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Abstract

Aims: In drug-eluting stent (DES) restenosis, the contribution of drug hyporesponsiveness is poorly defined.
We sought to evaluate if, in the setting of treatment for in-stent restenosis, the relative efficacy of sirolimus-
eluting stents (SES) and of paclitaxel-eluting stents (PES) depends on the underlying substrate in which the
stents are implanted, i.e., on whether the restenosis occurs within bare metal stents or within SES.

Methods and results: We pooled data from the ISAR-DESIRE and ISAR-DESIRE 2 randomised trials and
analysed outcomes in SES-treated and PES-treated patients. In all, 650 patients were included. Angiographic
follow-up was available for 87% of patients. In SES-treated patients, both late loss (LL) and percentage
diameter stenosis (%DS) were lower in patients treated for bare metal stent restenosis compared with SES
restenosis (0.2120.59 mm versus 0.41+£0.66 mm, p=0.007; 27.6+19.4% versus 34.0+£20.9%, p=0.015, respec-
tively). In PES-treated patients, LL and %DS were similar in patients treated for bare metal stent restenosis
compared with SES restenosis (0.48+0.59 mm versus 0.39+0.71, p=0.47; 33.5+22.2% versus 32.7+18.6%,
p=0.75, respectively). Similarly, in terms of overall clinical efficacy, in SES-treated patients clinical out-
comes were better in patients with bare metal stent restenosis compared with SES restenosis while in PES-
treated patients outcomes were similar in both groups. At multivariate analyses the use of SES to treat
restenosis within SES was predictive of both higher LL and %DS.

Conclusions: The efficacy of sirolimus-eluting but not paclitaxel-eluting stents is significantly reduced
when used for treatment of SES restenosis as compared to bare metal stent restenosis. The lower antiresten-
otic efficacy following SES implantation in patients with SES restenosis may support a role for drug resist-

ance in restenosis within these stents.
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Introduction

Drug-eluting stents (DES) are highly successful in preventing coro-
nary restenosis and have been widely adopted into clinical routine
worldwide'. As a consequence of this, in spite of their high efficacy,
when a clinician is faced with in-stent restenosis in practice, it is
usually restenosis within DES?. However, despite a decade of clini-
cal experience with these devices, the specific mechanisms under-
lying DES restenosis remains an issue of some controversy. In
particular, although it is hypothesised that the aetiology of resteno-
sis within DES is multifactorial comprising biological, mechanical
and technical factors, the contribution of drug hyporesponsiveness
to this pathophysiological process is poorly defined®*.

To investigate this question, we pooled data from the Intracoronary
Stenting and Angiographic Results: Drug Eluting Stents for In-Stent
Restenosis (ISAR-DESIRE)® and ISAR-DESIRE 2¢ randomised
trials, which investigated the optimal treatment of patients with reste-
nosis within bare metal and drug-eluting stents, respectively. In the
current analysis we sought to evaluate if, in the setting of treatment
for in-stent restenosis, the relative efficacy of sirolimus-eluting stents
(SES) and of paclitaxel-eluting stents (PES) depends on the underly-
ing substrate in which the stents are implanted, i.e., on whether the
restenosis occurs within bare metal stents or within SES.

Methods
The methods of the ISAR-DESIRE and ISAR-DESIRE 2 clinical
trials have been reported in detail previously>®.

In brief, the ISAR-DESIRE trial enrolled patients with restenosis
occurring within bare metal stents. Patients were randomly assigned
to treatment with plain balloon angioplasty, SES (CYPHER®;
Cordis, Warren, NJ, USA) or PES (TAXUS™; Boston Scientific,
Natick, MA, USA). The primary endpoint was binary angiographic
restenosis at six to eight-month follow-up angiography.

In ISAR-DESIRE 2, patients with restenosis occurring within
sirolimus-eluting DES were randomly assigned to receive either
SES (CYPHER) or PES (TAXUS). Patients with restenosis occur-
ring in either the CYPHER SES or the sirolimus-eluting ISAR stent
(Individualizable drug-eluting Stent system to Abrogate Restenosis;
based on Yukon [Translumina, Hechingen, Germany] backbone)’
were enrolled in the study. The primary endpoint was in-stent late
lumen loss.

