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Abstract 

 

Aims: This study examined whether polymer-based coronary stents eluting sirolimus or 
paclitaxel are equally effective in patients with and without diabetes. 

Methods: A systematic review and meta-analysis was performed using indirect comparisons 
of randomised controlled trials comparing stents eluting sirolimus or paclitaxel with 
conventional bare metal stents. Separate analyses were performed for the overall study 
population and for patients with and without diabetes, respectively, using the ratio of 
incidence rate ratios (RIRR). 

Results: The analysis was based on ten trials (six sirolimus, four paclitaxel), 4,513 patients 
(1,146 patients with diabetes), 5,755 years of follow-up and 2,464 events. In patients without 
diabetes sirolimus eluting stents were superior to paclitaxel eluting stents with respect to in-
stent (RIRR=0.21, 95% CI 0.10 to 0.48, p<0.001) and in-segment restenosis (0.47, 0.24 to 
0.92, p=0.027), target lesion revascularisation (0.54, 0.30 to 0.99, p=0.045), and major 
adverse cardiac events (0.46, 0.26 to 0.83, p=0.010). In patient with diabetes there were no 
significant differences between the two drug eluting stents for all of these endpoints. Meta-
regression analysis revealed a significant difference between patients with and without 
diabetes (tests for interaction for in-stent and in-segment restenosis: p=0.036 and p=0.016). 

Conclusion: Indirect evidence indicates that stents eluting sirolimus are superior to paclitaxel 
eluting stents in patients without diabetes but not in patients with diabetes. 

 

Key Words: meta-analysis, revascularisation, stents, coronary disease, diabetes mellitus 
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Introduction  

Currently there are two FDA approved drug eluting stents, a sirolimus and a paclitaxel 
eluting stent. Both drug eluting stents share a similar stent platform consisting of a stainless 
steel stent and a non-biodegradable polymer for controlled drug-release. Several randomised 
controlled trials and meta-analyses have shown that both drug eluting stents reduce restenosis 
and the need for repeated revascularisation procedures compared with bare metal stents.1-11 

More recently, two large randomized head to head comparisons12 13 and a meta-
analysis14 have shown that sirolimus is superior to paclitaxel in the prevention of restenosis. 
Open questions remain, however. In particular, it is unclear whether the clinical benefits of 
these two drug eluting stents are similar across patient groups who differ in terms of 
underlying cardiovascular risk. Diabetes mellitus is a common and a major risk factor for 
cardiovascular disease.15 16 Patients with diabetes tend to present with more advanced 
coronary artery disease, and outcomes after percutaneous coronary interventions tend to be 
poorer compared to patients without diabetes.17-19 The beneficial effect of drug eluting stents 
appears attenuated in patients with diabetes compared to patients without diabetes most 
probably due to more severe neointimal hyperplasia.20 21 The aim of the present study was to 
indirectly compare the effects of polymer-based sirolimus and paclitaxel eluting stents and to 
evaluate whether they are equally effective in the prevention of restenosis in patients with and 
without diabetes, respectively. 
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Methods 

Literature search and eligibility criteria 

We identified all randomised clinical trials that compared the two commercially 
available, polymer-based drug eluting stent systems (the CypherTM stent, Cordis, USA, which 
eluties sirolimus; and the TaxusTM stent, Boston Scientific, USA, which elutes paclitaxel) with 
bare metal stents. Using Cochrane methodology we searched MEDLINE, EMBASE, and the 
Cochrane Controlled Trials Register (from inception to April 2004) for relevant studies in any 
language. Electronic searches were supplemented by hand searching of reference lists, 
reviews, relevant book chapters, conference abstracts, and specialist journals. We also 
scrutinised the proceedings of the relevant Food and Drug Administration (FDA) advisory 
panels.  

