
 

n engl j med 

 

350;3

 

www.nejm.org january 

 

15, 2004

 

221

 

The

 

 new england

journal 

 

of

 

 medicine

 

established in 1812

 

january

 

 

 

15

 

, 

 

2004

 

vol. 350 no. 3 

 

A Polymer-Based, Paclitaxel-Eluting Stent in Patients 
with Coronary Artery Disease

 

Gregg W. Stone, M.D., Stephen G. Ellis, M.D., David A. Cox, M.D., James Hermiller, M.D., 
Charles O’Shaughnessy, M.D., James Tift Mann, M.D., Mark Turco, M.D., Ronald Caputo, M.D., Patrick Bergin, M.D., 

Joel Greenberg, M.D., Jeffrey J. Popma, M.D., and Mary E. Russell, M.D., for the TAXUS-IV Investigators*

abstract

 

From the Cardiovascular Research Foun-
dation and Lenox Hill Heart and Vascular
Institute, New York (G.W.S.); the Cleve-
land Clinic Foundation, Cleveland (S.G.E.);
Mid Carolina Cardiology, Charlotte, N.C.
(D.A.C.); St. Vincent’s Hospital, Indianapo-
lis (J.H.); Elyria Memorial Hospital, Elyria,
Ohio (C.O.); WakeMed, Raleigh, N.C.
(J.T.M.); Washington Adventist Hospital,
Tacoma Park, Md. (M.T.); St. Joseph’s Hos-
pital, Syracuse, N.Y. (R.C.); Sacred Heart
Medical Center, Eugene, Oreg. (P.B.); Flor-
ida Hospital, Orlando (J.G.); Brigham and
Women’s Hospital, Boston (J.J.P.); and Bos-
ton Scientific, Natick, Mass. (M.E.R.). Ad-
dress reprint requests to Dr. Stone at the
Cardiovascular Research Foundation, 55 E.
59th St., 6th Fl., New York, NY 10022, or at
gstone@crf.org.

*The investigators, research coordina-
tors, and institutions participating in the
TAXUS-IV Trial appear in the Appendix.

N Engl J Med 2004;350:221-31.

 

Copyright © 2004 Massachusetts Medical Society.

 

background

 

Restenosis after coronary stenting necessitates repeated percutaneous or surgical revas-
cularization procedures. The delivery of paclitaxel to the site of vascular injury may reduce
the incidence of neointimal hyperplasia and restenosis.

 

methods

 

At 73 U.S. centers, we enrolled 1314 patients who were receiving a stent in a single, pre-
viously untreated coronary-artery stenosis (vessel diameter, 2.5 to 3.75 mm; lesion
length, 10 to 28 mm) in a prospective, randomized, double-blind study. A total of 652
patients were randomly assigned to receive a bare-metal stent, and 662 to receive an
identical-appearing, slow-release, polymer-based, paclitaxel-eluting stent. Angiograph-
ic follow-up was prespecified at nine months in 732 patients.

 

results

 

In terms of base-line characteristics, the two groups were well matched. Diabetes mellitus
was present in 24.2 percent of patients; the mean reference-vessel diameter was 2.75 mm,
and the mean lesion length was 13.4 mm. A mean of 1.08 stents (length, 21.8 mm) were
implanted per patient. The rate of ischemia-driven target-vessel revascularization at nine
months was reduced from 12.0 percent with the implantation of a bare-metal stent to
4.7 percent with the implantation of a paclitaxel-eluting stent (relative risk, 0.39; 95 per-
cent confidence interval, 0.26 to 0.59; P<0.001). Target-lesion revascularization was re-
quired in 3.0 percent of the group that received a paclitaxel-eluting stent, as compared
with 11.3 percent of the group that received a bare-metal stent (relative risk, 0.27; 95
percent confidence interval, 0.16 to 0.43; P<0.001). The rate of angiographic restenosis
was reduced from 26.6 percent to 7.9 percent with the paclitaxel-eluting stent (relative
risk, 0.30; 95 percent confidence interval, 0.19 to 0.46; P<0.001). The nine-month com-
posite rates of death from cardiac causes or myocardial infarction (4.7 percent and 4.3
percent, respectively) and stent thrombosis (0.6 percent and 0.8 percent, respectively)
were similar in the group that received a paclitaxel-eluting stent and the group that re-
ceived a bare-metal stent.

 

conclusions

 

As compared with bare-metal stents, the slow-release, polymer-based, paclitaxel-eluting
stent is safe and markedly reduces the rates of clinical and angiographic restenosis at nine
months.