Inclusion criteria were comparable in both studies: patients
older than age 18 with ischaemic symptoms or evidence of myo-
cardial ischaemia (inducible or spontaneous) in the presence of
a restenosis >50% located in the native vessel segment were con-
sidered eligible, provided that written, informed consent by the
patient or her/his legally-authorised representative for participa-
tion in the study was obtained. Patients with a target lesion located
in the left main stem, acute myocardial infarction within the pre-
ceding 48 hours, cardiogenic shock, malignancies or other comor-
bid conditions with life expectancy less than 12 months, known
allergy to the study medications (sirolimus, paclitaxel) or preg-
nancy (present, suspected or planned) were considered ineligible
for the study.

Study protocols

Treatment protocols were comparable in both studies. An oral load-
ing dose of 600 mg clopidogrel was administered to all patients
prior to the intervention, regardless of whether the patient was tak-
ing clopidogrel prior to admission. During the procedure, patients
were given intravenous aspirin, heparin or bivalirudin; glycoprotein
IIb/IIIa inhibitor usage was at the discretion of the operators. After
the intervention all patients, irrespective of treatment allocation,
were prescribed 200 mg/day aspirin indefinitely, clopidogrel 150 mg
for the first three days (or until discharge) followed by 75 mg/day
for at least six months and other cardiac medications according to
the judgement of the patient’s physician (e.g., B-blockers, ACE-inhib-
itors, statins, etc.). After enrolment, patients remained in hospital
for at least 48 hours. Blood samples were drawn every eight hours
for the first 24 hours after randomisation and daily afterwards for
the determination of cardiac markers (CK, CK-MB, Troponin T).
Daily recording of ECG was also performed until discharge. All
patients were evaluated at one and twelve months by phone or
office visit. Repeat coronary angiography was scheduled for all
patients at six to eight months.

Data management, endpoints, and definitions

In both studies data were collected and entered into a computer data-
base by specialised personnel of the Clinical Data Management Cen-
tre. All events were adjudicated and classified by an events
adjudication committee blinded to the treatment groups. Baseline,
postprocedural, and follow-up coronary angiograms were digitally
recorded and assessed off-line in the quantitative angiographic
(QCA) core laboratory (ISARESEARCH Centre, Munich, Germany)
with an automated edge-detection system (Medis Medical Imaging
Systems, Leiden, The Netherlands) by experienced operators una-
ware of the treatment allocation. Measurements were performed on
cineangiograms recorded after the intracoronary administration of
nitroglycerine. Baseline QCA measurements were performed using
the single worst view projection for the index lesion; the same view
projection was used for the measurements after stent implantation. In
the follow-up angiogram, the QCA measurements were performed
using the single worst view projection at that time point. The con-
trast-filled non-tapered catheter tip was used for calibration. Quanti-
tative analysis was performed on both the “in-stent” and “in-segment”’
areas (including the stented segment, as well as both 5 mm margins
proximal and distal to the stent). Restenosis morphology was adjudi-
cated according to criteria modified from Mehran et al®.

In the present analysis the primary endpoints of interest were in-
stent late loss (defined as the difference between the minimal luminal
diameter at the end of the procedure and the minimal luminal diam-
eter at follow-up angiography) and in-segment percentage diameter
stenosis at follow-up angiography. Recurrent binary angiographic
restenosis was defined as diameter stenosis >50 % in the in-segment
area at follow-up angiography. The secondary endpoint of interest
was the composite of death, myocardial infarction or target lesion
revascularisation (TLR) at 12 months. Details of definition of the
individual endpoint components are as described previously**.



Statistical analysis

Patients were analysed in two groups according to the type of drug-
eluting stent treatment received, i.e., SES-treated and PES-treated. The
objective of the study was to compare outcomes in: (i) SES-treated
patients who were treated for restenosis within bare metal stents versus
restenosis within SES; and (ii) PES-treated patients who were treated
for restenosis within bare metal stents versus restenosis within SES.
Continuous data are presented as mean (SD). Categorical data are pre-
sented as counts (%). Clinical outcome data are presented as counts (%
by survival analysis). Differences between groups were checked for
significance using Student’s t-test or Kruskal-Wallis rank sum test in
case of skewed distribution for continuous data and chi-squared test (or
Fisher’s exact test where the expected cell value was <5) for categori-
cal variables. Two separate multivariate analyses (linear regression
model ~ANOVA) were used to identify the independent predictors of
LL and in-segment %DS. All variables in Table 1 reporting a p-value
<0.10 were entered into the models. In addition, further variables (the
presence of restenosis within SES, the use of SES to treat in-stent reste-
nosis, and the interaction of SES use within SES restenosis) were
entered into the model. Survival was assessed using the methods of
Kaplan-Meier and compared using the log-rank test. For all calcula-
tions a p-value <0.05 was considered statistically significant. Statistical
software S-PLUS, version 4.5 (S-PLUS, Insightful Corp, Seattle, WA,
USA) was used for analysis.

