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Abstract

Aims: Age is an important determinant of outcomes in patients treated with percutaneous coronary interven-
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tion (PCI). This report from the randomised multicentre SPIRIT III trial compares the outcomes in elderly

¢ everolimus-eluting
stent

¢ paclitaxel-eluting
stent

*PCI

o elderly

and younger patients treated with everolimus-eluting stent (EES) versus paclitaxel-eluting stent (PES).

Methods and results: A total of 1,002 patients with stable or unstable angina or inducible ischaemia under-
going PCI were randomised in a 2:1 ratio to receive EES or PES. Outcomes were examined across the ran-
domised groups as a function of age and stent type. Patients >65 years of age (elderly) treated with EES vs.
PES had lower in-segment late lumen loss (0.11+0.32 mm vs. 0.38+0.55 mm, respectively, p=0.0002) and
lower rates of binary in-segment restenosis (3.4% vs. 15.5%, p = 0.004) at eight months, along with a 48%
lower incidence of 3-year target vessel failure (TVF=cardiac death, myocardial infarction and ischaemia-
driven target vessel revascularisation [TVR]; 10.8% vs. 20.8%, p=0.009), mainly due to a lower incidence of
TVR (5.4% vs. 9.2%, p=0.20). Among EES patients, elderly compared to younger patients had comparable
rates of binary in-segment restenosis (3.4% vs. 5.6%, p=0.44) at eight months but paradoxically lower rates
of TVF (10.8% vs. 17.1%, p=0.03) at three years. Among PES patients, elderly compared to younger patients
had a higher rate of binary in-segment restenosis (15.5% vs. 3.4%, p=0.01) at eight months and no difference
in the rate of 3-year TVF (20.8% vs. 19.4%, p=0.77) .There was a significant interaction between stent
assignment, age >65 years and 8-month angiographic in-segment late loss (p=0.001).

Conclusions: Implantation of both EES and PES appeared to be safe in elderly patients, however EES com-
pared to PES was more effective due to enhanced 3-year MACE- and TVF-free outcomes. Further research

should clarify age-specific mechanisms of neointimal response after treatment with drug-eluting stents.
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Introduction
Developed nations are facing a transition in demographics in which
the proportion of the population over the age of 65 will double in
the next few decades.!? Elderly patients have a high prevalence of
cardiovascular disease, with approximately 25% of the population
older than 65 years of age exhibiting symptomatic cardiovascular
disease accounting for most hospital admissions.’> As part of the
aging process, coronary arteries in the elderly are prone to exces-
sive tortuosity, calcification, aneurysmal dilation, and endothelial
dysfunction.*¢

A significant proportion of the elderly population requires percu-
taneous coronary intervention (PCI), and although drug-eluting
stents (DES) are now widely used in all age groups, the clinical and
vascular responses to DES as a function of age have been incom-
pletely characterised. In the large-scale, prospective randomised
SPIRIT III trial, an everolimus-eluting stent (EES) compared with
a paclitaxel-eluting stent (PES) resulted in reduced angiographic
late loss, non-inferior rates of target vessel failure (TVF), and fewer
major adverse cardiac events (MACE) during one and two years of
follow-up.”® This report examines the effect of age on 3-year clini-
cal outcomes in patients undergoing PCI using EES versus PES in
the SPIRIT III trial.

Methods

The SPIRIT III protocol, inclusion and exclusion criteria, and prin-
cipal results have been reported.”® Briefly, 1,002 patients with sta-
ble or unstable angina or inducible ischaemia undergoing PCI for
<2 de novo lesions <28 mm in length and reference vessel diameter
2.5-3.75 mm in a native coronary artery were randomised in a 2:1
ratio to receive the polymer-based everolimus-eluting stent
(XIENCE V®; Abbott Vascular, Santa Clara, CA, USA) or the pol-
ymer-based paclitaxel-eluting stent (TAXUS® Express2; Boston
Scientific, Natick, MA, USA). Other inclusion and exclusion crite-
ria, as well as the stent implantation protocol have been previously
described.”®