Copyright © 2004 Massachusetts Medical Society. All rights reserved. 
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he implantation of coronary

 

stents reduces the risk of periprocedural
complications and restenosis more than

does balloon angioplasty alone.

 

1,2

 

 Nonetheless,
clinical and angiographic restenosis still occurs in
a substantial proportion of patients, often necessi-
tating repeated revascularization procedures, de-
creasing the quality of life, and increasing health
care expenditures.

 

3,4

 

 The principal cause of resteno-
sis after coronary stenting is neointimal hyperplasia
resulting from the proliferation and migration of
smooth-muscle cells and extracellular matrix pro-
duction.

 

5

 

 Numerous systemic pharmacologic and
adjunctive device-based approaches have been inef-
fective at further lowering the risk of restenosis af-
ter stenting.

 

6

 

 Recently, the site-specific delivery of
agents capable of interrupting cellular replication
has shown promise in inhibiting neointimal hyper-
plasia.

 

7

 

 In particular, the polymer-based, sirolimus-
eluting stent has proved to be safe and effective in
reducing the risk of restenosis in previously untreat-
ed lesions of native coronary arteries.

 

8,9

 

Paclitaxel, a lipophilic molecule derived from the
Pacific yew tree 

 

Taxus brevifolia,

 

 is capable of inhibit-
ing cellular division, motility, activation, secretory
processes, and signal transduction.

 

10-15

 

 The vascu-
lar compatibility and efficacy of paclitaxel in reduc-
ing neointimal hyperplasia after balloon- and stent-
mediated injury have been shown in in vitro and in
vivo studies.

 

16-21

 

 The potential for a slow-release,
polymer-based, paclitaxel-eluting stent to reduce
the risk of restenosis after the treatment of short, fo-
cal atherosclerotic lesions in humans has been dem-
onstrated in small-to-moderate-sized studies.

 

22,23

 

We therefore performed a large-scale, prospective,
double-blind, randomized, multicenter trial to ex-
amine the safety and efficacy of such a stent in re-
ducing the risk of clinical and angiographic reste-
nosis in a broad population of patients and lesions.

 

study population and protocol

 

Patients who were at least 18 years of age, had stable
or unstable angina or provokable ischemia, and
were undergoing percutaneous coronary interven-
tion for a single, previously untreated lesion in a
native coronary artery were considered for enroll-
ment. Clinical exclusion criteria included previous
or planned use of intravascular brachytherapy in the
target vessel or of any drug-eluting stent; myocardial
infarction within 72 hours before enrollment; a left

ventricular ejection fraction of less than 25 percent;
hemorrhagic diatheses; contraindications or allergy
to aspirin, thienopyridines, paclitaxel, or stainless
steel; a history of anaphylaxis in response to iodi-
nated contrast medium; use of paclitaxel within 12
months before study entry or current use of colchi-
cine; a serum creatinine level of more than 2.0 mg
per deciliter (177 µmol per liter), a leukocyte count
of less than 3500 per cubic millimeter, or a platelet
count of less than 100,000 per cubic millimeter; a re-
cent positive pregnancy test, breast-feeding, or the
possibility of a future pregnancy; coexisting condi-
tions that limited life expectancy to less than 24
months or that could affect a patient’s compliance
with the protocol; and current participation in oth-
er investigational trials. The study was approved by
the institutional review board at each participating
center, and consecutive, eligible patients provided
written informed consent.

Before undergoing catheterization, patients re-
ceived 325 mg of aspirin and a 300-mg oral dose of
clopidogrel, a base-line electrocardiogram was ob-
tained, and creatine kinase and isoenzyme levels
were measured. Angiographic eligibility for inclu-
sion was then assessed: patients had to have a single
target lesion with a reference-vessel diameter on
visual examination of 2.5 to 3.75 mm and a lesion
length of 10 to 28 mm that could be covered by a
single study stent. Angiographic exclusion criteria
included a left main or ostial target lesion, moderate
or severe calcification of the target vessel or lesion,
tortuosity or angulation, bifurcation of the target le-
sion (defined by a side branch measuring more than
2.0 mm in diameter with more than 50 percent ste-
nosis), an occluded target lesion (Thrombolysis in
Myocardial Infarction grade 0 or 1 flow), or throm-
bus. Patients were also excluded if the use of atherec-
tomy or cutting balloon was planned before stent-
ing. Enrollment was permitted after the successful
treatment of one additional nonstudy lesion in a
nonstudy vessel before randomization.