Table 1. Baseline patient characteristics in ISAR-DESIRE and
ISAR-DESIRE 2.

ISAR- ISAR-

DESRE* | DESRE2 | PYale
Patients 200 450 -
Age 64.2+10.6 66.7+10.6 0.005
Female 43 (21.5) 105 (23.3) 0.60
Diabetes mellitus 58 (29.0) 162 (36.0) 0.08
Hypertension 107 (54.0) 326 (72.4) <0.001
Hyperlipidaemia 111 (56.0) 341 (75.8) <0.001
Current smoker 22 (11.0) 54 (12.0) 0.71
Prior myocardial infarction 100 (50.0) 202 (44.9) 0.22
Prior bypass surgery 28 (14.0) 81(18.0) 0.20
Multivessel disease 160 (80.0) 392 (87.1) 0.02
Restenosis morphology 0.001
Type | (focal) 107 (83.5) 288 (64.0)
Type Il (diffuse) 82 (41.5) 145(32.2)
Type IIl (proliferative) 3(1.5) 0(0.0)
Type IV (occlusive) 7(3.5) 17 (3.8)
Lesion length, (mm) 14.3+£8.5 12.6+7.9 0.005
Vessel size, (mm) 2.63+0.47 2.79+0.47 <0.001
Minimal lumen diameter, pre (mm) 0.99+0.43 1.00+0.52 0.79
Balloon diameter, (mm) 3.08+0.40 3.10+0.49 0.76
Minimal lumen diameter, post, 2.56+0.45 2.56+0.42 0.84
in-stent (mm)

Sirolimus resistance in in-stent restenosis

Results

In all, 650 patients were included, comprising 200 patients from
ISAR-DESIRE who were randomised to receive either SES (n=100)
or PES (n=100), as well as 450 patients from ISAR-DESIRE 2 who
were randomised to receive either SES (n=225) or PES (n=225).
Baseline characteristics were well matched across the study arms of
each trial. Comparison of baseline patient, lesion and procedural
characteristics between patients enrolled in ISAR-DESIRE and
ISAR-DESIRE 2 are presented in Table 1. Patients in ISAR-DESIRE
had significantly smaller vessels, longer lesion length and more often
diffuse pattern restenosis. Patients enrolled in ISAR-DESIRE 2 were
significantly older, and more likely to have hypertension, hyperlipi-
daemia and multivessel disease. Angiographic follow-up was avail-
able for 87% of patients; the results in SES-treated (n=281) and
PES-treated (n=283) patients are presented in Tahle 2.

In SES-treated patients, both late loss and percentage diameter ste-
nosis were lower in patients treated for bare metal stent restenosis com-
pared with SES restenosis (0.21+0.59 mm versus 0.41+0.66 mm,
p=0.007, Figure 1A; 27.6+19.4% versus 34.0£20.9%, p=0.015,
respectively).

Against this, in PES-treated patients, late loss and percentage
diameter stenosis were similar in patients treated for bare metal stent
restenosis compared with SES restenosis (0.48+0.59 mm versus
0.39+0.71 mm, p=0.47, Figure 1B; 33.5+22.2% versus 32.7+18.6%,
p=0.75, respectively).

At multivariate analyses (Table 3), hypertension, longer lesions
and the use of SES to treat restenosis within SES were predictive of
LL, whilst longer lesions, smaller vessels and the use of SES to
treat restenosis within SES were predictive of %DS.

Details of clinical follow-up in SES-treated and PES-treated
patients are presented in Table 4. In terms of overall clinical efficacy,
in SES-treated patients the composite of death, myocardial infarction

Table 2. Angiographic outcomes at 6-8 months: SES-treated and
PES-treated patients.

