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Objectives This study evaluates outcomes and complications in patients treated with drug-eluting
stents (DES) for “off-label” indications.

Background Drug-eluting stents have been effective in randomized trials, but their safety and effi-
cacy for off-label indications has not been well studied.

Methods The STENT (Strategic Transcatheter Evaluation of New Therapies) Registry is the largest
multicenter U.S. registry evaluating outcomes of DES. Off-label indications included ostial, left main,
long, bifurcation, and in-stent restenotic lesions, saphenous vein grafts, chronic total occlusions,
small or large vessels, multilesion or multivessel percutaneous coronary interventions, and ST-
segment elevation myocardial infarction. Outcomes were adjusted using Cox proportional hazards
regression and propensity analyses.

Results Drug-eluting stents were used in an off-label manner in 59% of patients. The patients who
received off-label treatment were more often male, had a higher incidence of prior infarction and
bypass surgery, and lower ejection fractions. Off-label versus “on-label” use of DES was associated
with higher rates of death, myocardial infarction, target vessel revascularization, major adverse car-
diac events, and stent thrombosis at 9 months and 2 years. Off-label use of DES compared with off-
label use of bare-metal stents (BMS) had lower rates of death, myocardial infarction, target vessel
revascularization, and major adverse cardiac events at 9 months and 2 years and lower rates of
stent thrombosis at 9 months.

Conclusions Off-label use of DES is associated with higher event rates compared with on-label use
of DES, which is consistent with a higher risk clinical and lesion profile. However, event rates with
off-label use of DES are lower compared with off-label use of BMS. Pending results from randomized
trials, our data support the use of DES for off-label indications in selected patients. (J Am Coll
Cardiol Intv 2008;1:405-14) © 2008 by the American College of Cardiology Foundation
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Drug-eluting stents (DES) have been shown to be very
effective in reducing target vessel revascularization
(TVR) in multiple randomized trials (1,2). Drug-eluting
stents have been used with increasing frequency for
“off-label” indications, but there are limited data regard-
ing the safety and efficacy of off-label use (3-5). Further-
more, there is growing concern regarding potential in-
creased risk of late stent thrombosis, especially with
off-label use (6).

The STENT (Strategic Transcatheter Evaluation of
New Therapies) Group is the first and largest multicenter
prospective registry to evaluate late outcomes with DES
in the U.S. The purpose of this study is to evaluate
outcomes with off-label use of DES from the STENT
Registry and to compare outcomes of off-label use with
on-label use of DES and with off-label use of bare-metal
stents (BMYS).

Methods

Abbreviations

The STENT Group. The STENT
and Acronyms

Group created a multicenter
registry to evaluate coronary ar-
tery stent use and outcomes in
real-world clinical settings be-
ginning in May 2003. Patients
undergoing percutaneous coro-
nary intervention (PCI) at 8 cor-
onary interventional centers
consented to participate in this
study, which included 9-month
and 2-year follow-ups. This is
the largest prospective registry
for evaluating DES in the U.S.
and is supported by unrestricted
grants from the industry. Detailed methodology of this
registry has been previously reported (7).

Definitions. Off-label use was defined as DES use in lesion
or patient subsets that have not been extensively studied in
randomized trials and for which DES does not have Food
and Drug Administration approval (8,9). This group in-
cluded patients with ST-segment elevation myocardial in-
farction (STEMI), chronic total occlusions, saphenous vein
graft lesions, bifurcation lesions, ostial lesions, left main
lesions, in-stent restenotic lesions, small or large vessels
(<2.5 mm or >3.75 mm), long lesions (>28 mm), and
multilesion or multivessel PCI. On-label use included all
other patients.

For outcomes at 9 months and 2 years, reinfarction was
defined as a new elevation of the myocardial band fraction of
creatine kinase >2 times the normal amount and includes
both STEMI and non-STEMI. Target vessel revasculariza-
tion was defined as a repeat procedure anywhere in the
target vessel, including repeat PCI or coronary artery bypass

BMS = bare-metal stent(s)
DES = drug-eluting stent(s)

MACE = major adverse
cardiac events

PCI = percutaneous
coronary intervention

STEMI = ST-segment
elevation myocardial
infarction

TLR = target lesion
revascularization

TVR = target vessel
revascularization
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graft surgery. The TVR procedure was used instead of
target lesion revascularization (TLR), because determina-
tions were assessed by the operators without a core angio-
graphic laboratory to distinguish TLR from TVR occurring
at sites other than the target lesion. Stent thrombosis was
defined using a modified Academic Research Consortium
definition of definite or probable stent thrombosis: angio-
graphically documented stent thrombosis, a myocardial
infarction in the distribution of the target vessel, or sudden
cardiac death.