We evaluated each trial for inclusion in the meta-analysis on the basis of five criteria: 
(i) study design (randomised controlled trial); (ii) study population (patients with stable or 
unstable angina, as defined elsewhere22 23 and signs of myocardial ischaemia. Patients had to 
have a new target lesion in a native coronary artery); (iii) intervention group (sirolimus or 
paclitaxel polymer-based stent systems); (iv) control group (bare metal stent); and (v) length 
of follow-up (at least four months). Two reviewers (CS, SA) independently assessed 
publications for eligibility, with discrepancies being resolved in consultation with a third 
reviewer (PD, BM). 

Data extraction and outcome measures 
Two investigators (CS and SA) independently extracted data, with disagreements 

resolved by a third reviewer (PD or BM). All relevant publications from a trial were 
considered, including, for example, early publications describing the study design. Authors 
from all studies, were contacted and asked to check the information extracted from published 
articles and, where necessary, to provide additional data. Study endpoints were defined as 
follows: (i) in-stent restenosis (stenosis of 50% or greater of the target lesion, confirmed by 
coronary angiography or intravascular ultrasound); (ii) in-segment restenosis (stenosis of 
50% or greater of the target segment, confirmed by coronary angiography or intravascular 
ultrasound); (iii) target lesion revascularisation (coronary artery bypass grafting or repeat PCI 
procedure at the original lesion site, including the area inside the stent and the 5-mm vessel 
segments adjacent to it); (iv) major adverse cardiac events (MACE, including Q-wave and 
non-Q-wave myocardial infarction, surgical revascularisation (CABG), percutaneous 
revascularisation (PCI), or death). 

Assessment of methodological quality 

Two of us (CS and SA) independently assessed the adequacy of the concealment of 
allocation of patients to treatment groups and blinding of care providers and research staff 
ascertaining cardiovascular outcomes. Disagreements were resolved in discussion with a third 
reviewer (ME). 

Statistical analysis 
We calculated the incidence rate by dividing the number of events by the number of 

person-years of follow up and performed separate analyses for all patients, patients with 
diabetes, and patients without diabetes. For each comparison and endpoint the incidence rate 
ratio (IRR) was obtained by dividing the incidence in the drug eluting stent group by the 
incidence in the bare metal stent group. Studies with no outcome events in either group were 
excluded from the respective analysis. Comparisons with events only in one group were 
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analysed by adding one half to all cells. We combined IRRs in fixed-effects meta-analysis, 
using inverse-variance weighting and calculated the I-squared statistic, which describes the 
percentage of total variation across studies that is due to heterogeneity rather than chance. We 
also did standard tests of heterogeneity.24 The numbers of patients needed to be treated with 
drug eluting rather than bare metal stents in order to prevent one adverse event was calculated 
by applying the combined IRRs to the median incidence rate in the bare metal stents group of 
patients with or without diabetes. In sensitivity analyses we repeated calculations using 
random-effects models and did tests of funnel plot asymmetry.25 For comparisons between 
the two drug eluting stent systems we calculated the ratio of IRRs using a random-effects 
meta-regression model.26 

Crude and adjusted indirect comparisons were performed by fitting random effects 
meta-regression models.26 Variables entered in the model included the drug (sirolimus versus 
paclitaxel), stent strut thickness, study characteristics (dimensions of trial quality, length of 
angiographic and clinical of follow-up), angiographic parameters (length of target lesion, 
reference vessel diameter, proportion of patients with angiographic follow-up, mean duration 
of use of clopidogrel or ticlopidine, proportion of patients receiving glycoprotein (Gp) IIb/IIIa 
antagonists, target artery, ACC-AHA lesion classification, proportion of patients with 
multivessel disease, proportion of patients with stable and unstable angina, and use of direct 
stenting) and the characteristics of study populations at baseline (mean age, proportion of 
women, proportion of patients with hypertension or dyslipidemia, proportion of smokers). A 
recent analysis of data from the BENESTENT II study 27 showed that the inclusion of 
angiographic follow up increased the number of repeat revascularisations by factor 1.6.28 In a 
sensitivity analysis we re-analysed the data using this factor to correct for angiography driven 
revascularisations. Results are presented as incidence rate ratios (IRRs) with 95% confidence 
intervals (CIs) and numbers needed to treat and 95% confidence intervals. All analyses were 
performed using Stata version 8.2 (Stata Corporation, College Station, TX, USA). 
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Results 