SES-treated patients S SI.ES SR BMS p-value
restenosis | restenosis
Patients 190 91
Minimal luminal diameter, in-segment, mm 1.95+0.73 2.07+0.69 0.16
Stenosis, in-segment, % 34.0+20.9 27.6+19.4 0.015
Late loss, in-stent, mm 041+0.66 | 0.21+0.59 0.007
Recurrent binary restenosis 37(19.5) 13(14.3) 0.29

PES for SES |PES for BMS '

PES-treated patients . .| p-value
restenosis | restenosis

Patients 191 92

Minimal luminal diameter, in-segment, mm 1.96+0.67 1.94+0.72 0.78
Stenosis, in-segment, % 32.7+18.6 33.5+22.2 0.75
Late loss, in-stent, mm 0.39+0.59 | 0.48+0.71 047

Recurrent binary restenosis 38(19.9) 20(21.7) 0.72

Data shown as patient level analysis and presented as means=+SD or number (percentage).
*Patients allocated to the balloon angioplasty arm are not included.

Data shown as patient level analysis and presented as means=£SD or number (percentage).
BMS: bare metal stent; PES: paclitaxel-eluting stent; SES: sirolimus-eluting stent
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A Late lumen loss in SES-treated patients

Table 3. Independent predictors of primary endpoints.

100
. In-stent In-segment
Variable . g .
80 late loss diameter stenosis
€ | p=0.007 Age 0.73 0.40
Q
£ 6071 - Diabetes 0.51 0.68
o Restenosis in SES
T 104 Mean late loss 0.41 mm Hypertension 0.047 0.42
§ / Hyperlipidaemia 0.60 0.82
2 Restenosis in BMS Multivessel disease 0.80 0.78
Mean late loss 0.21
04 Restenosis morphology 0.55 0.29
-2 -1 0 1 2 3 Lesion length 0.027 0.017
Late lumen loss (mm)
Vessel size 0.78 0.0004
B Late lumen loss in PES-treated patients Restenosis within SES 0.51 0.16
100 SES use within restenosis 0.24 0.61
0. SES use within SES restenosis 0.003 0.024
9 p-values are derived from linear regression model (ANOVA);
@ 604 p=041 SES: sirolimus-eluting stent
©
g Restenosis in BMS
& 104 Mean late loss 0.48 . .
E _— Discussion
© 204 ResiEnesls (n 95 The results of the current analysis demonstrate that the efficacy of
A (i (o= @19 i sirolimus-eluting but not paclitaxel-eluting stents is significantly
[]-

T T T T T T
-2 -1 0 1 2 3
Late lumen loss (mm)

Figure 1. A) SES-treated patients: cumulative frequency distribution
curves for in-stent late loss according to index stent type. B) PES-
treated patients: cumulative frequency distribution curves for in-stent
late loss according to index stent type. BMS: bare metal stent;

PES: paclitaxel-eluting stent; SES. sirolimus-eluting stent

or TLR was lower in patients treated for bare metal stent restenosis
compared with SES restenosis (11[11.1%] versus 44[20.4%], p=0.05,
Figure 2A). On the other hand, in PES-treated patients the composite
of death, myocardial infarction or TLR was similar in both groups
(22[22.4%)] versus 41[19.6%)], p=0.45, Figure 2B).

A Death, myocardial infarction or TLR B Death, myocardial infarction or TLR

7 p=0.05 1 p=045
20.4 224
2 . 20 19.6
11.1
10 10
0+ 1 0+

SES-treated patients
[ Restenosis in BMS M Restenosis in SES

PES-treated patients
[ Restenosis in BMS I Restenosis in SES

Figure 2. A) SES-treated patients: death, myocardial infarction or
TLR at 12 months according to index stent type. B) PES-treated
patients: death, myocardial infarction or TLR at 12 months
according to index stent type. BMS: bare metal stent;

PES: paclitaxel-eluting stent; SES. sirolimus-eluting stent,

TLR: target lesion revascularisation

reduced when used for treatment of SES restenosis as compared to
bare metal stent restenosis. In particular, lower absolute levels of
neointimal suppression (measured as angiographic late loss or per-
centage diameter stenosis) were observed following SES implanta-
tion in patients presenting with SES restenosis as compared with

bare metal stent restenosis. This difference was not observed

Table 4. Clinical results at 1 year: SES-treated and PES-treated
patients.