Study population. Our study population with 9-month
follow-up is shown in Figure 1. Of 26,941 PCI procedures
performed at 8 centers from May 2003 to June 2006, 24,713
patients consented to participate in the Registry (92%),
20,868 patients were unique (first procedure for a patient in
the Registry), and 19,453 had 9-month follow-up (93%). Of
these patients, 8,897 had DES-only stents implanted for
off-label indications, and these patients form our study
group. Outcomes in these patients were compared with
6,063 patients with on-label use of DES and with 2,131
patients with off-label use of BMS who had 9-month
follow-up.

Our study population with 2-year follow-up is shown in
Figure 2. This study population is a subgroup of the study
population with 9-month follow-up. Of 11,705 PCI pro-
cedures performed from May 2003 through February 2005,
10,326 patients consented (88%), 8,942 patients were
unique, and 8,532 patients had 2-year follow-up (95%). Of
these patients, 3,603 had DES-only stents implanted for

off-label indications, and these patients form our study

May 2003 to June 2006 Total Procedures
n =26,941

Off - label
DES
n=8,897

On-label
BMS
n=568

Off - label
BMS
n=2,131

On-label
DES
n=6.063

Figure 1. Study Population (9-Month Follow-Up)

Our study population (9-month follow-up) consists of all patients who had
DES-only stents used for off-label indications and who had 9-month clinical
follow-up. BMS = bare-metal stent(s); DES = drug-eluting stent(s); f/u =
follow-up.
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May 2003 to February 2005

Total Procedures

On-label
DES
n=2,583

On-label OAf - label
BMS

= 1,117

Figure 2. Study Population (2-Year Follow-Up)

Our study population (2-year follow-up) consists of all patients who had
DES-only stents used for off-label indications and who had 2 year clinical
follow-up. Abbreviations as in Figure 1.

group with 2-year follow-up. Outcomes in these patients
were compared with 2,583 patients with on-label use of
DES and with 1,117 patients with off-label use of BMS
who had 2-year follow-up.

In patients with off-label use of DES and 9-month
follow-up, sirolimus-eluting stents were used in 49% of
patients, paclitaxel-eluting stents were used in 48% of
patients, and both types were used in 3% of patients. In
patients with on-label use of DES and 9-month follow-up,
sirolimus-eluting stents were used in 49% of patients and
paclitaxel-eluting stents were used in 51% of patients.

Data collection. All data were collected prospectively by
study coordinators at participating hospitals. Procedural
data, including adjunctive pharmacology, device utilization,
reference vessel diameter, lesion length, and lesion charac-
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teristics (including off-label versus on-label indications)
were assessed by the operating interventional cardiologist
and were recorded at the conclusion of each procedure.
Comprehensive chart reviews were performed for the index
hospitalization for each patient shortly after discharge.
Post-discharge clinical follow-up was conducted by tele-
phone interview at 9 and 24 months after the procedure.
Complete hospital records were reviewed for every patient
reporting a cardiac event following the index hospitaliza-
tion. All data were entered into a centralized database for
quality control and statistical analysis (R. Stuart Dickson
Institute for Health Studies, Charlotte, North Carolina).
Physicians adjudicated all major events including death,
TVR, and stent thrombosis, and audits were performed on
10% of the first 4,000 procedures and 5% thereafter.
Statistical methods. Baseline and outcome variables were
compared using ¢ tests for continuous variables and the
chi-square test or Fisher exact test for categorical variables.
A p value < 0.05 was considered statistically significant. All
analyses were performed using SAS version 9.1 (SAS
Institute Inc., Cary, North Carolina).

Kaplan-Meier event curves were constructed for TVR,
death or myocardial infarction, and stent thrombosis for
each subgroup, and comparisons between subgroups were
made with log-rank tests.

When adjusting for differences in baseline risk profile
between off-label DES use versus on-label DES use, Cox
proportional hazards regression models were used. Variables
included in the model were site, age, gender, diabetes,
hypertension, hyperlipidemia, smoking status, prior infarc-
tion, prior bypass surgery, and prior PCI. Clinical acuity
(STEMI, non-ST-segment elevation acute coronary syn-
drome, or stable angina) and angiographic variables were
not included, because these were used to define off-label use.
When adjusting for differences in baseline risk between
off-label DES use and off-label BMS use, propensity anal-