Clinical follow-up was performed at 30 days, 180 days, 240
days, 270 days, one year, and then yearly to five years. Data are
currently available to three years. The primary endpoint was in-
segment late loss at 240 days. The co-primary endpoint was
ischaemia-driven TVF at 270 days, defined as the composite of
cardiac death (death in which a cardiac cause could not be
excluded), myocardial infarction (MI) (Q-wave or non—Q-wave),
and ischaemia-driven target vessel revascularisation (TVR) by
either PCI or bypass graft surgery. Target vessel (or lesion) revas-
cularisation was considered to be ischaemia-driven if associated
with a positive functional study result of >50% diameter stenosis
by core laboratory quantitative analysis with ischaemic symp-
toms, or >70% diameter stenosis with or without documented
ischaemia. An additional pre-specified secondary endpoint
included MACE at nine months and one year, defined as the com-
posite of cardiac death, MI, or ischaemia-driven target lesion
revascularisation (TLR). Definitions of other clinical endpoints
have been previously described.” Events were adjudicated by an
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independent clinical events committee. A second clinical events
committee blinded to randomisation performed a post hoc adjudi-
cation of stent thrombosis using the Academic Research
Consortium (ARC) definitions.” Angiographic follow-up was pre-
specified at eight months in 564 patients and completed in 436
patients. Outcomes were examined across the randomised groups
as a function of age and stent type. The Medicare eligible age (65
years) was used as a cut-off for analysing clinical outcomes for
the elderly population.

Statistical analysis

Categorical variables were compared with the Fisher exact test. Con-
tinuous variables are presented as means £SD, and were compared
using the Wilcoxon two-sample test. All analyses were performed in
the intent-to treat population. Follow-up outcomes were estimated by
the Kaplan-Meier method and compared by log-rank test.

Results

Among a total of 1,002 patients enrolled at 65 US sites between
June 22, 2005 and March 15, 2006 in the SPIRIT III trial, 434
patients were 65 years of age or older representing the study popu-
lation (elderly). A total of 293 and 141 patients >65 years of age
were assigned to receive EES and PES, respectively. The mean age
of the study population was 72.9+5.7 years, 60.8% were male, and
31.9% had diabetes mellitus. The indication for PCI was stable
angina in approximately half of the patients (50.4%). The majority
of patients (61.8%) had single vessel disease, and the target lesion
was in the left anterior descending artery in 42.0% of patients.
Mean reference vessel diameter (RVD) was 2.78+0.47 mm and
mean lesion length was 14.5+5.7 mm.

As shown in Table 1, baseline clinical and angiographic charac-
teristics were well matched between patients >65 years of age
assigned to EES or PES, apart from a higher prevalence of previous
coronary artery bypass grafting in EES patients.

Procedural results and angiographic outcomes

Lesion length, post-procedural minimal lumen diameter, percent
diameter stenosis, and acute gain were similar among EES and PES
treatment arms (Table 2). At 8-month angiographic follow-up
obtained in 146 EES patients and in 71 PES patients, treatment with
EES was associated with significantly lower in-segment late lumen
loss, and significantly lower rates of binary angiographic in-stent

restenosis and in-segment restenosis (Table 3).

Clinical outcomes in patients >65 years of age

Among the elderly group, clinical follow-up for EES and PES
patients was 97.9% and 97.2% at one year, and 94.9% and 92.2% at
three years. As shown in Tahle 4, at one year, elderly patients
treated with EES had similar rates of all-cause mortality, cardiac
mortality and myocardial infarction but significantly lower rates of
MACE and TVF apparently due to lower rates of TVR and TLR.
These differences in MACE and TVF persisted at 2- and 3-year
follow-up (Figures 1 A and B). Protocol-defined ST occurred within
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Table 2. Angiographic characteristics at baseline and post
procedure.

Table 1. Baseline demographics.

