. The Cypher®
sirolimus-eluting stent has been shown to significantly reduce
restenosis and in-stent neointimal hyperplasia in patients with sin-
gle vessel disease®®.

Results from the randomized, multicenter Arterial Revascularisation
Therapies Study (ARTS ) showed no significant difference in terms
of death, stroke and myocardial infarction between the two groups,
an overall 17% difference in repeat revascularisation in favour of
surgery, and lower costs (US$ 2,973) at 12 months in favour of
stenting!. This was confirmed by other similar randomized trials?3.
The RAVEL and SIRIUS trials with the sirolimus-eluting stent
demonstrated a marked reduction in repeat revascularisation ver-
sus bare metal stents in patients with single vessel stenting®®, as
well as sustained efficacy and no evidence of late safety problems
out to 3 years’. The RESEARCH single-centre registry demonstrat-
ed the feasibility, safety and effectiveness of sirolimus-eluting
implantation in multivessel and complex patients®®. Against this
background, we performed the ARTS Il trial with a similar inclusion
criteria as ARTS |. The objective was to obtain information on the
sirolimus-eluting stent in multivessel disease in a population whose
baseline characteristics were to be at least of similar complexity and
comparable to ARTS [1°.

Methods
Study design

ARTS Il is a multicenter, non-randomized, open labelled, stratified
trial designed to evaluate sirolimus-eluting stent implantation in
patients with multivessel disease; with the surgical group of ARTS |
as an historical control®. After obtaining written informed consent,
the patients were enrolled via a central telephone service. In order
to obtain a population comparable to ARTS |, patients were strati-
fied by clinical site in order to ensure the inclusion of at least 1/3 of
patients with three-vessel disease. In addition, checks on the suc-
cess of matching with the historical control were performed regular-
ly during the conduct of the trial.

Patient selection

Patients were eligible for coronary revascularisation if they had either
stable angina (Canadian Cardiovascular Society class I-1V), unstable
angina (Braunwald class I-1ll B or C), or if they had silent ischemia
and at least two new lesions located in different major epicardial ves-
sels and / or their sidebranches (not including the left main coronary
artery) that were potentially amenable to stent implantation. Patients
were required to have multivessel disease with need for treatment of
the left anterior descending (LAD) artery and at least 1 other signifi-
cant lesion (>50% diameter stenosis) in another major epicardial
coronary artery. The goal was to achieve complete revascularisation.
One totally occluded major epicardial vessel or side branch could be
included. The stenosis had to be amenable to stenting using a stent
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with a diameter of 2.5 to 3.5mm and length of 13 to 33mm), without
restriction on the total implanted stent length. Decisions to place
stents in lesions with bifurcations, fresh thrombus, calcification, dif-
fuse disease, complex anatomy or stenting of side branches were left
to the discretion of the operators.

Patients with previous coronary intervention, left main coronary dis-
ease, overt congestive heart failure or a left ventricular ejection fraction
of less than 30 percent were excluded. Additional exclusion criteria
included: history of a cerebrovascular accident, transmural myocardial
infarction in the preceding week, severe hepatic or renal disease, neu-
tropenia or thrombocytopenia, an intolerance or contraindication to
acetylsalicylic acid or thienopyridines, the need for concomitant major
surgery, and life-limiting major concomitant non-cardiac diseases.
Written, informed consent was obtained from each patient prior to
enrolment. The study was approved by the ethics committee of
each participating site.

Study objectives and endpoints

The primary objective of ARTS Il is to compare the safety and effec-
tiveness of coronary stent implantation using the sirolimus-eluting
stents with that of surgery as observed in ARTS |. Endpoints are
measured in terms of major adverse cardiac and cerebrovascular
events (MACCE) at 1 year comprising all-cause death, any cere-
brovascular event, non-fatal myocardial infarction, or any repeat
revascularisation (either percutaneous or surgical).

The secondary objectives of this study are to compare the ARTS |l
patients to both arms of ARTS | with respect to: MACCE at 30 days,
6 months, 3 and 5 years; the combined end point death, myocar-
dial infarction and stroke, and the itemized outcomes death,
myocardial infarction, revascularisation procedure, stroke; resource
use at 30 days and 1 year; cost effectiveness at 1 year, and quality
of life at 6 months, and 1, 3, and 5 years.