ysis was used. Propensity scores were calculated with a

Table 1. Baseline Characteristics

On-Label DES Off-Label DES Off-Label BMS

(n = 6,063) (n = 8,897) (n=2131) p Value 1 p Value 2
Age, yrs (mean = SD) 629 =115 63.1 =118 654123 0.24 <0.0001
Female 2,194 (36.2) 2,905 (32.7) 635 (29.8) <0.0001 0.01
Diabetes 1,937 (32.0) 2,966 (33.3) 631 (29.6) 0.08 0.0001
Hypertension 4,542 (74.9) 6,622 (74.4) 1,529 (71.8) 0.52 0.01
Hyperlipidemia 3,763 (62.1) 5,350 (60.1) 1,036 (48.6) 0.02 <0.0001
Ever smoker 3,667 (60.5) 5,386 (60.5) 1,318(61.9) 0.95 0.27
Prior infarction 1,277 (21.1) 2,105 (23.7) 527 (24.7) 0.0002 0.3
Prior bypass surgery 662 (10.9) 1,724 (19.4) 559 (26.2) <0.0001 <0.0001
Prior PCI 1,491 (24.6) 2,453 (27.6) 572 (26.8) <0.0001 0.52
STEMI 0(0.0) 1,450 (16.3) 631(29.6) — <0.0001
Values are n (%) unless otherwise noted. p Value 1: off-label DES versus on-label DES use. p Value 2: off-label DES versus off-label BMS use.

BMS = bare-metal stent(s); DES = drug-eluting stent(s); PCl = percutaneous coronary intervention; STEMI = ST-segment elevation myocardial infarction.
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Table 2. Angiographic and Procedural Characteristics

On-Label DES Off-Label DES Off-Label BMS
(n = 6,063) (n = 8,897) (n =2,131) p Value 1 p Value 2

Target lesion (n) 6,063 14,867 3,002

Left main 0(0.0) 223 (1.5) 8 (0.9) <0.0001 <0.0001

Left anterior descending 2,421 (39.9) 5,337 (35.9) 676 (22.5)

Circumflex 1630 (26.9) 3256 (21.9) 575(19.2)

Right coronary artery 2,012(33.2) 5,047 (33.9) 1,267 (42.2)

Saphenous vein graft 0(0.0) 995 (6.7) 453 (15.1)
Ejection fraction % (mean = SD) 525+ 113 50.3 £ 12.2 47.7 =13.2 <0.0001 <0.0001
Reference vessel diameter, mm (mean * SD) 30*04 30*05 33+08 03 <0.0001
Lesion length, mm (mean =+ SD) 144 +58 170+ 11.2 15.6 £ 9.6 <0.0001 <0.0001
Stent length, mm (mean = SD) 20.1 =76 239 +13.2 210+ 113 <0.0001 <0.0001
Number of stents/procedure 1.07 =0.29 1.74 = 0.85 147 =0.74 <0.0001 <0.0001
Adjunctive pharmacology

Glycoprotein llb/llla platelet inhibitor 3,224 (53.2) 4,935 (55.5) 1,256 (58.9) 0.006 0.004

Bivalirudin 2,017 (33.3) 2,797 (31.4) 345 (16.2) 0.02 <0.0001

Enoxaparin 444 (7.3) 700 (7.9) 226 (10.6) 0.22 <0.0001
Multivessel PCI 0(0.0) 1,801 (20.2) 207 (9.7) — <0.0001
Multilesion PCI 0(0.0) 4,728 (53.1) 689 (32.3) — <0.0001
Angiographic success 6,020 (99.3) 14,464 (97.3) 2,924 (97.4) <0.0001 0.8

p Value 2: off-label DES versus off-label BMS use.
Abbreviations as in Table 1.

Values are n (%) unless otherwise noted. Target lesion is expressed as the number of target lesions treated as a percentage of the total number of lesions treated in each subgroup. Angiographic success is
expressed at the number of lesions treated successfully (final stenosis = 50% and TIMI flow grade = 2) as a percentage of total lesions treated in each subgroup. p Value 1: off-label DES versus on-label DES use.

logistical regression model that included all demographic,
clinical, and angiographic variables, including variables used
to define off-label use. The ability of the propensity score to
effectively balance off-label DES use and off-label BMS use

at baseline is shown in the Online Appendix Table. The
predictive ability of the propensity score was assessed by the
C-statistic. Propensity scores were entered into the Cox
proportional hazards regression model as a covariate along