Identification of eligible studies 
We screened the titles and abstracts of 233 potentially eligible reports, examined the 

full text of 57 articles reporting on 29 different studies, and identified ten studies that met our 
inclusion criteria (Figure 1). Additional, unpublished data were obtained for 7 trials.1-3 5 6 29 30 

Characteristics of trials and patients 

Six trials1-4 8 30 examined the sirolimus and four5-7 31 the paclitaxel eluting stent. Trials 
were of high methodological quality: appropriate methods of allocation concealment were 
described for all trials and most trials reported analyses according to the intention-to-treat 
principle. For one trial3 the degree of blinding of outcome assessors remained unclear. In all 
trials patients with recent acute myocardial infarction or a stenosis of 50% or greater in the 
left main coronary artery and patients with heart failure were excluded. In all studies except 
one30 patients with diabetes represented a subgroup of the study population. Stratified 
randomisation of patients with and without diabetes was reported in two trials.4 7 Five trials 
were performed in Europe, 1 5 8 30 31 three in North-America3 4 7 and two were multicentre trials 
performed in Europe, North-, Central- and South-America.2 6  

The ten trials included a total of 4,513 patients, 1,146 (25%) patients with and 3,367 
(75%) patients without diabetes. The characteristics of the study participants are shown in 
Table 1. Patient characteristics were generally comparable across trials. The mean age of 
patients at baseline ranged from 60 to 67 years. There was some variation in the proportions 
of women and smokers, and the proportions of patients with hypertension or dyslipidemia. 
Indications for PCI were similar across trials (Table 2). There was a tendency towards a 
smaller mean reference vessel diameter in trials with sirolimus. Mean angiographic follow up 
and clinical follow-up ranged from six to nine months and eight to 24 months, respectively. 

 on M
ay 21, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

H
eart: first published as 10.1136/hrt.2005.070698 on 26 O

ctober 2005. D
ow

nloaded from
 

http://heart.bmj.com/


 

 7

Table 1. Characteristics of randomised trials comparing drug eluting stents with bare metal stents 
 

Study  
(year of publication) 

Patients 
with 

diabetes 
mellitus 

Patients 
without 
diabetes 
mellitus 

Mean age at 
baseline 
(years) 

Females 
(%) 

Hyper-
tension 

(%) 

Dys-
lipidemia 

(%) 

Smoking
(%) 

Mean 
angiographic 

follow-up 
(months) 

Mean 
clinical 

follow-up 
(months) 

Sirolimus eluting stents          

SIRIUS (2004)4 279 778 62.3 29.0 68.0 74.0 20.0 8 9 

E-SIRIUS (2003)1 81 271 62.3 29.3 64.0 74.0 33.0 8 9 

C-SIRIUS (2004)3 24 76 60.5 31.0 52.0 85.0 37.0 8 9 

DIABETES (2004) 30 160  66.6 37.5 66.3 61.3 47.5 9 9 

RAVEL (2004)2 44 194 60.7 24 .0 61.0 40.0 30.0 6 12 

SES-SMART (2004) 8 64 193 63.6 28.4 64.7 63.0 16.3 8 8 

Paclitaxel eluting stents          

TAXUS I (2004)5 11 49 64.9 11.4 63.9 80.3 50.8 6 12 

TAXUS II (2004)6 50 51 76 453 60.1 24.4 61.5 76.6 24.8 6 24 

TAXUS IV (2004)7 29 318 996 62.5 27.9 69.8 65.3 21.8 9 24 

TAXUS VI (2004)31 89 357 62.6 23.7 57.8 71.9 n.a. 9 12 

 
SIRIUS, Sirolimus-coated balloon-expandable stent in the treatment of patients with de novo coronary artery lesions; E-SIRIUS, European 
sirolimus-coated balloon-expandable stent in the treatment of patients with de novo coronary artery lesions; C-SIRIUS, Canadian sirolimus-
coated balloon-expandable stent in the treatment of patients with de novo coronary artery lesions; DIABETES, Diabetes and sirolimus 
eluting stent trial; RAVEL, Randomised study with the sirolimus-eluting velocity balloon-expandable stent; SES-SMART, randomised 
comparison of a sirolimus-eluting stent and a standard stent in the prevention of restenosis in small coronary arteries; n.a., not available
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Table 2. Angiographic Parameters for Studies with Sirolimus-eluting Stents 
 