 

randomization and stent implantation

 

Randomization was performed by telephone and
was stratified according to the presence or absence
of medically treated diabetes mellitus and vessel
size (less than 3.0 mm vs. 3.0 mm or more). Patients
were assigned in equal proportions in a double-
blind fashion with the use of random serial numbers
to treatment with either the slow-release, polymer-
based, paclitaxel-eluting stent (TAXUS, Boston Sci-
entific) or a visually indistinguishable bare-metal

t

methods
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stent (EXPRESS, Boston Scientific). Unfractionated
heparin was administered according to standard
practice, and the use of glycoprotein IIb/IIIa inhib-
itors was at the operator’s discretion. After manda-
tory dilation with the use of a balloon:artery ratio of
1:1, an appropriate-sized stent (approximately 2 to
4 mm longer than the lesion, with a ratio of stent
diameter to distal reference-vessel diameter of 1 to
1.1:1) was implanted at a pressure of at least 12 atm.
Stents were available in lengths of 16, 24, and 32
mm and in diameters of 2.5, 3.0, and 3.5 mm. Addi-
tional study stents could be implanted in the event
of edge dissections of types B through E or other-
wise suboptimal results, and the use of dilation after
stent implantation was at the operator’s discretion.

A postprocedural electrocardiogram was ob-
tained, and cardiac enzymes were measured every
8 hours for 24 hours. Patients took 325 mg of aspi-
rin daily indefinitely and 75 mg of clopidogrel daily
for six months. Clinical follow-up was scheduled at
one, four, and nine months and yearly thereafter for
five years.

 

data management

 

Independent study monitors verified 100 percent
of the data on site from case-report forms. Data
were maintained in a computerized data base by
PAREXEL International, and the investigators had
unrestricted access to the data. All major adverse
cardiac events were reviewed and adjudicated by an
independent committee whose members were un-
aware of patients’ treatment allocation. A data and
safety monitoring committee periodically reviewed
blinded safety data, each time recommending that
the study continue without modification. An inde-
pendent analysis was performed at the angiograph-
ic core laboratory by a technician who was unaware
of patients’ clinical outcomes, using validated quan-
titative methods.

 

24

 

 Measures were reported sepa-
rately within the stent, within 5 mm proximal and
distal to each edge, and over the entire segment that
was analyzed (the “analysis segment”). The manu-
script was prepared by the principal investigator and
revised after the other coauthors reviewed it.

 

end points and definitions

 

The primary end point was the nine-month inci-
dence of ischemia-driven target-vessel revascular-
ization, as adjudicated by the independent clinical-
events committee. Target-vessel revascularization
was considered to be driven by ischemia if the ste-
nosis of the target vessel was at least 50 percent of

the luminal diameter on the basis of a quantitative
analysis, with either electrocardiographic changes
while the patient was at rest or a functional study in-
dicating ischemia in the distribution of the target
vessel, or if there was stenosis of at least 70 percent
in conjunction with recurrent symptoms alone. Tar-
get-lesion revascularization was defined as repeated
revascularization for ischemia owing to stenosis of
at least 50 percent of the luminal diameter anywhere
within the stent or within the 5-mm borders proxi-
mal or distal to the stent. 

Myocardial infarction after the intervention was
defined as either the development of pathologic
Q waves lasting at least 0.4 second in at least two
contiguous leads with an elevated creatine kinase
MB fraction level or, in the absence of pathologic
Q waves, an elevation in creatine kinase levels to
more than twice the upper limit of normal with an

 

* Plus–minus values are means ±SD. There were no significant differences be-
tween groups.

† Values were visually estimated by the operator; other angiographic measures 

 

are quantitative and were made in the core laboratory.

 

Table 1. Base-Line Clinical and Angiographic Characteristics.*

Characteristic

Paclitaxel-
Eluting Stent

(N=662)

Bare-Metal
Stent

(N=652)

 

Age (yr) 62.8±11.2 62.1±10.9

Male sex (% of patients) 71.8 72.4

Diabetes mellitus (% of patients)
Requiring medication
Requiring insulin

23.4
7.7

25.0
8.3

Hypertension requiring medication (% of patients) 70.5 69.0

Hyperlipidemia requiring medication (% of patients) 65.0 65.6

Current smoking (% of patients) 23.4 20.1

Prior myocardial infarction (% of patients) 30.5 29.9

Unstable angina (% of patients) 35.8 32.7

Left ventricular ejection fraction (%) 55.2±10.0 55.5±10.5

Target-lesion coronary artery (% of patients)
Left anterior descending
Left circumflex
Right