Patients >65 years of age n=434

Characteristic

EES n=293

PES n=141

p-value

Patients >65 years of age n=434

Characteristic
Age, mean +SD (years) 72.97+£5.83(293) | 72.71+5.38 (141) 0.64 EES n=293 PES n=141
Male 61.8% (181/293) | 58.9% (83/141) 0.60 Number of diseased vessels
Diabetes mellitus 33.8% (99/293) 27.9% (39/140) 0.23 One 62.1% (182/293) | 61.0% (86/141) 0.83
Requiring insulin 9.2% (21/293) 5.0% (7/140) 0.18 Two 25.6% (75/293) 27.0% (38/141) 0.82
Current smoker 9.0% (26/289) 9.6% (13/136) 0.86 Three 12.3% (36/293) 11.3% (16/141) 0.88
Hypertension requiring 0 o Target coronary arte
s i 80.9% (237/293) | 79.4% (112/141) | 0.80 g ry artery
U Left anterior descending | 42.9% (143/333) | 40.0% (66/165) 0.56
ypercholesterolaemia o o
o S 78.3% (221/290 74.8% (104/139 0.46
requiring medication ( ) ( ) Circumflex or ramus 27.3% (91/333) 29.1% (48/165) 0.67
Family history of coronary | ¢ e/ (107/035) | 42.9% (46/109) | 0.64 Right 29.7% (99/333) | 30.3% (50/165) | 0.92
artery disease
Left main 0.0% (0/333) 0.6% (1/165) 0.33
Stable angina 52.3% (150/287) | 46.4% (64/138) 0.30
P—— | Pre-procedure
anadian Cardiovascular
. 23.3% (67/287) 17.4% (24/138) 0.17 .
Society Class Il/IV Reference vessel diameter
i 2.77+0.46 (333) | 2.79+0.48 (165) | 0.71
Unstable angina 20.9% (60/287) 25.4% (35/138) 0.32
Minimal luminal diameter
Prior myocardial infarction | 21.0% (60/286) | 17.4% (24/138) | 0.44 (mm) 0.84+041(333) | 0.85+039(165) | 0.93
Prior PCI 32.3% (94/291) 29.8% (42/141) 0.66 Diameter stenosis (%) 69.46+12.67 (333) | 68.76+13.29 (165) | 0.57
Prior CABG 9.6% (28/291) 3.5% (5/141) 0.03 Lesion length (mm) 14.28+5.52 (333) | 14.89+6.03 (164) | 0.27
EES: everolimus-eluting stent; PES: paclitaxel-eluting stent TIMI flow (%)
0/1 1.5% (5/333) 0.6% (1/165) 0.67
2 3.6% (12/333) 3.0% (5/165) 1.00
three years in two patients treated with EES and two patients treated 3 94.9% (316/333) | 96.4% (159/165) 0.65
with PES (Table 5). Definite or probable ST by ARC definition Lesion type
occurred in four patients in the EES arm (early ST in two patients, VBl 42.2% (140/332) | 36.2% (59/163) 0.21
and late and very late ST each in one patient) and none of the
patients in the PES arm. B2/C 57.8% (192/332) | 63.8% (104/163) | 0.21
Thrombus 3.0% (10/333) 1.2% (2/165) 0.35
Outcomes in patients >65 years of age vs. <65 Calcification 304% (101/332) | 24.2% (40/165) | 017
years of age —
Elderly compared with younger patients were more frequently Eccentric lesion 19.8% (66/333) 26.1% (43/165 0.13
females (39.2% vs. 25.4%, p<0.0001) and less frequently smokers Post-procedure
(9.2% vs. 33.6%, p<0.0001), and had higher prevalence of hyper- ;
: - N : Reforence vessel diameter |, 1,047 (333) | 2.86:048(162) | 0.71
tension (80.4% vs. 71.7%, p=0.002) and hypercholesterolaemia (mm)
(77.2% vs. 70.5%, p=0.02) along with a trend toward higher preva- iafiiel il dlemses
lence of diabetes mellitus (31.9% vs. 26.9%, p=0.09). Other clinical (mm) 236:048(333) | 23820.48(162) | 0.57
as well as angiographic and procedural characteristics were close Diameter stenosis (%) 13.09+7.20 (333) 14.08+7.08 (162) 0.15
between the two age groups. As shown in Figure 2, elderly com- TV low (%
pared with younger patients had no significant differences in rates i
of 1-year and 3-year cardiac mortality, MI, TLR, TVR, MACE, and 0/1 0.0% (0/333) 0.6% (1/162) 0.33
TVE. Similarly, incidence of stent thrombosis did not differ signifi- 23 100.0% (333/333) | 99.4% (161/162) 033
cantly as a function of age at any of the study endpoints. The overall o
. . Acute gain (in-stent) 1.87+0.47 (331) 1.92+0.46 (162) 0.27
3-year rates of stent thrombosis in elderly vs. younger patients were
1.0% vs. 1.4% (p=0.76), respectively, by protocol definition, and Acute gain (in-segment) 151+051(333) | 1.54+051(162) | 0.57
1.0% vs. 1.7% (p=0.41) by ARC definition of definite/probable EES: everolimus-eluting stent; PES: paclitaxel-eluting stent; TIMI: thromboslysis in
. myocardial infarction
stent thrombosis.
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Table 3. Angiographic characteristics at 8-month follow-up.