Study  
(year of 

publication) 
Indications for PCI 

Mean 
reference 

vessel 
diameter 

(mm) 

Mean 
lesion 
length 
(mm) 

Target artery 
(%) 

ACC-AHA class  
(%) 

Multi-
vessel 

disease 
(%) 

Previous 
MI  
(%) 

Angina pectoris 
(%) 

Sirolimus Trials    LAD RCA LCX A B1 B2 C   Stable Unstable 

SIRIUS 
(2004)4 

Stable or unstable AP, signs of 
myocardial ischaemia 

2.80 14.40 44 31 25 8 36 33 23 42 31 58 53 

E-SIRIUS 
(2003)1 

Stable or unstable AP, silent 
ischaemia 

2.55 15.00 56 21 23 n.r. n.r. n.r. n.r. 36 42 n.r. 33 

C-SIRIUS 
(2004)3 

Stable or unstable AP, silent 
ischaemia 

2.63 13.60 36 41 23 n.r. 59 40 42 12 51 

DIABETES 
(2004) 30 

Symptoms or objective evidence 
of ischemia,  

2.34 15.00 41 37 22 n.r. 80 65 37 n.r. n.r. 

RAVEL 
(2004)2 

Stable or unstable AP, silent 
ischaemia  

2.62 9.58 50 27 23 6 37 57 0 n.r. 36 39 50 

SES-SMART 
(2004) 8 

Acute coronary syndrome, stable 
AP, silent myocardial ischemia as 
shown by exercise stress test 

2.20 11.84 28 16 30** 25 47 24 4 65 n.r. n.r. n.r. 

Paclitaxel Trials               

TAXUS I 
(2004)5 

Stable or unstable AP or silent 
ischemia 

2.97 11.30 40 30 30 23 41 36 0 n.r. 28 n.r. n.r. 

TAXUS II 
(2004)6 50 51 

Stable or unstable AP or silent 
ischemia 

2.75 10.48 45 36 19 n.r. n.r. n.r. n.r. n.r. 40 60 34 

TAXUS IV 
(2004)7 29 

Stable or unstable angina or 
provokable ischemia 

2.75 13.40 41 31 28 n.r. n.r. n.r. n.r. n.r. 30 n.r. 34 

TAXUS VI 
(2004)31 

Stable or unstable AP or silent 
ischemia 

2.78 20.62    n.r. n.r. 28 56 n.r. n.r. n.r. n.r. 

AP, Angina pectoris; RVD, Reference vessel diameter; PCI, percutaneous coronary intervention; LAD, left anterior descending coronary artery; RCA, right coronary artery; 
LCX, left circumflex coronary artery; ACC, American College of Cardiology; AHA, American Heart Association; n.r., not reported; for further abbreviations see Table 1. 
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Outcomes 

 Table 3 shows incidence rate ratios from individual trials for the four outcomes 
analysed, and combined rate ratios from meta-analyses. Tables 4 and 5 show the same data 
for patients with and patients without diabetes. Figure 2 presents combined results from 
meta-analyses for all patients, and Figure 3 shows these results separately for patients with 
and patients without diabetes. For some trials and outcomes separate data on patients with 
and without diabetes were not available, which meant that the number of trials that 
contributed to a given analysis varied. Crude and adjusted ratios of incidence rate ratios 
comparing sirolimus and paclitaxel eluting stents were closely similar, and crude results are 
therefore presented throughout.  