40.0
28.9
31.1

41.4
26.6
32.0

Reference-vessel diameter (% of patients)†
≥3.0 mm
<3.0 mm

77.3
22.7

76.4
23.6

Lesion length (mm) 13.4±6.3 13.4±6.2

Reference-vessel diameter (mm) 2.75±0.47 2.75±0.49

Minimal luminal diameter (mm) 0.92±0.33 0.95±0.34

Stenosis (% of luminal diameter) 66.5±10.7 65.6±10.7

Intervention in nonstudy lesion in nonstudy vessel 
before randomization (% of patients)

20.8 17.8
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elevated creatine kinase MB level. A creatine kinase
level more than five times the upper limit of normal
was required to diagnose a myocardial infarction af-
ter bypass surgery. 

Major adverse cardiac events were defined as
death from cardiac causes (if the cause of death was
undetermined, it was categorized as cardiac), myo-
cardial infarction, or ischemia-driven target-vessel
revascularization. Target-vessel failure was defined
as death, myocardial infarction, or ischemia-driven
revascularization related to the target vessel. If an
adverse event could not conclusively be attributed
to a non-target vessel, the event was considered a
target-vessel failure.

Stent thrombosis was defined as an acute coro-
nary syndrome with angiographic documentation
of either vessel occlusion or thrombus within or
adjacent to a previously successfully stented vessel
or, in the absence of angiographic confirmation, ei-
ther acute myocardial infarction in the distribution
of the treated vessel or death from cardiac causes
within 30 days. Binary restenosis was defined as ste-
nosis of at least 50 percent of the luminal diameter
of the treated lesion.

 

statistical analysis

 

Using a two-sided test for differences in indepen-
dent binomial proportions with an alpha level of
0.05 and allowing for a 10 percent rate of attrition,
we calculated that 1172 patients would have to un-
dergo randomization for the study to have 85 per-
cent power to detect a reduction in the primary end
point of ischemia-driven target-vessel revasculariza-
tion from an anticipated 15 percent after bare-met-
al stenting to 9 percent with the paclitaxel-eluting
stent, a 40 percent relative reduction. The protocol
also prespecified that a minimum of 216 patients
would be randomly assigned to receive a 32-mm
stent, which became available only in the latter part
of the study. An additional 154 patients whose le-
sions were longer than 24 mm therefore underwent
randomization, bringing the total number enrolled
to 1326 patients.

The principal secondary end point was the ex-
tent of stenosis of the target lesion at nine months.
The protocol initially prespecified that follow-up
angiography be performed in the first 536 consec-
utive patients enrolled — a number that, assuming
a 25 percent rate of attrition, afforded the study 80
percent power to demonstrate a 17 percent reduc-
tion in mean (

 

±

 

SD) stenosis, from 27.2 to 22.5

 

±

 

16.7
percent. To make possible adequate angiographic
evaluation of long lesions, the angiographic cohort
was expanded by 196 consecutive patients who were
receiving 24- or 32-mm stents, resulting in a total of
732 patients in the follow-up angiographic cohort.

Categorical variables were compared by means
of the likelihood-ratio chi-square test or Fisher’s
exact test. Continuous variables are presented as
means 

 

±

 

SD or medians with interquartile ranges
and were compared with the use of Student’s t-test
or the Wilcoxon two-sample test. The influence of
base-line variables on nine-month categorical end
points was evaluated with logistic regression with
the use of Wald’s chi-square test. This analysis in-
cluded all base-line clinical and angiographic fea-

 

* Plus–minus values are means ±SD.

 

Table 2. Stent Implantation and Procedural Results.*

Variable

Paclitaxel-
Eluting Stent

(N=662)

Bare-Metal
Stent

(N=652)
P

Value

 

Stents (in study vessel) per patient
0 (% of patients)
1 (% of patients)
2 (% of patients)
≥3 (% of patients)
Mean no.