SES for SES | SES for BMS

SES-treated patients restenosis | restenosis p-value
Patients 225 100
Death 7(3.4) 2(2.0) 0.53
Myocardial infarction 6 (2.7) 1(1.0) 0.34
Death or myocardial infarction 13 (6.0) 3(3.0) 0.26
Definite stent thrombosis 1(0.4) 2(2.1) 0.18
Target lesion revascularisation 35(16.5) 8(8.2) 0.056

Death, myocardial infarction or target

‘ o 44.(20.4) 11(11.1) 0.05
lesion revascularisation

PES for SES | PES for BMS
restenosis | restenosis

PES-treated patients

Patients 225 100

Death 9 (4.5) 1(1.0) 0.12
Myocardial infarction 4(1.8) 2(2.0) 0.90
Death or myocardial infarction 12 (5.8) 3(3.0) 0.31
Definite stent thrombosis 1(0.4) 1(1.0) 0.55
Target lesion revascularisation 29 (14.1) 19 (19.5) 0.17

Death, myocardial infarction or target

‘ o 41(19.6) 22 (22.4) 0.45
lesion revascularisation

Data shown as number (percentages are Kaplan-Meier estimates); p-value from log-rank

test. BMS: bare metal stent; PES: paclitaxel-eluting stent; SES: sirolimus-eluting stent




following PES implantation. At multivariate analysis, SES implanta-
tion in patients presenting with SES restenosis was independently
associated with in-stent late loss and percentage of in-segment
diameter stenosis. These findings lend some support to the aetio-
logical relevance of drug hyporesponsiveness in restenosis occur-
ring within SES. Although the present study lacks sufficient power
to address definitively the clinical impact of the observed lower
antirestenotic efficacy of SES implantation in patients presenting
with SES restenosis, the correlation of angiographic performance
with reduced overall clinical efficacy supports the clinical rele-
vance of these observations.

Although these findings may be regarded as novel, some caution
is required in the interpretation of the results and the data should be
regarded as hypothesis-generating in nature. Two limitations in par-
ticular should be considered in further detail. First of all, the analy-
sis is of pooled individual data from two randomised trials enrolling
different patient populations (those with bare metal stent restenosis
in ISAR-DESIRE and those with DES restenosis in ISAR-
DESIRE 2) at different historical time points. Indeed, comparison
of differences in the overall study populations (Table 1) is in itself
not without merit. Patients with restenosis within DES enrolled in
ISAR-DESIRE 2 were older and more likely to have hypertension,
hyperlipidaemia and multivessel disease. This highlights the uptake
of catheter intervention in increasingly complex patient groups fol-
lowing the introduction of DES therapy. Against this, patients with
restenosis within bare metal stents enrolled in the ISAR-DESIRE
trial were notable for longer lesion length and smaller vessel size
(both subgroups where bare metal stent efficacy was most signifi-
cantly compromised) as well as more diffuse pattern restenosis
(a well-recognised feature of bare metal stent restenosis). On the
other hand, the internal validity of the current analysis is supported
by common inclusion criteria and recruitment centres in the indi-
vidual studies, the equal contribution of both trials to the SES-
treated and PES-treated groups and the lack of baseline differences
between the treatment groups in the individual randomised trials.

Secondly, it is widely appreciated that drug-eluting stent resteno-
sis is a multifactorial clinicopathological entity®*. As such, it must
be considered that the observed decrement in efficacy when the
CYPHER SES was implanted for SES restenosis might conceiva-
bly be due to other device-specific factors, including polymer
hypersensitivity or loss of structural integrity (stent fracture). In this
respect, however, by comparing the relative efficacy of the SES and
PES in bare metal stent versus SES restenosis, we attempted to iso-
late the potential contribution of drug hyporesponsiveness to neoin-
timal inhibition and clinical efficacy, using the performance of both
DES in bare metal stent restenosis as a benchmark.