End point definitions

Death from all causes were reported, and categorized as cardiac
unless there was documentation to the contrary. Cerebrovascular
events were divided into three main categories: stroke, transient
ischemic attacks, and reversible ischemic neurologic deficits. In the
first 7 days after the intervention, a definite diagnosis of myocardial
infarction was made if there was documentation of new abnormal Q
waves (according to the Minnesota code) and either a ratio of serum
creatine kinase MB (CK-MB) isoenzyme to total cardiac enzyme
that was greater than 0.1 or a CK-MB value that was 5 times the
upper limit of normal112 Serum creatine kinase and CK-MB
isoenzyme concentrations were measured 6, 12, and 18 hours after
the intervention. Beginning 8 days after the intervention (the length
of the hospital stay after surgery), either abnormal Q waves or enzy-
matic changes were sufficient for a diagnosis of myocardial infarc-
tion. This two-part method of defining myocardial infarction was
developed for ARTS | to address the difficulty of diagnosing a
myocardial infarction after surgery. A myocardial infarction was con-
firmed only after the relevant electrocardiograms had been ana-
lyzed by the electrocardiographic core laboratory and adjudicated
by a clinical-events committee. All repeat revascularisation proce-
dures were recorded.



End point measurement

In ARTS II, the procedure was performed within 48 hours after inclu-
sion, while in ARTS | patients were randomized after informed consent
had been obtained and then entered a waiting list, with 3 deaths in the
ARTS I-CABG arm while on the waiting list. To compensate for the tem-
poral difference since allocation between groups, events for the pres-
ent report were counted from the time of the procedure for all three
arms and not from the time of allocation as previously published!.

Statistical analysis

The sample size justification was based on the comparison of 1-year
MACCE rates in the ARTS Il patients and the ARTS | surgery
patients for the primary end point. A MACCE-free survival rate of
90.9% was assumed in the ARTS Il trial, requiring a sample size of
600 patients to guarantee a power of at least 90%.

Count variables are given as group rates and their matching 95%
confidence interval. Continuous variables are given as group
means, and the difference between groups presented with 95%
confidence intervals. Time-to-event variables are presented as
Kaplan-Meier curves. Safety data at 30 days and 1 year are present-
ed as Kaplan-Meier estimates, with relative risks and 95% confi-
dence intervals. Further analyses will be performed at 3 years with
the final analysis at 5 years.

A separate multivariate regression analysis was performed to deter-
mine independent predictors of MACCE within the ARTS Il popula-
tion only. Clinically important baseline and procedural characteris-
tics were tested on a per patient basis by univariate analysis to
determine suitability for inclusion in the multivariate model. These
variables were then entered into a stepwise logistic regression
model with entry and stay criteria of 0.20 and 0.05 respectively.

A historical controlled trial design was used for this study. Unlike the
gold standard of randomized controlled trials, historical controlled tri-
als may differ in baseline and procedural characteristics, which
potentially may affect outcome!3. In order to overcome such differ-
ences, comparative statistical methodology, using both Bayesian and
frequentist methodology, were used for the analysis of the triall®.
Bayesian methods were used to test the additional hypothesis that
the MACCE- free rate, adjusted for observed patient characteristics,
is lower in ARTS Il than in the two arms of ARTS I. A logistic regres-
sion model that incorporated the complexities of the design of each
trial and the heterogeneity between patients within a trial was fit
using Bayesian analysis (an approach well equipped for incorporat-
ing historical data in an analysis). An important feature of this
approach is that it controls for unmeasured variables that predict
MACCE in addition to observed predictors thereby facilitating com-
parisons between patients with different characteristics in different
trials. However, in order to estimate the model, data from a second
historical trial (RAVEL) needed to be included in the analysis®.