Table 3. Outcomes

Unadjusted Adjusted
Hazard Ratio 1 Hazard Ratio 2
On-Label DES Off-Label DES Off-Label BMS p Value 1 p Value 2 (95% CI) (95% CI)
Outcomes at 9 months (n = 6,063) (n = 8,897) (n =2,131)
Death 118(2.0) 304 (3.4) 146 (6.9) <0.0001 <0.0001 1.75(1.41-2.16) 0.55 (0.43-0.70)
Myocardial infarction 124(2.1) 270(3.0) 106 (5.0) <0.0001 <0.0001 1.45(1.17-1.80) 0.50 (0.38-0.65)
Death/myocardial infarction 228(3.8) 538(6.1) 233(10.9) <0.0001 <0.0001 1.60 (1.37-1.67) 0.53 (0.44-0.64)
TVR 189(3.1) 498 (5.6) 162 (7.6) <0.0001 0.0006 1.79(1.51-2.12) 0.48 (0.39-0.60)
MACE 391(6.5) 929 (10.4) 351(16.5) <0.0001 <0.0001 1.62(1.43-1.82) 0.51(0.44-0.59)
Stent thrombosis 37(0.6) 88(1.0) 3(1.6) 0.01 0.04 1.62(1.10-2.39) 0.51(0.31-0.82)
Outcomes at 2 years (n = 2,583) (n = 3,603) (n=1,117)
Death 130(5.0) 243(6.7) 148 (13.3) 0.006 <0.0001 1.29(1.04-1.60) 0.54 (0.42-0.70)
Myocardial infarction 87 (3.4) 177 (4.9) 81(7.3) 0.003 0.004 1.37 (1.05-1.77) 0.62 (0.45-0.86)
Death/myocardial infarction 202 (7.8) 392(10.9) 208 (18.6) <0.0001 <0.0001 1.34(1.13-1.60) 0.57 (0.46-0.70)
TVR 163 (6.3) 415(11.5) 140 (12.5) <0.0001 0.37 1.87 (1.55-2.24) 0.61(0.48-0.77)
MACE 333(12.9) 717 (19.9) 308 (27.6) <0.0001 <0.0001 1.55(1.36-1.77) 0.57 (0.49-0.68)
Stent thrombosis 23(0.9) 4 (1.5) 22(2.0) 0.04 0.28 1.59(0.97-2.61) 0.65 (0.36-1.18)

Values are n (%) unless otherwise noted. p Value 1 and Hazard Ratio 1 compare off-label DES with on-label DES use. Hazard ratios are assessed directly with Cox proportional hazards regression models. p Value
2 and Hazard Ratio 2 compare off-label DES with off-label BMS use. Hazard ratios are assessed with propensity scores entered into Cox proportional hazards regression models.
MACE = major adverse cardiac events include death, myocardial infarction, or target revascularization; TVR = target lesion revascularization; other abbreviations as in Table 1.
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Figure 3. Comparison of Event Rates Between Off-Label and On-Label Use of DES
Kaplan-Meier estimates comparing event rates at 9 months and 2 years between off-label and on-label use of DES: (A) target vessel revascularization (TVR),
(B) death or myocardial infarction (Death/MI), and (C) stent thrombosis (ST). Abbreviations as in Figure 1.

with variables that were not balanced in the propensity
models.

Results

Baseline clinical variables and angiographic and procedural
characteristics. Patients with off-label compared with on-
label use of DES had a higher incidence of prior infarction,
prior bypass surgery, and prior PCI, but were less often
female (Table 1). Patients with off-label use of DES also
had lower ejection fraction, longer lesions, longer stent
length, more stents/procedure, more glycoprotein IIb/IIla
platelet inhibitor use, and lower angiographic success rates
(Table 2).

Patients with off-label use of DES compared with off-
label use of BMS were younger, more often female, and had

higher rates of diabetes, hypertension, and hyperlipidemia,
but a lower incidence of prior bypass surgery and STEMI
(Table 1). Patients with off-label DES use have a higher
frequency of left anterior descending artery PCI, lower
frequency of saphenous vein graft PCI, higher ejection
fraction, longer lesion length, longer stent length, more
stents/procedure, less glycoprotein IIb/IIIa platelet inhibitor
use, and more multivessel and multilesion PCI (Ta-
ble 2).

Outcomes of off-label DES use versus on-label DES use. Off-
label use of DES compared with on-label use of DES had
higher rates of death, myocardial infarction, TVR, major
adverse cardiac events (MACE: such as death, myocardial
infarction, or TVR) and stent thrombosis at the 9-month
and 2-year follow-ups (Table 3, Fig. 3). After adjustments
with Cox proportional hazards regression models, all event
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Figure 4. Comparison of Event Rates Between Off-Label Use of DES and BMS
Kaplan-Meier estimates comparing event rates at 9 months and 2 years between off-label use of DES and off-label use of BMS: (A) TVR, (B) death/MI, and (C) ST.
Abbreviations as in Figures 1 and 3.

rates were significantly higher with off-label use at 9 months
and 2 years, with the exception of stent thrombosis at 2 years.

When patients with STEMI were excluded from the off-label
DES use group, all adjusted event rates were still significantly
higher with off-label DES use at 9 months and 2 years.
Outcomes of off-label DES use versus off-label BMS use. Off-
label use of DES compared with off-label use of BMS had
significantly lower rates of death, myocardial infarction,
TVR, and MACE at the 9-month and 2-year follow-ups
(Table 3, Fig. 3). After adjustments with propensity analy-
ses, each of these event rates remained significantly lower
with DES versus BMS (Table 3). The predictive ability of
the propensity score model was very good with a C-statistic
of 0.80.