0.6
91.5
7.6
0.3

1.08±0.29

0.6
92.2
6.3
0.9

1.09±0.36

1.00
0.69
0.39
0.18
0.74

Stent diameter
2.5 mm (% of patients)
3.0 mm (% of patients)
3.5 mm (% of patients)

20.7
49.8
29.5

21.1
47.0
31.9

0.86
0.46
0.35

Maximal diameter of device (mm) 3.1±0.4 3.2±0.4 0.30

Maximal balloon:artery ratio 1.2±0.2 1.2±0.2 0.25

Stent length
16 mm (% of patients)
24 mm (% of patients)
32 mm (% of patients)
Mean (mm)

62.8
20.1
17.1

21.9±8.1

63.6
20.6
15.8

21.7±8.8

0.77
0.81
0.60
0.68

Stent:lesion length ratio
Median
Interquartile range

1.58
1.29–2.10

1.60
1.29–2.11

0.67

Maximal pressure (atm) 14.8±2.8 15.1±2.8 0.06

Use of glycoprotein IIb/IIIa inhibitors 
(% of patients)

57.7 56.7 0.74

Use of intravascular ultrasonography 
(% of patients)

22.8 23.9 0.65

Final reference-vessel diameter (mm) 2.80±0.49 2.83±0.48 0.39

Final minimal luminal diameter (mm)
Analysis segment
In stent

2.26±0.48
2.66±0.43

2.29±0.50
2.67±0.41

0.46
0.68

Final stenosis (% of luminal diameter)
Analysis segment
In stent

19.1±9.5
4.2±10.7

19.1±10.0
4.9±11.6

0.95
0.49

Acute gain (mm)
Analysis segment
In stent

1.32±0.46
1.72±0.44

1.32±0.51
1.70±0.46

0.96
0.63
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tures, treatment assignment, and procedural varia-
bles, and the results are expressed as odds ratios
with 95 percent confidence intervals. The statistical-
analysis plan prespecified that the primary inten-
tion-to-treat population would consist of all patients
in whom an attempt was made to implant a study
stent. All P values are two-sided.

 

enrollment and base-line characteristics

 

Between March 29 and July 8, 2002, 1326 patients at
73 U.S. centers were assigned to receive either a pac-
litaxel-eluting stent (667 patients) or a bare-metal
stent (659 patients). Twelve patients (0.9 percent)
were subsequently excluded because the appropri-
ate stent size was not available for three patients, the
guide wire or pre-dilation balloon could not be suc-
cessfully passed in three, complications occurred

before stenting in three, the lesion was reevaluated
before stenting and determined to meet exclusion
criteria in two, and withdrawal of consent by one.
The population included in the analysis therefore
consisted of 1314 patients: 662 were assigned to
receive paclitaxel-eluting stents, and 652 to receive
the bare-metal stents. The base-line characteristics
of the two groups were well matched (Table 1).

 

procedural outcomes

 

The number of stents implanted per patient, the
mean length and diameter of the stents, and other
deployment and implantation variables were similar
in the two groups (Table 2). The initial angiographic
results were also similar in the two cohorts.

 

clinical outcomes

 

As shown in Table 3, implantation of the paclitaxel-
eluting stent, as compared with the bare-metal stent,

results

 

* CI denotes confidence interval.
† Patients undergoing both percutaneous coronary intervention and coronary-artery bypass grafting during follow-up are 

counted as having a single target-vessel revascularization event.
‡ Major adverse cardiac events were death from cardiac causes, myocardial infarction, or ischemia-driven target-vessel 

revascularization.
§ Target-vessel failure was defined by death, myocardial infarction, or ischemia-driven revascularization related to the 

 

target vessel.

 

Table 3. Clinical Outcomes at Nine Months.

Outcome
Paclitaxel-Eluting Stent

(N=662)
Bare-Metal Stent

(N=652) Relative Risk (95% CI)* P Value

 

percent

 

Death from cardiac causes 1.4 1.1 1.27 (0.47–3.38) 0.80

Myocardial infarction
Q-wave
Non–Q-wave

3.5
0.8
2.7

3.7
0.3
3.4

0.94 (0.54–1.66)
2.46 (0.48–12.60)
0.81 (0.44–1.49)

0.88
0.45
0.52

Stent thrombosis
In hospital
Up to 1 mo after discharge
>1–6 mo
>6–9 mo

0.6
0
0.3
0.3
0

0.8
0.3
0.3
0.2
0

0.79 (0.21–2.92)
—

0.98 (0.14–6.97)
1.97 (0.68–5.73)

—

0.75
0.25
1.00
1.00
—

Target-lesion revascularization
Percutaneous coronary intervention
Coronary-artery bypass grafting

3.0
2.4
0.6

11.3
8.7
3.1

0.27 (0.16–0.43)
0.28 (0.16–0.48)
0.20 (0.07–0.57)

<0.001
<0.001
<0.001

Target-vessel revascularization†
Percutaneous coronary intervention
Coronary-artery bypass grafting
Within 1 mo
>1–9 mo