Results
Patients

Between February and November 2003, 607 patients from 45 par-
ticipating centers were treated (Figure 1). Table 1 presents their
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baseline demographic and angiographic characteristics. Patients
treated in ARTS Il were a high risk population with a mean age of
63 years, and three quarters were male. Diabetes mellitus was pres-
ent in 26% of patients and three vessel disease was present in the
majority (54%). Seven patients in ARTS Il did not receive any stents
at the index procedure (4 underwent elective CABG, 1 required
emergent CABG, 1 underwent percutaneous treatment 35 days
later and 1 remained on medical therapy). The mean number of
significant lesions per patient was 3.6+1.3 in ARTS Il and 3.7+1.5
stents were implanted with average total stented length of 73+32
mm per patient. The mean duration of the procedure was 85 min-
utes and patients were hospitalized for 3.4 days post-procedurally.
In comparison to the ARTS | population, patients in ARTS Il were sig-
nificantly older, had a significantly higher percentage of patients with
diabetes mellitus, hypertension, hypercholesterolemia and silent
ischemia and a lower percentage of current smokers or had a history
of prior myocardial infarction. ARTS Il patients were also significantly
more complex procedurally, with more three vessel disease (54% ver-
sus 30% in ARTS I-CABG and 27% in ARTS I-PCI) more significant
lesions present (3.6+1.3 versus 2.8+1.0 in ARTS |-CABG and
2.8+1.0 in ARTS I-PCl). More stents and longer total stent lengths
were implanted in ARTS Il (3.7+1.5, 73 = 32 mm) compared to ARTS
[-PCI (2.8+1.3, 48 + 22 mm respectively) At discharge, significantly
more patients were prescribed medications for the secondary preven-
tion of coronary artery disease in ARTS Il compared to ARTS .

Clinical outcomes

First 30 days (Table 2): In the ARTS Il population, the 30-day compos-
ite MACCE rate was 3.1%. There were no deaths, 1 patient suffered a
CVA and a Q-wave myocardial infarction occurred in 5 patients (0.8%);
giving a combined endpoint of death, stroke or myocardial infarction
of 1.0%. A repeat revascularisation via a percutaneous approach
occurred in 6 patients (1.0%) and bypass surgery was required in
7 (1.2%). Thrombotic stent occlusions occurred in 0.8% of patients.
This 30-day MACCE rate was significantly lower than in ARTS I-
CABG (6.3%, RR 0.50, 95% Cl 0.29-0.85) and ARTS I-PCl (9.2%,
RR 0.34, 95% CIl 0.21-0.57). The lower incidence of death, stroke
and myocardial infarction in ARTS Il was less than in the ARTS |
population (ARTS I-CABG 5.5%, RR 0.18, 95% CI 0.08-0.43) and
ARTS I-PCI 5.2%, RR 0.19, 95% CI 0.08-0.46). The incidence of
thrombotic stent occlusions was lower in ARTS Il (0.8%) versus
ARTS I-PCI (2.8%), p=0.009.

One year (Table 3 & Figures 2 and 3): At 1-year follow-up, the
Kaplan-Meier estimate of the survival free of MACCE in the ARTS Il
trial was 89.5%. Six deaths occurred (1.0%), a further 5 (0.8%) suf-
fered a stroke while 8 patients (1.3%) had a myocardial infarction,
to give a composite death, stroke or myocardial infarction rate of
3.0%. Of the 6 deaths, four were adjudicated by the events commit-
tee to be of cardiac origin, although only one occurred suddenly and
unexpectedly. The incidence of repeat revascularisation was 8.5%
at one year with 39 patients (6.4%) who required a repeat percuta-
neous procedure, while 13 patients (2.1%) underwent bypass sur-
gery in the follow-up period. The incidence of angiographically doc-
umented late stent occlusion (between 30 days and 1 year) was
0.3% (2 patients) in ARTS II.
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One Year Results of ARTS I/

Table 1. Baseline and procedural characteristics of ARTS II and ARTS I population (expressed per patient unless stated otherwise)