Restenosis  

Overall, analyses were based on 604 episodes of in-stent restenosis and 657 episodes of in-
segment restenosis. Compared to bare metal stents, drug eluting stents were associated with 
substantial reductions in the risk of restenosis in all trials reporting this outcome, but 
reductions were more pronounced with sirolimus than with paclitaxel eluting stents. The 
combined IRR for in-stent and in-segment restenosis was 0.10 (95% CI 0.07 to 0.14) and 
0.20 (0.15 to 0.26), respectively, with sirolimus eluting stents, and 0.27 (0.20 to 0.37) and 
0.29 (0.22 to 0.39) with paclitaxel eluting stents. Of note, heterogeneity between study results 
in these two meta-analyses was entirely attributable to random variation (I2=0%). These 
results translated into a ratio of IRRs of 0.35 (0.21 to 0.57) for in-stent restenosis, indicating 
that compared with paclitaxel the incidence was reduced by 65% when using a sirolimus 
eluting stent. The corresponding ratio of IRRs for in-segment restenosis was 0.68 (0.45 to 
1.01). These differences in the efficacy of preventing restenosis between the two stent 
systems were attributable to lower rates of restenosis with sirolimus compared with paclitaxel 
eluting stents in patients without diabetes, whereas results were comparable in patients with 
diabetes (Tables 4 and 5, Figure 3). Meta-regression analysis revealed a significant difference 
between patients with and without diabetes (tests for interaction for in-stent and in-segment 
restenosis: p=0.036 and p=0.016). 

Revascularisation  

Overall, analyses were based on 522 target lesion revascularisations. Compared with 
bare metal stents, drug eluting stents were associated with a substantial reduction in the risk 
of revascularisation, but reductions were more pronounced with sirolimus than with 
paclitaxel eluting stents (ratio of IRRs 0.71, 95% CI 0.46 to 1.09). Again, this difference was 
more pronounced in patients without diabetes (ratio of IRRs 0.54, 0.30 to 0.99) than in 
patients with diabetes (ratio of IRRs 0.86, 0.40 to 1.86), although the formal test for 
interaction did not reach conventional levels of significance (p=0.36). Results were closely 
similar when correcting for angiography driven revascularisations.  

Major adverse cardiac events (MACE) 

Analyses were based on 681 MACE, including 148 myocardial infarctions, and 41 
deaths. The TAXUS trialists included stent thrombosis in their definition of MACE (17 
events). Again, reductions were more pronounced with sirolimus eluting stents than with 
paclitaxel stents (ratio of IRRs 0.54, 95% CI 0.39 to 0.76), and the difference between the 
two types of drug eluting stents was more pronounced in patients without diabetes (ratio of 
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IRRs 0.46, 0.26 to 0.83) than in patients with diabetes (ratio of IRRs 0.60, 0.21 to 1.71, test 
for interaction p=0.68).
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Table 3. Incidence rate ratios from trials of sirolimus and paclitaxel eluting stents and ratio of incidence rate ratios comparing  
sirolimus and paclitaxel in all patients. 
 

Study (year of publication) Incidence Rate Ratio (95% confidence interval) 

 
In-stent restenosis In-segment restenosis 

Target lesion 
revascularisation 

Major adverse 
cardiac events 

Sirolimus Trials     

SIRIUS (2004)4 0.09 (0.05 to 0.16) 0.24 (0.16 to 0.36) 0.24 (0.15 to 0.39) 0.38 (0.26 to 0.55) 

E-SIRIUS (2003)1 0.09 (0.04 to 0.22) 0.14 (0.07 to 0.28) 0.19 (0.09 to 0.43) 0.35 (0.19 to 0.65) 

C-SIRIUS (2004)3 0.02 (0.001 to 0.40) 0.04 (0.01 to 0.32) 0.22 (0.05 to 1.03) 0.22 (0.05 to 1.03) 

DIABETES (2004) 30 0.15 (0.06 to 0.39) 0.22 (0.10 to 0.47) 0.24 (0.10 to 0.59) 0.31 (0.15 to 0.66) 

RAVEL (2004)2 0.02 (0.001 to 0.26) 0.02 (0.001 to 0.26) 0.02 (0.001 to 0.29) 0.20 (0.09 to 0.44) 