Recent experience from other clinical trials provides conflicting
evidence on the impact of drug hyporesponsiveness in DES reste-
nosis in terms of defining the optimal treatment of these patients. In
the RIBS-III study, Alfonso and colleagues reported that a “hetero-
DES?” strategy —namely the switch to a different DES to manage
DES restenosis — is superior to a “homo-DES” strategy — the use of
the same DES for DES restenosis — in terms of both angiographic

Sirolimus resistance in in-stent restenosis

and clinical efficacy’. On the other hand, however, an earlier angio-
graphic study by Cosgrove et al showed similar results with a same
or switch strategy (albeit with an angiographic follow-up rate of
only 69%)!° and Garg et al also found no differences in clinical
events in a small observational cohort'.

At a mechanistic level, the resistance or hyporesponsiveness to
sirolimus and its analogues is well described in the oncological lit-
erature'>"3, Sirolimus and related limus compounds (rapamycins)
exert their cellular actions by complexing with FKBP12 before
inhibiting the mammalian target of rapamycin (mTOR), a central
integrator of cellular signal transduction. At a vascular smooth
muscle level, these drugs inhibit the injury-induced growth-factor-
mediated cellular proliferation that is a hallmark of vascular reste-
nosis and this forms the cornerstone of effective DES therapy. The
mechanisms of resistance to sirolimus are multiple and include
decreased drug binding to FKBP12 and impaired interaction of the
FKBP12-drug complex at the mTOR receptor, usually due to muta-
tion in either of these proteins. In addition, mutations or defects in
principal downstream effector molecules such as S6K1, 4E-BP1
and p27Kipl result in resistance to the antimitogenic effect of
sirolimus. The prevalence of such mutations in coronary disease
patients and their impact on DES restenosis remain to be deline-
ated. Potentially, however, genetic testing might conceivably be
used to identify a priori the patients whom we encounter in clinical
practice who appear to exhibit resistance to this class of drugs. Such
data might in turn provide an evidence base for tailoring stent
choice in selected patient groups.

It should be acknowledged that the results relating to potential
drug hyporesponsiveness in the present analysis do not relate to
patients with restenosis within PES. However, in this respect we
previously published an analysis of patients with angiographic fol-
low-up after SES implantation for PES restenosis'*. These patients
had an in-stent late loss of 0.32 mm and an in-segment percentage
diameter stenosis 36.5% — findings not dissimilar to the SES reste-
nosis group treated with SES in the current analysis. These rela-
tively high percentage diameter stenosis rates in particular serve to
emphasise that outcomes for DES restenosis patients in general
remain suboptimal*!® —a condition that might be termed patient
(not just drug) hyporesponsiveness. Finally, in keeping with the
design of both included studies, the current analysis focuses primar-
ily on angiographic endpoints; this analysis is underpowered for
comparisons in relation to clinical events.

In conclusion, the findings from the present analysis of the
ISAR-DESIRE and ISAR-DESIRE 2 trials show that the efficacy
of sirolimus-eluting but not paclitaxel-eluting stents is significantly
reduced when used for treatment of SES restenosis as compared to
bare metal stent restenosis. The lower antirestenotic efficacy fol-
lowing SES implantation in patients with SES restenosis lends sup-
port to the hypothesis that drug resistance plays a role in restenosis

within these stents.

Funding

There was no extramural funding used for this work.

m
=
=
=
=
=3
(1]
2
(1]
=
=
o
=
N
o
—
QL
o
~
©
>
[=:]
o
N




™
=
=
=
=
=3
(1]
2
(1]
=
=
o
=
N
o
—
&
o
~
©
T‘
o
o
N

Conflict of interest statement
The authors have no conflicts of interest to declare.

References

1. Byrne RA, Sarafoff N, Kastrati A, Schomig A. Drug-eluting
stents in percutaneous coronary intervention: a benefit-risk assess-
ment. Drug Saf. 2009;32:749-70.

2. Kastrati A, Byrne R. New roads, new ruts: lessons from drug-
eluting stent restenosis. JACC Cardiovasc Interv. 2011;4:165-7.

3. Dangas GD, Claessen BE, Caixeta A, Sanidas EA, Mintz GS,
Mehran R. In-stent restenosis in the drug-eluting stent era. J Am
Coll Cardiol. 2010;56:1897-907.

4. Byrne RA, Joner M, Massberg S, Kastrati A. Restenosis in
bare metal and drug-eluting stents. In: Escaned J, Serruys PW,
(eds). Coronary Artery Stenosis: Imaging, structure and physiology.
Toulouse, France: PCR Publishing; 2010.