ARTS II ARTS I-CABG ARTS I-PCI ARTS II:I-CABG ARTS II:I-PCI
(n=607) (n=605) (n=600) Difference Difference
(95% CI) (95% CI)
Baseline characteristics
Male sex (%) 77 76 77 0.6% (-4.2%, 5.4%) -0.4% (-5.2%, 4.4%)
Age (years+SD) 63+10 61+9 61£10 1.6 (0.5, 2.7) 2.2 (1.1, 3.3)
Body mass indexSD 27.524.1  27.4%3.7 27.243.7 0.2 (-0.3, 0.6) 0.3 (-0.1, 0.8)
Risk factors
Myocardial infarction (%) 34 42 44 -7.6% (-13.0%, -2.1%) -9.9% (-15.4%, -4.4%)
Diabetes (%) 26 16 19 10.3% (5.8%, 14.9%) 7.5% (2.8%, 12.2%)
Hypertension (%) 67 45 45 22.3% (16.8%, 27.7%) 22.5% (17.1%, 28.0%)
Hypercholesterolemia (%) 74 58 58 16.3% (11.0%, 21.5%) 15.9% (10.6%, 21.2%)
Family history of MI
or sudden death <55 years 36 42 39 -6.0% (-11.5%, -0.5%) -3.2% (-8.7%, 2.2%)
Current smoker (%) 19 26 28 -6.5% (-11.2%,-1.8%) -8.7% (-13.4%, -3.9%)
Peripheral vascular disease (%) 7 5 6 1.8% (-0.9%, 4.5%) 1.4% (-1.3%, 4.2%)
Indication for treatment
Stable angina (%) 53 60 57 -6.5% (-12.0%, -0.9%) -3.6% (-9.2%, 2.0%)
Unstable angina (%) 36 35 37 1.0% (-4.4%, 6.4%) -0.9% (-6.4%, 4.5%)
Silent ischemia (%) 10 5 6 5.4% (2.4%, 8.4%) 4.5% (1.5%, 7.6%)
Angiographic characteristics
Ejection fraction (%) 60+12 60+13 61+12 0.2 (-1.6, 1.3) -0.8 (-2.20.7)
No. of lesions with stenosis >50% 3.6+1.3 2.8+1.0 2.8+1.0 0.8 (0.6, 0.9) 0.8 (0.6, 09)
No. of diseased vessels
1 0 4 4 -3.4% (-5.0%, -1.8%) -3.6% (-5.3%, -2.0%)
2 46 66 69 -20.1% (-25.6%, -14.6%) -22.4% (-27.9%, -17.0%)
3 54 30 27 23.5% (18.1%, 28.9%) 26.1% (20.7%, 31.4%)
Vessel territory with stenosis (% of lesions)
Right coronary artery 29 29 31 -0.4% (-3.3%, 2.5%) -2.1% (-5.0%, 0.9%)
Left main 0 0 0 -0.1% (-0.2%, 0.1%) -0.1% (-0.2%, 0.1%)
Left anterior descending 42 41 39 0.4% (-2.7%, 3.6%) 2.1% (-1.1%, 5.3%)
Left circumflex artery 29 29 29 0.0% (-2.9%, 3.0%) 0.0% (-2.9%, 3.0%)
Lesion length (visual) (% of lesions)
Discreet (<10mm) 61 68 66 -7.3% (-10.4%, -4.2%) 4.7% (-7.9%, -1.5%)
Tubular (10-20mm) 27 25 27 2.0% (-0.9%, 4.9%) -0.1% (-3.0%, 2.8%)
Diffuse (>20mm) 12 7 7 5.3% (3.4%, 7.2%) 4.8% (2.9%, 6.7%)
Lesion classification (% of lesions)
A 7 7 6 0.0% (-1.6%, 1.6%) 0.9% (-0.7%, 2.5%)
B1 23 31 26 -7.9% (-10.8%, -5.1%) -3.0% (-5.8%, -0.2%)
B2 56 54 60 1.9% (-1.3%, 5.1%) -3.7% (-6.9%, -0.5%)
C 14 8 8 6.0% (4.0%, 8.0%) 5.9% (3.9%, 7.8%)
Procedural characteristics
Bifurcation requiring double wiring
(% of patients) 34 32 35 2.2% (-0.9%, 5.3%) -0. 6% (-3.7%, 2.6%)
Number of stents implanted +SD 3.7¢1.5 - 2.8+1.3 - 9 (0.7, 1.0)
Total stent length (mm) 72.5+32.1 - 47.6+£21.7 - 24 9 (21.8, 28.1)
Maximum dilatation pressure (AtmzSD) 16.4+2.9 - 14.613.0 - 7 (1.4, 2.1)
Direct stenting (%) 34.6 - 3.3 - 31. 3% (29.1%, 33.6%)
Duration of procedure (mins) 85443 19367 99450 -108.2 (-114.6, -101.8) -13.6 (-18.9, -8.3)
Post procedural hospital stay (days+SD) 3.4%2.7 9.6+4.9 3.9+3.7 -6.2 (-6.6, -5.8) -0.5 (-0.9, -0.2)
Medications
Glycoprotein IIb/IIIa inhibitors
during procedure (%) 33 - - - -
Lipid lowering agents at discharge (%) 90 32 39 58.0% (53.5%, 62.4%) 51.1% (46.5%, 55.7%)
Beta blockers at discharge (%) 78 55 60 22.8% (17.6%, 28.0%) 17.7% (12.5%, 22.8%)
Angiotensin converting enzyme
inhibitors at discharge (%) 50 15 26 34.7% (29.8%, 39.6%) 24.3% (19.0%, 29.6%)
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ARTS II
607 patients