SES-SMART (2004) 8 0.10 (0.04 to 0.23) 0.18 (0.10 to 0.34) 0.33 (0.16 to 0.70) 0.30 (0.16 to 0.57) 

Combined Incidence Rate Ratio  0.10 (0.07 to 0.14) 0.20 (0.15 to 0.26) 0.24 (0.17 to 0.33) 0.33 (0.25 to 0.42) 

Heterogeneity (I-squared, test of 
heterogeneity) 

0.0%, p=0.63 33.6%, p=0.18 0.0%, p=0.51 0.0%, p=0.78 

Paclitaxel Trials     

TAXUS I (2004)5 0.14 (0.01 to 2.67) n.a. 0.14 (0.01 to 2.77) 0.25 (0.03 to 2.24) 

TAXUS II (2004)6 50 51 0.33 (0.19 to 0.55) 0.18 (0.09 to 0.36) 0.27 (0.13 to 0.53) 0.58 (0.38 to 0.86) 

TAXUS IV (2004)7 29 0.23 (0.13 to 0.39) 0.30 (0.19 to 0.47) 0.32 (0.22 to 0.46) 0.56 (0.41 to 0.78) 

TAXUS VI (2004)31 0.28 (0.17 to 0.46) 0.35 (0.22 to 0.54) 0.42 (0.25 to 0.72) 0.73 (0.48 to 1.12) 

Combined Incidence Rate Ratio  0.27 (0.20 to 0.37) 0.29 (0.22 to 0.39) 0.33 (0.25 to 0.44) 0.60 (0.48 to 0.75) 

Heterogeneity (I-squared, test of 
heterogeneity) 

0.0%, p=0.77 16.3%, p=0.30 0.0%, p=0.67 0.0%, p=0.65 

     

Ratio of incidence rate ratios comparing 
sirolimus and paclitaxel 

0.35 (0.21 to 0.57) 
p<0.001 

0.68 (0.45 to 1.01) 
p=0.057 

0.71 (0.46 to 1.09) 
p=0.120 

0.54 (0.39 to 0.76) 
p<0.001 

See Table 1 for abbreviations. 
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Table 4. Incidence rate ratios from trials of sirolimus and paclitaxel eluting stents and ratio of incidence rate ratios comparing  
sirolimus and paclitaxel in patients without diabetes. 

 

Study (year of publication) Incidence Rate Ratio (95% confidence interval) 

 
In-stent restenosis In-segment restenosis 

Target lesion 
revascularisation 

Major adverse cardiac 
events 

Sirolimus Trials     

SIRIUS (2004)4 0.05 (0.02 to 0.14) 0.20 (0.11 to 0.34) 0.21 (0.11 to 0.40) 0.39 (0.25 to 0.62) 

E-SIRIUS (2003)1 0.09 (0.03 to 0.24) 0.13 (0.05 to 0.30) 0.20 (0.08 to 0.52) 0.42 (0.20 to 0.85) 

C-SIRIUS (2004)3 0.04 (0.002 to 0.68) 0.03 (0.002 to 0.54) 0.13 (0.02 to 1.00) 0.13 (0.02 to 1.00) 

RAVEL (2004)2 0.02 (0.001 to 0.37) 0.02 (0.001 to 0.37) 0.02 (0.001 to 0.41) 0.20 (0.08 to 0.53) 

SES-SMART (2004) 8 n.a. 0.11 (0.04 to 0.28) n.a. n.a. 

Combined Incidence Rate Ratio  0.06 (0.03 to 0.12) 0.15 (0.10 to 0.22) 0.19 (0.11 to 0.31) 0.35 (0.25 to 0.50) 

Heterogeneity (I-squared, test of 
heterogeneity) 

0.0%, p=0.77 8.8%, p=0.36 0.0%, p=0.52 0.0%, p=0.44 

Paclitaxel Trials     

TAXUS I (2004)5 n.a. n.a. 0.16 (0.01 to 3.13) 0.28 (0.03 to 2.53) 

TAXUS II (2004)6 50 51 n.a. 0.08 (0.02 to 0.24) 0.29 (0.14 to 0.61) n.a. 