4.7
3.6
1.1
0
4.7

12.0
9.0
3.4
0.3

11.7

0.39 (0.26–0.59)
0.40 (0.25–0.64)
0.31 (0.13–0.33)

—
0.40 (0.27–0.60)

<0.001
<0.001

0.005
0.25

<0.001

Major adverse cardiac events‡
Within 1 mo
>1–9 mo

8.5
2.9
5.7

15.0
2.5

12.7

0.56 (0.41–0.77)
1.17 (0.61–2.25)
0.45 (0.31–0.65)

<0.001
0.73

<0.001

Target-vessel failure§
Within 1 mo
>1–9 mo

7.6
2.6
5.1

14.4
2.5

12.1

0.52 (0.38–0.73)
1.05 (0.53–2.05)
0.42 (0.29–0.62)

<0.001
1.00

<0.001
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reduced the primary end point of the risk of target-
vessel revascularization at nine months by 61 per-
cent and lowered the risk of target-lesion revascular-
ization by 73 percent, a consequence of significant
reductions in the rates of both percutaneous coro-
nary intervention and coronary-artery bypass graft-
ing. Multivariate analysis showed that randomiza-
tion to the group receiving a paclitaxel-eluting stent
was an independent predictor of freedom from tar-
get-vessel revascularization (odds ratio, 0.34; 95
percent confidence interval, 0.22 to 0.54; P<0.001).
The rates of death, myocardial infarction, and stent
thrombosis were low and similar in the two groups.
Thus, at the end of the nine-month follow-up peri-
od, the rates of target-vessel failure and major ad-

verse cardiac events were significantly lower after
the receipt of a paclitaxel-eluting stent than after the
receipt of a bare-metal stent (Table 3).

 

angiographic results

 

Follow-up angiography at nine months was com-
pleted in 559 of the 732 prespecified patients (76.4
percent), including 442 of the 536 patients (82.5
percent) from the original prespecified angiograph-
ic cohort and 117 of the 196 patients (59.7 percent)
from the extended long-lesion cohort, from whom
consent for angiographic follow-up had not initially
been obtained. There were no significant base-line
clinical or angiographic differences between pa-
tients in whom follow-up angiography was sched-

 

* Plus–minus values are means ±SD. The analysis included 559 patients who underwent follow-up angiography at nine 
months as prespecified in the protocol. CI denotes confidence interval.

† Loss index was determined by dividing late loss by acute gain.
‡ Binary restenosis was defined as stenosis of at least 50 percent of the luminal diameter of the treated lesion.
§ The pattern of restenosis was defined according to the classification of Mehran et al.

 

25

 

¶Data were not available for one patient who received a paclitaxel-eluting stent.

 

Table 4. Angiographic Measures at Nine Months.*

Variable
Paclitaxel-Eluting Stent 

(N=292)
Bare-Metal Stent 

(N=267) Relative Risk (95% CI) P Value

 

Reference-vessel diameter (mm) 2.75±0.46 2.77±0.47 — 0.69

Minimal luminal diameter (mm)
Analysis segment
Proximal edge
In stent
Distal edge

2.03±0.55
2.58±0.60
2.26±0.58
2.34±0.51

1.68±0.61
2.51±0.60
1.75±0.65
2.25±0.54

—
—
—
—

<0.001
0.20

<0.001
0.04

Stenosis (% of luminal diameter)
Analysis segment
Proximal edge
In stent
Distal edge

26.3±15.5
13.2±13.4
17.4±17.7
7.6±12.0

39.8±18.5
16.1±15.0
37.2±19.8
11.8±13.1

—
—
—
—

<0.001
0.02

<0.001
<0.001

Late loss (mm)
Analysis segment
Proximal edge
In stent
Distal edge

0.23±0.44
0.15±0.42
0.39±0.50
0.05±0.40

0.61±0.57
0.27±0.49
0.92±0.58
0.17±0.44

—
—
—
—

<0.001
0.002

<0.001
<0.001

Loss index (mm)†
Analysis segment
In stent

0.17±0.38
0.23±0.32

0.48±0.49
0.56±0.37

—
—

<0.001
<0.001

Binary-restenosis rate (%)‡
Analysis segment
Proximal edge
In stent
Distal edge

7.9
2.7
5.5
0.7

26.6
3.4

24.4
1.9

0.30 (0.19–0.46)
0.81 (0.32–2.08)
0.23 (0.13–0.38)
0.37 (0.07–1.87)