ARTS | - CABG
602 patients

ARTS | - PCI
600 patients

ARTS Il ARTS | - CABG ARTS | - PCI
Treatment Treatment Treatment
PCl — 602 CABG - 579 PCl — 593
CABG -5 PCl- 19 CABG -6
Medical therapy 4 Medical therapy 1
[ [ [
6 died 16 died 16 died

1 failed to attend

3 refused follow-up

1 failed to attend
3 lost to follow-up

2 failed to attend
1 lost to follow-up

1 lost to follow-up 3 no info
1 no info
| | |
ARTS 1l ARTS | - CABG ARTS | - PCI
Analysis Analysis Analysis
1yrFU-601 1yrFU-595 1yrFU-597
(99.0%) (98.8%) (99.5%)

Figure 1. Flow chart of ARTS Il and ARTS |.

The composite 1-year MACCE rate in ARTS Il was in the same range
as the ARTS I- CABG results (10.5% versus 11.7%, RR 0.89, 95%
Cl 0.65-1.23), with less events in the combined death, stroke or
myocardial infarction endpoint (3.0% versus 8.0%, RR 0.37, 95%
Cl 0.22-0.63) balanced by a significantly higher need for repeat
revascularisation in ARTS Il (8.5% versus 4.2%, RR 2.03, 95% Cl
1.23-3.34). Predictably, the 1-year MACCE rate in ARTS Il was
much lower than the ARTS I-PCI group (26.5%, RR 0.39, 95% Cl
0.30-0.51), driven by the higher incidence of events in all measured
endpoints. In particular, the repeat revascularisation rate in ARTS |-
PCl was 21.3% (RR 0.44, 95% Cl 0.31-0.61). Angiographically
documented late stent thrombosis was not measured in ARTS I.
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Diabetic versus non-diabetic patients

(Table 4 and Figure 4)

In the ARTS 2 population, diabetic patients had significantly higher
one year MACCE rates by Kaplan Meier estimates compared to the
non-diabetic population (15.8% versus 8.6%, RR 1.85,95% Cl 1.16-
3.34, p (logrank) <0.01). This difference was driven by the increased
need for repeat revascularisation in the diabetic population (13.4%
versus 6.8%, RR 1.97, 95% CI 1.16-3.34, p (logrank) <0.01).

Multivariate analysis (Table 5)

Multivariate analysis was performed on the ARTS Il population to
determine independent predictors of outcome in the sirolimus-elut-
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One Year Results of ARTS I/

Table 2. Clinical endpoints at one month (hierarchical and non-hierarchical MACCE up to 30 days, per patient) counted since date of procedure

MACCE ARTS II ARTS I CABG ARTS I PCI ARTS II:I-CABG ARTS II:I-PCI
Up to 30 days N=607 N=602 N=600 Relative risk Relative risk
N (%) N (%) N (%) (95% CI) (95% CI)
Hierarchical
Death 0 (0.0) 8 (1.3) 10 (1.7) - -
CVA 1(0.2) 6 (1.0) 5 (0.8) 0.17 (0.02 - 1.37) 0.20 (0.02 - 1.69)
MI 5 (0.8) 19 (3.2) 16 (2.7) 0.26 (0.10 - 0.69) 0.31 (0.11 - 0.84)
MI Q-wave 5 (0.8) 19 (3.2) 15 (2.5) 0.26 (0.10 - 0.69) 0.33 (0.12 - 0.90)
MI non-Q-wave 0 (0) 0 (0.0) 1(0.2) - -
Death / CVA / MI 6 (1.0) 33 (5.5) 31 (5.2) 0.18 (0.08 - 0.43) 0.19 (0.08 - 0.46)
(re) CABG 7 (1.2) 2 (0.3) 12 (2.0) 3.47 (0.72 - 16.64) 0.58 (0.23 - 1.45)
(re) PTCA 6 (1.0) 3 (0.5) 12 (2.0) 1.98 (0.50 - 7.89) 0.49 (0.19 - 1.31)
Any MACCE 19 (3.1) 38 (6.3) 55 (9.2) 0.50 (0.29 - 0.85) 0.34 (0.21 - 0.57)
Non-hierarchical
Death 0 (0.0) 8 (1.3) 10 (1.7) - -
CVA 1(0.2) 6 (1.0) 6 (1.0) 0.17 (0.02 - 1.37) 0.20 (0.02 - 1.69)
MI 5 (0.8) 23 (3.8) 20 (3.3) 0.22 (0.08 - 0.56) 0.31 (0.11 - 0.84)
MI Q-wave 5 (0.8) 22 (3.7) 18 (3.0) 0.23 (0.09 - 0.59) 0.33 (0.12 - 0.90)
MI non-Q-wave 0 (0.0) 1(0.2) 2 (0.3) - -
(re) CABG 8 (1.3) 2 (0.3) 17 (2.8) 3.97 (0.85 - 18.60) 0.58 (0.23 - 1.45)
(re) PTCA 7 (1.2) 3 (0.5) 19 (3.2) 2.31 (0.60 - 8.91) 0.49 (0.19 - 1.31)