5. Kastrati A, Mehilli J, von Beckerath N, Dibra A, Hausleiter J,
Pache J, Schuhlen H, Schmitt C, Dirschinger J, Schomig A.
Sirolimus-eluting stent or paclitaxel-eluting stent vs balloon angio-
plasty for prevention of recurrences in patients with coronary in-stent
restenosis: a randomized controlled trial. JAMA. 2005;293:165-71.

6. Mehilli J, Byrne RA, Tiroch K, Pinieck S, Schulz S, Kufner S,
Massberg S, Laugwitz KL, Schomig A, Kastrati A. Randomized
trial of paclitaxel- versus sirolimus-eluting stents for treatment of
coronary restenosis in sirolimus-eluting stents: the ISAR-DESIRE
2 (Intracoronary Stenting and Angiographic Results: Drug Eluting
Stents for In-Stent Restenosis 2) study. J Am Coll Cardiol.
2010;55:2710-6.

7. Mehilli J, Kastrati A, Wessely R, Dibra A, Hausleiter J,
Jaschke B, Dirschinger J, Schomig A. Randomized trial of a nonpol-
ymer-based rapamycin-eluting stent versus a polymer-based pacli-
taxel-eluting stent for the reduction of late lumen loss. Circulation.
2006;113:273-9.

8. Mehran R, Dangas G, Abizaid AS, Mintz GS, Lansky Al,
Satler LF, Pichard AD, Kent KM, Stone GW, Leon MB. Angiographic

patterns of in-stent restenosis: classification and implications for long-
term outcome. Circulation. 1999;100:1872-8.

9. Alfonso F, Pérez-Vizcayno MJ, Dutary J, Zueco J, Cequier A,
Garcia-Touchard A, Marti V, Lozano I, AngelJ, Hernandez JM,
Lopez-Minguez JR, Melgares R, Moreno R, Seidelberger B,
Fernandez C, Hernandez R; RIBS-III Study Investigators (under the
auspices of the Working Group on Interventional Cardiology of the
Spanish Society of Cardiology). Implantation of a drug-eluting stent
with a different drug (switch strategy) in patients with drug-eluting
stent restenosis. Results from a prospective multicenter study (RIBS
III [Restenosis Intra-Stent: Balloon Angioplasty Versus Drug-Eluting
Stent]). JACC Cardiovasc Interv. 2012;5:728-37.

10. Cosgrave], MelziG, CorbettS, Biondi-Zoccai GG, BabicR,
Airoldi F, Chieffo A, Sangiorgi GM, Montorfano M, Michev I, Carlino M,
Colombo A. Repeated drug-eluting stent implantation for drug-eluting stent
restenosis: the same or a different stent. Am Heart J. 2007;153:354-9.

11. Garg S, Smith K, Torguson R, Okabe T, Slottow TL,
Steinberg DH, Roy P, Xue Z, Gevorkian N, Satler LF, Kent KM,
Suddath WO, Pichard AD, Waksman R. Treatment of drug-eluting
stent restenosis with the same versus different drug-eluting stent.
Catheter Cardiovasc Interv. 2007;70:9-14.

12. Kurmasheva RT, Huang S, Houghton PJ. Predicted mechanisms
of resistance to mTOR inhibitors. Br J Cancer: 2006;95:955-60.

13. Huang S, Houghton PJ. Mechanisms of resistance to rapamy-
cins. Drug Resist Updat. 2001;4:378-91.

14. Byrne R, lijima R, Mehilli J, Pache J, Schulz S, Schomig A,
Kastrati A. Treatment of Paclitaxel-eluting stent restenosis with
sirolimus-eluting stent implantation: angiographic and clinical out-
comes. Rev Esp Cardiol. 2008;61:1134-9.

15. Steinberg DH, Gaglia MA Jr, Pinto Slottow TL, Roy P, Bonello L,
De Labriolle A, Lemesle G, Torguson R, Kineshige K, Xue Z,
Suddath WO, Kent KM, Satler LF, Pichard AD, Lindsay J, Waksman R.
Outcome differences with the use of drug-eluting stents for the
treatment of in-stent restenosis of bare-metal stents versus drug-
eluting stents. Am J Cardiol. 2009;103:491-5.