Stent thrombosis was significantly less frequent with
off-label DES use versus off-label BMS use at 9 months,

both before and after adjustments, but was not significantly
different at 2 years (Table 3, Fig. 4). There was a mild trend
for higher rates of stent thrombosis from 1 to 2 years with
DES versus BMS (20 of 3,569 or 0.6% vs. 2 of 1,095 or
0.2%, p = 0.13).

Unadjusted outcomes with DES in the 12 subgroups of
off-label use are shown in Table 4. Comparison of outcomes
between DES and BMS in the 12 subgroups showed
consistently lower event rates and lower propensity adjusted
hazard ratios for TVR and death or myocardial infarction

with DES use (Fig. 5).

Discussion

Our study found that off-label use of DES comprises about
59% of all DES use. Patients with off-label DES use had a
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higher risk clinical profile and higher risk lesion profile
compared with patients with on-label DES use. Off-label
use of DES was associated with significantly higher rates of
death, myocardial infarction, TVR, and MACE at 9
months and 2 years and significantly higher rates of stent
thrombosis at 9 months. After adjusting for differences in
clinical variables, event rates were still significantly higher
with off-label use, reflecting the higher risk clinical profile
(STEMI patients) and higher risk lesion profile that
could not be adjusted with the multivariable analyses.
Although event rates were higher with off-label use of
DES compared with on-label use, outcomes were still
very good with low rates of TVR and stent thrombosis at
9 months and 2 years.

We also compared outcomes in patients treated with
off-label use of DES with outcomes in patients treated with
off-label use of BMS. Off-label DES use compared with
off-label BMS use was associated with lower adjusted rates
for death, myocardial infarction, TVR, and MACE. The
frequency of stent thrombosis was lower with off-label DES
use versus off-label BMS use at both the 9-month and
2-year follow-ups, but the differences were statistically
significant only at 9 months. Although the 12 subcategories
of off-label use are very diverse, the reduction in the
frequency of TVR and death or myocardial infarction was
very similar across all subgroups.

Our findings are similar to results from previous registries
comparing off-label with on-label use of DES (3,4). The
D.E.S. Cover Registry evaluated 2,588 patients treated with
DES for off-label or untested indications (3). After adjust-
ing for differences in baseline variables, TVR was signifi-
cantly higher and there were trends for higher rates of death,
myocardial infarction, and stent thrombosis with off-label
versus on-label use. Despite this, absolute event rates with
off-label use were quite low (TVR 7.6% and stent throm-
bosis 0.7% at 1 year), which is similar to our study. The
EVENT (Evaluation of Drug-Eluting Stents and Ischemic
Events) Registry compared outcomes with off-label versus
on-label DES use and found higher rates of TLR (6.3% vs.
2.4%), MACE (17.5% vs. 8.9%), and stent thrombosis
(1.6% vs. 0.9%) at 1 year with off-label use (4). These
differences were significant after adjustments for differences
in baseline variables.

Several registries have evaluated the unrestricted use of
DES, and these registries have included large numbers of
patients with off-label use (10-12). Iakovou et al. (10)
evaluated 2,229 patients treated with DES in a real-world
setting in Germany and Italy and found a frequency of stent
thrombosis of 1.3%, which is somewhat higher than that
seen with on-label use in randomized clinical trials. The
e-Cypher Registry evaluated 15,157 patients treated with
unrestricted utilization of sirolimus-eluting stents and found
relatively low frequencies of TLR (3.1%) and stent throm-
bosis (0.9%) at 1 year (11). The ARRIVE I and II Registries
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Adjusted Hazard
DES BMS  Raltio (95% CI) Adjusted Hazard Ratio (95% CI)
STEMI N 1,450 631
TVR 4.6% 7.5% 0.43(0.28,0.68)
DEATHMI 8.6% 13.3% 0.46(0.32,0.65)
CTO N 288 33
TVR 49% 152% 0.24(0.08,0.73)
——
DEATHMI 56% 6.1% 090(0.21,3.97) ! "
SVG N 825 361
TVR T5% 94% 043 (0.25,0.74)
DEATH/MI 89% 13.6% 0.47 (0.30,0.74)
BIFUR N 1,650 192
TVR 69% 109% 045 (0.26,0.78)
——
DEATHMI 57% 94% 0.44(0.24,0.80) +
OSTIAL N 1,871 247
TVR 6.0% 9.7% 043(0.26,0.72)
,
DEATH/MI1 64% 13.0% 0.49 (0.31,0.79) +
LM N 223 28
TVR 58% 107% 026 (0.07,1.02) ' |
DEATHMI 11.2% 17.9% 0.82(0.26,2.58) + i
ISR N 657 59
TVR T0% 119% 0.54(0.21,1.38) " N |
DEATHMI 69% 119% 075030192 i :
sV N 858 431
TVR 8.6% 104% 048(0.31,0.75) '
DEATHMI 54% 9.5% 040 (0.24,0.68) 4
LV N 1196 824
TVR 37% 58% 0.32(0.19,0.53) ——
DEATHMI 50% 8.6% 044 (0.29,067) ——
LL N 1,771 234
TVR 6.7% 9.0% 0.51(0.29,0.89) +
DEATH/MI1 7.5% 16.2% 0.34(0.21,0.54) +
MV N 1,801 207
TVR 62% 10.6% 0.39 (0.23,0.68) —
DEATHMI 6.8% 15.0% 0.55(0.34,0.89) ——
ML N 4,728 689
TVR 6.3% 11.3% 0.42(0.31,0.56) ——
DEATHMI 6.3% 14.1% 0.52(0.43,0.63) ——
0 0.5 1 15 2 2.5 3
DES Better BMS Better
Figure 5. Comparison of Event Rates Between DES and BMS in Subgroups of Off-Label Use
Adjusted 9-month outcomes in subgroups of off-label use comparing rates of TVR and death/MI between DES and BMS. BIFUR = bifurcation lesion; CTO =
chronic total occlusion; ISR = in-stent restenosis; LL = long lesion; LM = left main artery; LV = large vessel; ML = multilesion percutaneous coronary interven-
tion; MV = multivessel percutaneous coronary intervention; STEMI = ST-segment elevation myocardial infarction; SV = small vessel; SVG = saphenous vein
graft; other abbreviations as in Figures 1 and 3.