TAXUS IV (2004)7 29 0.25 (0.13 to 0.47) 0.35 (0.20 to 0.59) 0.30 (0.19 to 0.48) n.a. 

TAXUS VI (2004)31 0.30 (0.17 to 0.53) 0.39 (0.24 to 0.64) 0.49 (0.27 to 0.88) 0.80 (0.49 to 1.29) 

Combined Incidence Rate Ratio  0.28 (0.18 to 0.42) 0.32 (0.23 to 0.45) 0.35 (0.25 to 0.48) 0.76 (0.48 to 1.22) 

Heterogeneity (I-squared, test of 
heterogeneity) 

0.0%, p=0.67 69.2%, p=0.04 0.0%, p=0.53 0.0%, p=0.37 

     

Ratio of incidence rate ratios comparing 
sirolimus and paclitaxel 

0.21 (0.10 to 0.48) 
p<0.001 

0.47 (0.24 to 0.92) 
p=0.027 

0.54 (0.30 to 0.99) 
p=0.045 

0.46 (0.26 to 0.83) 
p=0.010 

See Table 1 for abbreviations. 
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Table 5. Incidence rate ratios from trials of sirolimus and paclitaxel eluting stents and ratio of incidence rate ratios comparing  
sirolimus and paclitaxel in patients with diabetes. 

 

Study (year of publication) Incidence Rate Ratio (95% confidence interval) 

 In-stent restenosis In-segment restenosis 
Target lesion 

revascularisation 
Major adverse 
cardiac events 

Sirolimus Trials     

SIRIUS (2004)4 0.17 (0.08 to 0.37) 0.35 (0.20 to 0.62) 0.31 (0.15 to 0.64) 0.37 (0.19 to 0.70) 

E-SIRIUS (2003)1 0.13 (0.03 to 0.57) 0.19 (0.06 to 0.64) 0.21 (0.05 to 0.91) 0.27 (0.08 to 0.94) 

C-SIRIUS (2004)3 0.06 (0.003 to 1.02) 0.13 (0.02 to 1.00) 1.00 (0.06 to 15.99) 1.00 (0.06 to 15.99) 

DIABETES (2004) 30 0.15 (0.06 to 0.39) 0.22 (0.10 to 0.47) 0.24 (0.10 to 0.59) 0.31 (0.15 to 0.66) 

RAVEL (2004)2 0.06 (0.003 to 0.97) 0.06 (0.003 to 0.97) 0.07 (0.004 to 1.19) 0.22 (0.05 to 0.98) 

SES-SMART (2004) 8 n.a. 0.39 (0.17 to 0.91) n.a. n.a. 

Combined Incidence Rate Ratio  0.15 (0.09 to 0.25) 0.28 (0.20 to 0.41) 0.27 (0.16 to 0.45) 0.33 (0.21 to 0.51) 

Heterogeneity (I-squared, test of 
heterogeneity) 

(0.0%, p=0.92) (0.0%, p=0.59) (0.0%, p=0.73) (0.0%, p=0.89) 

Paclitaxel Trials     

TAXUS I (2004)5 n.a. n.a. 0 events 0 events 

TAXUS II (2004)6 50 51 n.a. 0.07 (0.004 to 1.17) 0.16 (0.02 to 1.25) n.a. 

TAXUS IV (2004)7 29 0.16 (0.05 to 0.48) 0.18 (0.07 to 0.49) 0.36 (0.19 to 0.70) n.a. 