<0.001
0.81

<0.001
0.27

Pattern of restenosis (%)§¶
Focal
Diffuse
Proliferative
Total occlusion

3.4
1.0
0.3
0.7

7.5
14.3
1.9
0.8

0.46 (0.22–0.96)
0.07 (0.02–0.23)
0.18 (0.02–1.55)
0.91 (0.13–6.44)

0.04
<0.001

0.11
1.00

Length of restenosed lesion (mm)¶ 9.75±5.08 15.30±8.21 — 0.01
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uled and those in whom it was not scheduled, except
that the lesion was significantly longer in patients in
the follow-up angiographic cohort (mean, 14.4

 

±

 

6.9
vs. 12.1

 

±

 

5.1 mm; P<0.001). Among patients in the
angiographic follow-up cohort, diabetes mellitus
was present in 27.7 percent of those who received a
paclitaxel-eluting stent and 23.8 percent of those
who received a bare-metal stent (P=0.24), and the
mean lesion length was 14.4

 

±

 

6.7 and 14.4

 

±

 

7.1 mm,
respectively (P=0.94). 

Quantitative follow-up data were available for
559 patients. As compared with those who received
a bare-metal stent, patients who received a pacli-
taxel-eluting stent had a significantly smaller amount
of late loss and a lower loss index, resulting in great-
er luminal dimensions and a smaller degree of ste-
nosis at follow-up, both within the stented segment
and at its edges (Table 4 and Fig. 1). The use of a pac-
litaxel-eluting stent reduced the risk of binary re-
stenosis by 77 percent within the stent and by 70
percent in the analysis segment. 

Multivariate analysis showed that randomization
to the group that received a paclitaxel-eluting stent
was an independent predictor of freedom from re-
stenosis (odds ratio, 0.16; 95 percent confidence
interval, 0.08 to 0.30; P<0.001). 

The relative reduction in the risk of restenosis
with the paclitaxel-eluting stent, as compared with
the bare-metal stent, was independent of diabetes
mellitus status, epicardial-vessel location, and the
length and diameter of the lesion or stent (Fig. 2).
Among patients with restenosis, those treated with
the paclitaxel-eluting stent were much less likely
than those who received a bare-metal stent to have
a diffuse or proliferative pattern of hyperplasia, and
they had a significantly shorter restenosed segment
(Table 4). Aneurysms were present at nine months
in two patients (0.7 percent) in each group; only
one of these aneurysms (in a patient who received a
bare-metal stent) developed during the nine-month
follow-up period.

Among patients in the angiographic cohort who
completed follow-up angiography, the rate of tar-
get-lesion revascularization was reduced from 14.6
percent with the bare-metal stent to 3.8 percent
with the paclitaxel-eluting stent (P<0.001). Among
patients who did not undergo angiographic fol-
low-up, the rate of target-lesion revascularization
was reduced from 9.2 percent with the bare-metal
stent to 2.4 percent with the paclitaxel-eluting
stent (P<0.001).

In this prospective, randomized, double-blind study,
the implantation of a slow-release, polymer-based,
paclitaxel-eluting stent markedly reduced the risk of
clinical and angiographic restenosis as compared
with the implantation of a bare-metal stent, in pa-
tients with a wide range of previously untreated cor-
onary lesions. Despite the relatively low rate of re-
stenosis in the control group, the biologic potency
of the paclitaxel-eluting stent was evidenced by a
70 percent relative reduction in the risk of angio-
graphic restenosis, with a corresponding 73 percent
reduction in the risk of target-lesion revasculariza-
tion. In addition to reducing the need for repeated
percutaneous coronary intervention, the paclitaxel-
eluting stent also reduced the need for coronary-
artery bypass grafting. Notably, target-lesion revas-
cularization was required in only 3.8 percent of
patients assigned to receive a paclitaxel-eluting stent
who underwent protocol-specified angiographic
follow-up, and the rate was also significantly re-
duced among patients who received a paclitaxel-
eluting stent who did not undergo routine angio-
graphic follow-up.

discussion

 

Figure 1. Cumulative Distribution Curves (Paired-Lesion Analysis) 
for Percent Stenosis of the Luminal Diameter in the Group That Received 
a Paclitaxel-Eluting Stent and the Group That Received a Bare-Metal Stent 
before and Immediately after the Intervention and at Nine Months.