(Taxus Peri-Approval Registry, A U.S. Multi-Center Safety
Surveillance Program) evaluated the expanded use of
paclitaxel-eluting stents in 7,307 patients, 64% of whom
had off-label use, and found a relatively low frequency of
TVR (5.1%) and MACE (cardiac death, myocardial infarc-
tion, or TVR) (6.5%) at 1 year (12). Stent thrombosis
occurred in 1.8% of patients at 1 year and 0.7% of patients
from 1 to 2 years, which is somewhat higher than the
frequency seen with on-label use in randomized trials.
Recently, Maroquin et al. (5) reported the results from
the National Heart, Lung, and Blood Institute Dynamic

Registry comparing outcomes in patients treated with DES
versus BMS for off-label indications. Drug-eluting stents
were associated with lower rates of TVR and similar rates of
death or myocardial infarction. Several registries have com-
pared outcomes with DES versus BMS in unrestricted
populations that contain large percentages of patients with
off-label use (13-15). The RESEARCH (Rapomycin-
Eluting Stent Evaluated At Rotterdam Cardiology Hospi-
tal) Registry and the National Heart, Lung, and Blood
Institute Dynamic Registry compared outcomes in patients
treated with DES with outcomes in patients who had BMS
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implanted before the availability of DES (13,14). Both
registries found less TVR with DES but no differences in
death or myocardial infarction. The large SCAAR (Swedish
Coronary Angiography and Angioplasty Registry) registry
initially reported a higher incidence of death and death or
myocardial infarction at 3 years with DES compared with
BMS (15). However, further analysis with additional pa-
tients (>>35,000) showed no differences in death or death or
myocardial infarction at late follow-up (1 to 4 years)
between DES and BMS (16). Tu et al. (17) reported data
from the Ontario Registry showing lower rates of TVR and
death at 2 and 3 years with DES compared with BMS in
groups that were matched with propensity scoring. Some of
the differences in event rates between the various registries
may be explained by differences in definitions of myocardial
infarction as well as differences in patient populations.

There are limited data from randomized trials comparing

DES with BMS in subgroups of off-label use. Although
there have been several randomized trials evaluating DES
versus BMS in STEMI patients, the number of patients has
been relatively small, the follow-up has been relatively short,
and TVR has been influenced by mandated follow-up
angiography in most trials (18-21). Randomized trials have
been performed in only a few of the remaining subgroups,
and the number of patients has been small and the
follow-up has been generally short (22-27).
Study limitations. Although our study provides an opportu-
nity to look at real-world outcomes with off-label use of
DES, it has the limitations of an observational database.
There may be hidden biases to choose BMS for sicker
patients who may have multiple comorbidities, bleeding
risk, or who may be noncompliant with dual antiplatelet
therapy as well as other therapies. It is unlikely that these
biases can be accounted for by statistical adjustments. It is
also difficult to adjust for differences in risk profile in
comparing outcomes between off-label and on-label DES
use, because criteria used to define off-label use by definition
cannot be included in the statistical model.

Our registry also does not have data regarding compliance
with dual antiplatelet therapy. This is an important limita-
tion, because compliance with clopidogrel and aspirin is a
major determinant of stent thrombosis and adverse events
(28,29).