Characteristic

Patients >65 years of age with
angiographic follow-up n=250

EES n=163

Table 4. Clinical outcomes through 3-year follow-up.

Outcomes

Age >65 years

EES

n=293 patients

PES

n=141 patients

Reference vessel diameter 2.78+0.43 (146) 2.78+0.45(71) | 0.96 At 1 year
(mm)
Major adverse cardiac event 4.9% (14/288) 12.4% (17/137) 0.009
Minimal luminal diameter (mm)
Ischaemic target vessel failure 6.3% (18/288) 14.6% (20/137) 0.006
In-stent 2.58+0.52 (146) 2.34+0.77 (71) | 0.02
All-cause death 1.4% (4/290) 2.2% (3/138) 0.69
In-segment 2.26+0.50 (146) 2.02+0.71(71) | 0.01
- ; Cardiac death 0.3% (1/290) 1.4% (2/138) 0.24
Diameter stenosis (%) :
In-stent 5.77+16.54 (146) | 12.6727.63(71) | 0.055 Non cardiac deatt R | e | o
[ — 18.0512.63 (146) | 25.76+19.95 (71) | 0.004 Myocardial infarction 2.4% (1/288) 3.6% (5/137) 0.53
Late loss (mm) Q-wave 0.0% (0/288) 0.0% (0/137) -
In-stent 015:0.37(146) | 0.45:x0.68(71) | 0.0008 Mot BRI | slbe i ] 0
In-segment 0.11:032(146) | 0.38:055(7) | 0.0002 Ischaemic TLR 24%(i288) | 73% 00437 | 003
Binary restenosis Ischaemic TVR 2.1% (6/288) 5.8% (8/137) 0.08
In-stent 2.7% (4/146) 12.7% (9/71) 0.01 At3 years
In-segment 3.4% (5/146) 15.5% (11/71) 0.004 Major adverse cardiac event 1.9% (22/278) 15.4% (20/130) 0.024
EES: everolimus-eluting stent; PES: paclitaxel-eluting stent Ischaemic target vessel failure 10.8% (30/278) 20.8% (27/130) 0.009
All-cause death 3.9% (11/284) 7.4% (10/135) 0.15
A 307 — gEs Cardiac death 1.4% (4/284) 3.0% (4/135) 0.28
wl HE oyear R 0. oDy a aoil Non cardiac death 2.5% (1/284) 44% (6/135) | 037
o =0.02
e e e Myocardial infarction 32%(91278) | 46%(6/130) | 057
3 20 e :
& =0l Q-wave 0.0% (0/278) |  0.0% (0/130) =
£ 15 . 13.8% 14.6%
= 12.3_/3____‘_________'__"___1 ---------- Non-Q-wave 3.2% (9/278) 4.6% (6/130) 0.57
S 10l ;'"M » AT.9% 16.9% Target lesion revascularisation|  4.0% (11/278) | 7.7% (10/130) | 0.15
rl 5% )
5 ___-'l 1.1% Target vessel revascularisation| ~ 5.4% (15/278) 9.2% (12/130) 0.20
. -
- 4.8% 3.9% EES: everolimus-eluting stent; PES: paclitaxel-eluting stent; major adverse cardiac
0 event: cardiac death, myocardial infarction, and target lesion revascularisation;
0 3 6 9 12 15 5.CA® 7 2 B % target vessel failure: cardiac death, myocardial infarction, and ischaemic target
No. at risk Time post-index procedure (months) vessel revascularisation