Table 3. Clinical endpoints at one year (hierarchical and non-hierarchical MACCE up to 365 days, per patient) counted since date of procedure

MACCE ARTS II ARTS I CABG ARTS I PCI ARTS II:I-CABG ARTS II:I-PCI
Up to 365 days N=607 N=602 N=600 Relative risk Relative risk
N (%) N (%) N (%) (95% CI) (95% CI)
Hierarchical
Death 6 (1.0) 16 (2.7) 16 (2.7) 0.37 (0.15 - 0.94) 0.37 (0.15 - 0.94)
CVA 5 (0.8) 11 (1.8) 11 (1.8) 0.45 (0.16 - 1.29) 0.45 (0.16 - 1.29)
MI 7 (1.2) 21 (3.5) 30 (5.0) 0.33 (0.14 - 0.77) 0.23 (0.10 - 0.52)
MI Q-wave 5 (0.8) 21 (3.5) 27 (4.5) 0.24 (0.09 - 0.62) 0.18 (0.07 - 0.47)
MI non-Q-wave 2 (0.3) 0 (0) 3 (0.5) - 0.66 (0.11 - 3.93)
Death / CVA / MI 18 (3.0) 48 (8.0) 57 (9.5) 0.37 (0.22 - 0.63) 0.31 (0.19 - 0.52)
(re) CABG 12 (2.0) 4 (0.7) 28 (4.7) 2.98 (0.97 - 9.17) 0.42 (0.22 - 0.83)
(re) PCI 33 (5.4) 18 (3.0) 74 (12.3) 1.82 (1.04 - 3.19) 0.44 (0.30 - 0.65)
Any MACCE 63 (10.4) 70 (11.6) 159 (26.5) 0.89 (0.65 - 1.23) 0.39 (0.30 - 0.51)
Non-hierarchical
Death 6 (1.0) 16 (2.7) 16 (2.7) 0.37 (0.15 - 0.94) 0.37 (0.15 - 0.94)
CVA 5 (0.8) 12 (2.0) 12 (2.0) 0.41 (0.15 - 1.17) 0.41 (0.15 - 1.16)
MI 8 (1.3) 25 (4.2) 35 (5.8) 0.32 (0.14 - 0.70) 0.23 (0.11 - 0.48)
MI Q-wave 5 (0.8) 24 (4.0) 31 (5.2) 0.21 (0.0 - 0.54) 0.16 (0.06 - 0.41)
MI non-Q-wave 3 (0.5) 1(0.2) 4(0.7) 2.98 (0.31 - 28.5) 0.74 (0.17 - 3.30)
(re) CABG 13 (2.1) 5 (0.8) 40 (6.7) 2.58 (0.92 - 7.19) 0.32 (0.17 - 0.59)
(re) PTCA 39 (6.4) 21 (3.5) 9 (15.7) 1.84 (1.10 - 3.09) 0.41 (0.29 - 0.59)

ing stent population. Variables significant in the univariate analysis
were: treated lesions in the left circumflex, tubular lesions, diabetes
mellitus, current smoker, number of lesions with a stenosis greater
than 50%, Type B2/C lesions, age, and lesions with moderate to
heavy calcification. Diabetes and the presence of tubular lesions
were independently associated with adverse outcome, while
patients who were smokers at the time of intervention were associ-
ated with a better outcome.
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Bayesian statistical adjustment

Based on the logistic regression model fit using Bayesian methods, the
adjusted MACCE rate was calculated to be 8.1+£1.6% in ARTS Il versus
13.1+2.4% in ARTS I-CABG. To summarize the difference in treatment
rates between the trial, the probability given the data from both trials
that the MACCE rate in ARTS Il is lower than the MACCE rate in ARTS
| CABG was evaluated. The probability was 0.953, a value that would
enable a significant difference at the 0.05-level to be claimed.
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Figure 2. Kaplan-Meier curves out to 1 year in ARTS Il and ARTS I:
(A) Survival free; (B) Freedom from Death/CVA/MI; (C) Freedom from
repeat revascularisation.