Conclusions

This is the largest U.S. registry to evaluate outcomes with
off-label use of DES. Our study shows that off-label use
compared with on-label use of DES is associated with
higher event rates at the 9-month and 2-year follow-ups,
which is consistent with the higher risk clinical and lesion
profile of patients with off-label use. In contrast, off-label
use of DES is associated with lower rates of death, myo-
cardial infarction, TVR, and MACE at 9 months and 2
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years compared with off-label use of BMS. Stent thrombosis
was significantly lower at 9 months but not at 2 years.
Therefore, although event rates with off-label use of
DES are higher than with on-label use, outcomes are still
remarkably good and are better than with off-label use of
BMS. Adequately powered randomized trials with long-
term follow-up will be needed to determine the safety
and efficacy of DES versus BMS in the numerous diverse
subgroups of off-label use. Until the results of large
randomized trials are available, our data support the use of
DES in selected patients in most subgroups of off-label use.

Acknowledgments

The authors extend special appreciation to the STENT
registry central coordinator, Susan Christopher, and the
executive assistant, Connie Poole, for their tremendous
commitment to this study. In addition, each of the individ-
ual site data coordinators, nurse coordinators, and physician
operators are thanked for their diligence and success with
patient consents, data collection and follow-up. A complete
list of the STENT Registry study centers is noted in the
Appendix.

Reprint requests and correspondence: Dr. Bruce R. Brodie, 1126
North Church Street, Suite 300, Greensboro, North Carolina
27401. E-mail: bbrodie@triad.rr.com.

REFERENCES

1. Stone GW, Moses JW, Ellis SG, et al. Safety and efficacy of
sirolimus-and paclitaxel-eluting coronary stents. N Engl | Med 2007;
356:998-1008.

2. Spaulding C, Daemen J, Boersma E, Cutlip DE, Serruys P. A pooled
analysis of data comparing sirolimus-eluting stents with bare-metal
stents. N Engl ] Med 2007;356:989-97.

3. Beohar N, Davidson CJ, Kip KE, et al. Outcomes and complications
associated with off-label and untested use of drug-eluting stents. JAMA
2007;297:1992-2000.

4. Win HK, Caldera AE, Maresh K, et al. Clinical outcomes and stent
thrombosis following off-label use of drug-eluting stents. JAMA
2007;297:2001-9.

5.Maroquin OC, Selzer F, Mulukutla SR, et al. A comparison of
bare-metal and drug-eluting stents for off-label indications. N Engl
J Med 2008;358:342-52.

6. Shuchman M. Debating the risks of drug-eluting stents. N Engl ] Med
2007;356:325-8.

7. Simonton CA, Brodie BR, Cheek B, et al.; on behalf of STENT
Group. Comparative clinical outcomes of paclitaxel and sirolimus-
eluting stents. Results from a large prospective multicenter registry—
STENT Group. ] Am Coll Cardiol 2007;50:1214-22.

8. Cordis Corp. CYPHER sirolimus-eluting stent: essential prescribing
information. Available at: http://www.cordis.com. Accessed May 20,
2008.

9. Boston Scientific. TAXUS Express® stent system: directions for use.
Auvailable at: http://www.taxus-stent.com. Accessed May 20, 2008.
10. Iakovou I, Schmidt T, Bonizzoni E, et al. Incidence, predictors, and
outcomes of thrombosis after successful implantation of drug-eluting

stents. JAMA 2005;293:2126-30.

11. Urban P, Gershlick AH, Guagliumi G, et al. Safety of coronary
sirolimus-eluting stents in daily clinical practice: one year follow-up of
the e-Cypher Registry. Circulation 2006;113:1434—41.

12. Lasala JM, Cox DA, Mascioli SR, Baim DS. Expanded use of the
TAXUS Express paclitaxel-eluting stent: insights on safety and long-


http://www.cordis.com
http://www.taxus-stent.com
mailto:bbrodie@triad.rr.com

414 Brodie et al.
Outcomes With Off-Label Use of DES

term outcomes from the 7000 patient ARRIVE Registry Program.
Paper presented at: Transcatheter Therapeutics; October, 2007; Wash-
ington, DC.

13. Lemos PA, Serruys PW, van Domberg RT, et al. Unrestricted
utilization of sirolimus-eluting stents compared with conventional bare
metal stent implantation in the “real world.” The Rapamycin-eluting
stent evaluated at Rotterdam Cardiology Hospital (RESEARCH)
Registry. Circulation 2004;109:190-5.

14. Abbott JD, Voss MR, Nakamura M, et al. Unrestricted use of
drug-eluting stents compared with bare-metal stents in routine clinical
practice findings from the National Heart, Lung, and Blood Institute
Dynamic Registry. ] Am Coll Cardiol 2007;50:2029-36.