EES 293 285 283 278 272 269 269 267 262 260 258 257 256

PES 141 133 130 121 119 116 114 114 113 113 111 111 110
B %7 —ees 3.year HR
""" PES 2-year HR  0.4910.29, 0.83]
57 1-year HR 0.43[0.25,0.75]  p=0.007
< 204 SSURE 183% - e
E 14.5% oo T
S 15+ P £9.3%
5 H £10.3%
& 104 1 A83%
5 10.5%
I 8.0%
o= 6.2%
0 T T T T T T T T T T

T T
0 3 6 9 12 15 18 21 24 27 30 33 36
No. at risk Time post-index procedure (months)

EES 293 284 281 274 268 265 265 262 256 254 252 250 248
PES 141 132 129 118 116 113 111 110 107 107 105 105 103

Figure 1. Cumulative estimated incidence of major adverse cardiac
events (MACE) (A) and target vessel failure (TVF) (B) at three years
for patients >65 years of age treated with EES vs. PES.
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Table 5. Stent thrombosis through 3-year follow-up.

Age >65 years
EES n=293 PES n=141
Stent thrombosis, protocol definition | 0.7% (2/274) 1.6% (2/126) | 0.59
Early (up to 30 days) 0.7% (2/292) | 0.0% (0/139) | 1.00
Late (31 days to 1 year) 0.0% (0/286) | 0.7% (1/135) | 0.32
Very late (>1 to 3 years) 0.0% (0/273) | 0.8% (1/126) | 0.32
ARC definite or probable, all 1.4% (4/276) | 0.0% (0/125) | 0.31
Early (up to 30 days) 0.7% (2/292) | 0.0% (0/139) | 1.00
Late (31 days to 1 year) 0.3% (1/287) | 0.0% (1/135) | 1.00
Very late (>1 to 3 years) 0.4% (1/274) | 0.0% (0/125) | 1.00
ARC definite, all 0.7% (2/276) | 0.0% (0/125) | 1.00
ARC probable, all 0.7% (2/276) | 0.0% (0/125) | 1.00
EES: everolimus-eluting stent; PES: paclitaxel-eluting stent
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Figure 2. Clinical outcomes of patients younger than 65 years (grey
bars) versus patients 65 years of age or older (ved bars) at one year
and at three years. TVR is non-target lesion.

Among patients assigned to angiographic follow-up in the EES
arm, elderly as opposed to younger patients had a comparable mag-
nitude of angiographic late loss (0.11£0.32 mm vs. 0.16+0.44 mm,
p=0.22) and rates of binary in-stent (2.7% vs. 2.0%, p=0.73) and
in-segment restenosis (3.4% vs. 5.6%, p=0.44). Among patients
assigned to angiographic follow-up in the PES arm, elderly patients
had significantly higher rates of angiographic late loss
(0.38+0.17 mm vs. 0.17+0.35 mm, p=0.006) along with signifi-
cantly higher rates of binary in-stent (12.7% vs. 0.0%, p=0.0006)
and in-segment restenosis (15.5% vs. 3.4%, p=0.01) compared to
younger patients.

Discussion

This sub-study from the SPIRIT III randomised trial is the first
systematic analysis of outcomes in elderly patients treated with
different DES with latest follow-up covering more than 90% of
the patients at 3 years. The key findings from this analysis are: 1)
implantation of both EES and PES in elderly was safe, without
increased rates of cardiac death or MI; 2) implantation of EES vs.
PES in elderly resulted in a significant decline in late loss and
lower incidence of binary angiographic restenosis and translated
into a significant reduction in rates of TLR and TVR as well as
enhanced 3-year MACE and TVF-free survival; 3) 8-month angi-

Everolimus-eluting stents in the elderly

ographic and 3-year clinical outcomes did not differ significantly
as a function of age after the implantation of EES, while implanta-
tion of PES in elderly as opposed to younger patients was associ-
ated with significantly increased late loss and rates of binary
angiographic restenosis within stent and within segment. Alexan-
der et al. have shown that the use of certain therapies within
elderly populations was lower in spite of the fact that ACC/AHA
guidelines do not differ based on the age of the patient.!"” The
3-year results from the SPIRIT III clinical trial underscore the
safety and efficacy of the EES for treatment of coronary artery
disease in the elderly and reinforce the use of PCI as a therapeutic
alternative for older patients.