Discussion

The main findings of this study are: (1) contemporary percutaneous
coronary intervention for complex multivessel disease using
sirolimus-eluting stents was associated with low 1-year event rates
for repeat revascularisation and overall MACCE, (2) the MACCE rate
at 1-year was in the same range as that obtained in the historical
bypass surgery arm of the ARTS | trial; (3) re-intervention rates in
this contemporary group were still higher than the historical surgi-
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Figure 3. Kaplan-Meier curves out to 1 year in ARTS Il and ARTS I:
Freedom from Major Adverse Cardiac and Cerebral Events (MACCE).

Table 4. Frequency of MACCE up to 365 days (since date of
procedure) in diabetic vs non-diabetic patients in ARTS II

MACCE ARTS II ARTS II  Diabetes: no diabetes
Up to 365 days No diabetes Diabetes Relative risk
(n=448) (n=159) (95% CI)
N (%) N (%)

Hierarchical

Death 2 (0.4) 4 (2.5) 5.64 (1.04 - 30.5)

CVA 5 (1.1) 0 (0.0) -

MI 6 (1.3) 1(0.6) 0.47 (0.06 - 3.87)
MI Q-wave 4 (0.9) 1(0.6) 0.70 (0.08 - 6.26)
MI non-Q-wave 2 (0.4) 0 (0.0) -

Death/ Stroke/ MI 13 (2.9) 5(3.1) 1.08 (0.39 - 2.99)

(re-) CABG 7 (1.6) 5 (3.1) 2.01 (0.65 - 6.25)

(re) PTCA 18 (4.0) 15 (9.4) 2.35 (1.21 - 4.55)

Any MACCE 38 (8.5) 25 (15.7) 0.92 (0.86 - 0.99)

Non-hierarchical

Death 2(0.4) 4 (2.5) 5.64 (1.04 - 30.5)

CVA 5 (1.1) 0 (0.0) -

MI 7 (1.6) 1 (0.6) 0.40 (0.05 - 3.25)
MI Q-wave 4 (0.9) 1(0.6) 0.70 (0.08 - 6.26)
MI non-Q-wave 3(0.7) 0 (0.0) -

(re-) CABG 8 (1.8) 5 (3.1) 1.76 (0.58 - 5.30)

(re) PTCA 23 (5.1) 16 (10.1) 1.96 (1.06 - 3.61)

cal cohort (4) the overall MACCE and especially re-intervention
rates in this contemporary group were markedly reduced compared
to the ARTS I-PCl arm.

The primary endpoint of this study, which was the composite end-
point of MACCE in ARTS Il, was low, occurring in 10.5% of patients,
and was within the same range as that seen with the historical sur-
gical arm of ARTS I. A lower repeat revascularisation rate was noted
in the surgically treated patients at one-year; this was balanced by
a higher incidence of death / stroke and myocardial infarction.

In the secondary comparison between the two percutaneous arms,
the significantly better MACCE rate with this contemporary PCI pop-
ulation treated with SES (ARTS II) compared to the bare stent PCI
population treated in 1997-8 was primarily due to the lower reinter-
vention rate; in spite of the higher baseline and procedural charac-
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Figure 4. Kaplan-Meier curves out to 1 year in non-diabetic versus
diabetic patients in the ARTS Il arm: (A) Repeat revascularisation, (B)
MACCE (Black represents No Diabetes, grey represents Diabetes).

Table 5. Independent predictors of MACCE in the ARTS II group

Multivariate predictors 95% Confidence

of MACCE at 365 days  0dds Ratio Interval P-Value
Current smoker 0.36 0.14-0.93 0.035
# Tubular lesions (10 - 20 mm) 1.39 1.06-1.83 0.019
Diabetes Mellitus 1.76 1.02-3.06 0.044

teristic risk profile. Indeed, statistical analyses that adjusted for the
independent predictors of outcome tended to find wider differences
between the studies than unadjusted analyses. The incidence of
stent thrombosis in the first month, as a surrogate for the acute
safety profile of sirolimus-eluting stents in multivessel disease
occurred in 0.8% despite increases in complexity and total stented
length, compared with 2.8% in the bare stent arm of ARTS |-PClI
confirming its safety in contemporary settings.