 

At nine months, the mean degree of stenosis in the group that received 
a paclitaxel-eluting stent was 13.5 percentage points less than the value 
in the group that received a bare-metal stent (95 percent confidence interval, 
¡16.3 to ¡10.7; P<0.001).
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The paclitaxel-eluting stent effectively reduced
the risk of restenosis in a broad range of lesions and
patients undergoing percutaneous intervention.
The three principal determinants of restenosis after
coronary-stent implantation are diabetes mellitus
status, the reference-vessel diameter, and the lesion
length (or the length of the implanted stent).

 

26-30

 

We found that the risk of restenosis was increased
by approximately 50 percent among diabetic pa-
tients who received a bare-metal stent as compared
with those without diabetes who received such a
stent. In contrast, the risk of restenosis was reduced
by more than 80 percent among patients with dia-

betes who received a paclitaxel-eluting stent, so that
these patients and patients without diabetes had
similar rates of angiographic recurrence after the
receipt of such a stent. The marked efficacy of site-
specific paclitaxel delivery in reducing the risk of
restenosis among patients with diabetes may be
explained by paclitaxel’s ability to disrupt micro-
tubules, leading to inhibition of signal-transduc-
tion pathways regulated by insulin that mediate
growth, differentiation, and stress responses.

 

31

 

 The
rates of restenosis after the implantation of a bare-
metal stent in small coronary arteries (no more than
2.5 mm in diameter) and long lesions (longer than

 

Figure 2. Subgroup Analysis for the Nine-Month Rate of Angiographic Restenosis in the Analysis Segment among Pa-
tients Assigned to Receive a Paclitaxel-Eluting Stent as Compared with Those Assigned to Receive a Bare-Metal Stent.

 

The analysis includes the 558 patients who underwent follow-up angiography at nine months as prespecified in the pro-
tocol and for whom the severity of stenosis could be determined. The lesion length could not be determined in one ad-
ditional patient. CI denotes confidence interval.
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20 mm) were also increased, by 38.5 percent and
41.5 percent, respectively. The benefits of the pacli-
taxel-eluting stent were particularly evident in these
subtypes of lesions, which had the greatest absolute
reductions in the risk of restenosis.

The ability of the paclitaxel-eluting stent to re-
duce the extent of neointimal hyperplasia was evi-
dent both within the stent and at the proximal and
distal margins of the stent. Moreover, when resteno-
sis did occur after the implantation of a paclitaxel-
eluting stent, the pattern was much more likely to
be focal than diffuse or proliferative, potentially
translating into easier subsequent management.

 

25

 

Use of the paclitaxel-eluting stent was safe, with
no excess risks apparent. Stent thrombosis was in-
frequent in both groups, and no late stent throm-
boses occurred after clopidogrel was discontinued
at six months. The rates of death from cardiac causes
and myocardial infarction over the nine-month fol-
low-up period were also low and were not signifi-
cantly different between the two groups. Aneurysms
did not develop during the nine-month follow-up
period in any patient who received a paclitaxel-elut-
ing stent.

The safety and efficacy of the slow-release, poly-
mer-based, paclitaxel-eluting stent in our study
population cannot be generalized to patients and
types of lesions that were excluded from random-
ization, including lesions resulting from acute my-
ocardial infarction, thrombus-containing lesions,
bifurcations, stenoses of the left main coronary ar-
tery, heavily calcified stenoses, vessels visually esti-
mated as less than 2.5 mm or greater than 3.75 mm
in diameter, diseased saphenous-vein grafts, or le-

sions with in-stent restenosis. The extent to which
an injured or unstented margin contributed to the
remaining cases of focal restenosis with the pacli-
taxel-eluting stent cannot be determined with cer-
tainty. Moreover, overlapping stents were implanted
in relatively few patients in this trial, and thus, fur-
ther study is required to evaluate the treatment of
lesions that are longer than 28 mm, which require
at least two stents. Extended follow-up is required
to establish the long-term safety of this and other
drug-eluting stent devices. All of our patients re-
ceived clopidogrel for six months in order to maxi-
mize the safety of this device (though preclinical
studies demonstrated equivalent rates of healing
with the use of nonoverlapping bare-metal stents
and slow-release, paclitaxel-eluting stents). Though
the use of a prolonged course of clopidogrel is con-
sistent with current studies demonstrating an incre-
mental benefit of extended thienopyridine therapy,

 

32

 

it is unknown whether this duration of treatment is
necessary to prevent subacute thrombosis after the
implantation of a paclitaxel-eluting stent. Finally,
appropriately powered, head-to-head, randomized
trials comparing different drug-eluting stent sys-
tems are required to evaluate their relative safety and
efficacy. 
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