Age is an important determinant of outcomes in patients treated
with PCI. In the early coronary angioplasty series, older age was
associated with lower procedural success.!'"* Since the advent of
stents, procedural success was no more related to the age exceeding
90% in any age group.'>' In this analysis, patients >65 years of age
represented 43.3% of the study population. Elderly patients gener-
ally suffer from a predisposition to higher incidences of multivessel
disease, lower left ventricle function, and further complications
including renal insufficiency. Because of these factors, older popu-
lations are typically less represented in clinical trials, and therefore
the risks and benefits of stent implantation in the elderly are not
well-characterised. Here we show that despite a higher prevalence
of comorbidities, similar early adverse outcomes using either EES
or PES were observed in elderly compared to younger patients,
with low rates of mortality, MI, ischaemic TVR, and TVF at
30 days, confirming early safety of PCI in elderly patients. Incidence
of 3-year cardiac mortality, MI and stent thrombosis were low
regardless of age without significant differences between elderly
and younger patients, providing further evidence of the long-term
safety of DES.

Despite the fact that a significant percentage of patients
treated with a DES are elderly, no targeted assessment of late
outcomes including rates of restenosis and repeat revascularisa-
tion after PCI has been reported in this patient subset. Scant and
inconsistent data are available from several retrospective series
lacking systematic follow-up. In the retrospective series by De
Gregorio et al,'® higher rates of angiographic restenosis after
implantation of bare metal stents were observed in elderly
patients (>75 years) compared with younger patients (47% vs.
28%; p=0.0007), while in the series by Mufioz et al,'® rates of
angiographic restenosis did not differ significantly between
these age groups (21% vs. 28%). Among 9,868 Medicare benefi-
ciaries >65 years of age treated with PCI in 1998, clinically sig-
nificant restenosis was discovered in >14% of the patients within
the first year after PCL." In most reports, rates of TLR were not
found to be related to age.!>!>1618

In agreement with the overall results of the SPIRIT III trial,
implantation of EES as opposed to PES in elderly patients >65
years of age was associated with significant reductions in neoin-
timal tissue proliferation and restenosis rates translating into a
significant reduction of TLR and TVR. There was a 48% reduc-
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tion in TVF and 49% reduction in MACE at three years in
elderly patients. Surprisingly, the reduction in late loss seen with
EES as compared to PES was confined to elderly patients, while
no significant differences in angiographic and clinical outcomes
were observed between the two stents in younger patients. With
PES treatment, however, elderly patients had significantly
increased rates of late loss and binary angiographic restenosis,
with comparable rates of revascularisation at three years. There
was a significant interaction for in-segment late loss, older age,
and stent type. The nature of this finding is not clear at this time
and requires further research to clarify whether there is an age-
specific mechanism of neointimal response after treatment with
DES.

In conclusion, the current analysis of outcomes from the SPIRIT
III trial through three years suggests that the use of EES and PES
was safe in elderly patients while greater efficacy was achieved
using EES as assessed by significant reductions in 3-year rates of
MACE and TVF.

Limitations

This post hoc analysis was not pre-specified in the original trial
design, and thus has inherent limitations. The number of elderly in
this study makes it underpowered to detect small differences
between the groups in low-rate events such as death and stent
thrombosis. Patients with complex clinical and angiographic char-
acteristics were excluded from the SPIRIT III trial, and therefore
data of'this analysis cannot be extrapolated to the entire spectrum of
patients with coronary artery disease requiring coronary revascu-
larisation. Finally, the observed in SPIRIT III relationship between
age, different DES types and angiographic restenosis has not been
previously described, and should therefore be confirmed in addi-
tional studies.
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