Within the ARTS Il population, diabetic patients experienced a
higher MACCE rate than non-diabetic patients, driven by an almost
2-fold increased need for repeat revascularisation in the first year, a
finding confirmed by the multivariate analysis. Although event rates
are markedly reduced compared to what has been seen with bare
metal stents, diabetic patients continue to remain more resistant to
the beneficial effects of sirolimus-eluting stents than non-diabetic
patients. This phenomenon requires further investigation.
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This present study was designed to determine whether the findings of
the randomized trials with the sirolimus-eluting stent in single vessels
could be extended to multivessel stenting. While a randomized trial
design was always the preferred option, financial circumstances at the
time of trial design dictated that only a single arm could be funded for
such a study. This trial was thus seen as an intermediate step towards
a full-fledged randomized trial with the original intention of a non-infe-
riority comparison using a historical control as stated in the protocol®.
The use of historical controls, as opposed to a randomized control
is the subject of debate!®14. Randomized controlled trials, by virtue
of their experimental design, provide a reliably unbiased estimate of
treatment effects!3. Historical controlled trials, on the other hand,
suffer from a selection bias and of systemic differences in outcomes
that may not be due to the treatment itself. Sacks found that this
type of trial design over-estimated the treatment effect!®. However,
in two recent studies that compared both trial designs, no difference
in treatment effect was seenl®1’. Importantly, trials, both random-
ized and observational for a particular topic must be collectively and
not individually examined to determine the accuracy in their
results’*. Hence, well designed historical controlled trials with
appropriate matching, stratification and adjustment can be suc-
cessfully used to guide the development of new trials.

Although arithmetically possible, the non-inferiority comparison
between groups was replaced with descriptive comparisons due to the
lack of randomisation coupled with concerns that the performance of
the CABG group would have been better if assessed in the current envi-
ronment as opposed to 5 years ago. The historical rates of ARTS | are
thus viewed as standards against which the ARTS |l study is compared.
The low event rates, including that of stent thrombosis noted in this
study as compared to ARTS | may in part be explained by the more
contemporary percutaneous coronary intervention methods used.
Specifically, the use of lower profile and more easily deliverable
devices may have resulted in less vessel trauma, a shorter procedure
time; more comprehensive diseased vessel coverage with stents;
and adjunctive glycoprotein Ilb/llla inhibitor and/or intravascular
ultrasound use may have contributed to the results. In addition, bet-
ter secondary prevention practices, such as the more frequent use
of lipid lowering agents, beta-blockers, and angiotensin-converting
enzyme inhibitors may have contributed an added beneficial effect.
Although the anti-restenotic effects of sirolimus-eluting stents are
incontrovertible, one is unable to completely attribute the treatment
effect to the device alone due to the non-randomized study design.
The role of complex multivessel stenting with drug-eluting stents will
be addressed in two major randomized trials: FREEDOM and SYN-
TAX. The former will randomize 2400 patients with diabetes and
multivessel disease to bypass surgery or drug-eluting stenting using
approved devices, currently sirolimus-eluting and paclitaxel-eluting
stents; while SYNTAX will randomize 1500 patients with 3-vessel or
left-main disease to bypass surgery or paclitaxel-eluting stents.
Nested preference registries are an added feature of both trials.

Study limitations

The results observed in this study require the following caveats in
addition to those already mentioned. First, a five year time lag exists
between the groups that are being compared. Both technology and



medical practice have improved with time, as have surgical mortal-
ity rates'®1°. Second, this study is non-randomized and thus the
groups are not directly comparable, precluding a formal non-inferi-
ority comparison. Furthermore, statistical adjustment was required
to correct for the differences versus the historical control group, of
which two methods of statistical analysis, namely frequentist and
Bayesian, were performed in order to present robust results. Thirdly,
while the protocol required that the lesions in ARTS Il be potential-
ly treatable by CABG, the absence of dialogue with the surgeons
prior to intervention may have caused a selection bias. However,
this is not obvious based on patients actually enrolled in the study
since those enrolled in ARTS Il were more complex than those
enrolled in ARTS I. Finally, the results of the primary endpoint are
reported for the one year timepoint only. While encouraging, the effi-
cacy of sirolimus-eluting stents in the treatment of multivessel dis-
ease can only be definitively evaluated when long- term results
become available in the future.
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