15. Lagerqvist B, James SK, Stenestrand U, Lindback ], Nilsson T,
Wallentin L; on behalf of SCARR Group. Long-term outcomes with
drug-eluting stents versus bare-metal stents in Sweden. N Engl ] Med
2007;356:1009-19.

16. James S. Swedish Coronary Angiography and Angioplasty Registry.
Paper presented at: European Society of Cardiology Congress; Sep-
tember, 2007; Vienna, Austria.

17. TuJV, Bowen ], Chiu M, et al. Effectiveness and safety of drug-cluting
stents in Ontario. N Engl ] Med 2007;357:1393-402.

18. Laarman GJ, Suttorp M]J, Dirksen MT, et al. Paclitaxel-eluting versus
uncoated stents in primary percutaneous coronary intervention. N Engl
J Med 2006;355:1105-13.

19. Spaulding C, Henry P, Teiger E, et al,; for the TYPHOON Investi-
gators. Sirolimus-eluting versus uncoated stents in acute myocardial
infarction. N Engl ] Med 2006;355:1093-104.

20. Menichelli M, Parma A, Pucci E, et al. Randomized trial of sirolimus-
eluting stent versus bare-metal stent in acute myocardial infarction
(SESAMI). ] Am Coll Cardiol 2007;49:1924-30.

21. Pasceri V, Patti G, Speciale G, Pristipino C, Richichi G, Di Sciascio
G. Meta-analysis of clinical trials on use of drug-eluting stents for
treatment of acute myocardial infarction. Am Heart ] 2007;153:749—
54.

22. Schofer J, Schluter M, Gershlick AH, et al., on behalf of E-SIRIUS
Investigators. Sirolimus-eluting stents for treatment of patients with
long atherosclerotic lesions in small coronary arteries: double-blind
randomized controlled trial (E-SIRIUS). Lancet 2003;362:1093-9.

23. Ardissino D, Cavallini C, Indolfi C, et al. Sirolimus-ecluting vs
uncoated stents for prevention of restenosis in small coronary arteries.
A randomized trial. JAMA 2004;292:2727-34.

JACC: CARDIOVASCULAR INTERVENTIONS, VOL. 1, NO. 4, 2008
AUGUST 2008:405-14

24. Schampaert E, Cohen EA, Schluter M, et al., on behalf of the
C-SIRUS Investigators. The Canadian study of the sirolimus-eluting
stent in the treatment of patients with long de novo lesions in small
native coronary arteries (C-SIRUS). ] Am Coll Cardiol 2004;43:
1110-5.

25. Kastrati A, Mehilli ], von Beckerath N, et al. Sirolimus-eluting stent or
paclitaxel-eluting stent vs balloon angioplasty for prevention of recur-
rences in patients with coronary in-stent restenosis. A randomized
controlled trial. JAMA 2005;293:165-71.

26. Vermeersch P, Pierfrancesco A, Verheye S, et al. Increased late
mortality after sirolimus-eluting stents versus bare-metal stents in
diseased saphenous vein grafts. Results from the randomized DE-
LAYED RRISC Trial. ] Am Coll Cardiol 2007;50:261-7.

27. Grube E, Dawkins KD, Guagliumi G, et al. TAXUS VI 2-year follow
up: randomized comparison of polymer-based paclitaxel-eluting with
bare metal stents for treatment of long, complex lesions. Eur Heart ]
2007;28:2578—-82.

28. Pfisterer M, Brunner-La Rocca HP, Buser PT, et al. Late clinical
events after clopidogrel discontinuation may limit the benefit of
drug-eluting stents. An observational study of drug-eluting stents
versus bare-metal stents. ] Am Coll Cardiol 2006;48:2584-91.

29. Eisenstein EL, Anstrom KJ, Kong DF, et al. Clopidogrel use and
long-term  clinical outcomes after drug-eluting stent implantation.
JAMA 2007;297:159-68.

Key Words: drug-eluting stents B off-label indications ®
percutaneous coronary intervention (PCI).

=] APPENDIX

STENT Registry Study Centers: Carolinas Medical Center, Charlotte, North
Carolina; High Point Regional Hospital, High Point, North Carolina; Indiana
Heart Institute, Indianapolis, Indiana; Moore Regional Medical Center, Pine-
hurst, North Carolina; Moses H. Cone Heart and Vascular Center/LeBauer
Cardiovascular Research, Greensboro, North Carolina; McLeod Regional
Medical Center, Florence, South Carolina; Sisters of Charity Providence
Hospitals, Columbia, South Carolina; Wellmont Holston Valley Medical
Center, Kingsport, Tennessee.

For a table on propensity adjustments, please see the online version of this
article.
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