TAXUS VI (2004)31 0.20 (0.05 to 0.68) 0.23 (0.08 to 0.66) 0.20 (0.04 to 0.90) 0.55 (0.21 to 1.43) 

Combined Incidence Rate Ratio  0.18 (0.08 to 0.40) 0.19 (0.09 to 0.38) 0.31 (0.18 to 0.56) 0.55 (0.21 to 1.43) 

Heterogeneity (I-squared, test of 
heterogeneity) 

0.0%, p=0.80 0.0%, p=0.73 0.0%, p=0.62 - 

     

Ratio of incidence rate ratios comparing 
Sirolimus and paclitaxel 
 

0.82 (0.31 to 2.18) 
p=0.694 

1.51 (0.68 to 3.33) 
p=0.312 

0.86 (0.40 to 1.86) 
p=0.703 

0.60 (0.21 to 1.71) 
p=0.336 

See Table 1 for abbreviations. 
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Numbers needed to treat to prevent one event 

Table 6 shows the estimated numbers of patients needed to treat with drug eluting 
rather than bare metal stents to prevent one outcome event. Numbers needed to treat were 
lowest for sirolimus eluting stents in patients with diabetes, followed by paclitaxel eluting 
stents in patients with diabetes, sirolimus eluting stents in patients without diabetes, and 
paclitaxel eluting stents in patients without diabetes. For one endpoint (MACE) the 
confidence interval for the IRR of paclitaxel eluting stents was compatible with benefit and 
harm. We accounted for this by calculating numbers needed to benefit (NNTB, 
corresponding to the lower limit of the confidence interval) and numbers needed to harm 
(NNTH, corresponding to the upper limit of the confidence interval).32
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Table 6. Number of patients needed to treat during one year to prevent one adverse event 
 

 Number needed to treat (95% confidence interval) 

 In-stent restenosis In-segment restenosis 
Target lesion 

revascularisation 
Major adverse cardiac events (MACE) 

Sirolimus eluting stent     

Patients without diabetes 2.4 (2.3 to 2.6) 2.6 (2.5 to 2.9) 6.5 (5.9 to 7.6) 6.2 (5.3 – 8.0) 

Patients with diabetes 1.6 (1.5 to 1.9) 1.9 (1.7 to 2.3) 5.5 (4.8 to 7.3) 4.0 (3.4 – 5.5) 

Paclitaxel eluting stent     

Patients without diabetes 3.2 (2.8 to 3.9) 3.3 (2.9 to 4.0) 8.1 (7.0 to 10.1) 16.7 (NNTB 7.7 to NNTH 18.2)* 

Patients with diabetes 1.7 (1.5 to 2.3) 1.7 (1.5 to 2.2) 5.8 (4.9 to 9.1) 6.0 (NNTB 3.4 to NNTH 6.3)* 

* 95% confidence interval includes benefit and harm (NNTB: number of patients needed to treat to prevent one event; NNTH: number of patients needed 
to treat to harm one patient)32 
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Discussion 

The indirect comparisons presented here indicate that sirolimus eluting stents are 
superior to paclitaxel eluting stents, and that the difference in the effectiveness between the 
two drug eluting stent systems is clearly evident in patients without diabetes but less certain 
in patients with diabetes. Calculations of numbers needed to treat demonstrate that compared 
with sirolimus eluting stents about ten additional patients without diabetes have to be treated 
with paclitaxel eluting stents to prevent one major adverse cardiac event.  

Strengths and limitations 

Our review was based on a comprehensive literature search and included assessments 
of trial quality and a substantial amount of additional information supplied by the original 
investigators. Although most trials included in this analysis were not designed to examine the 
effectiveness of drug eluting stents in patients with and without diabetes, randomisation was 
stratified according to the presence or absence of diabetes in some studies,4 31 and all studies 
prospectively recorded outcomes using standardised definitions. Indirect comparisons 
between sirolimus and paclitaxel eluting stents were appropriate because trials were of high 
methodological quality and had enrolled similar patient populations. Indeed, results were 
robust when adjusted for study characteristics and patient characteristics at baseline. We 
acknowledge that such comparisons are observational in nature and therefore have to be 
interpreted with caution. Only ten trials were identified and average follow up was relatively 
short, which means that there was limited power to detect or exclude differences in 
effectiveness for rarer but clinically relevant endpoints, including myocardial infarction, stent 
thrombosis and death.  

The effect of drug eluting stents on major adverse cardiac events (MACE) was mainly 
due to a reduction of revascularisation procedures. As Babapulle and colleagues pointed out,9 
the clinical significance of these additional revascularisation procedures is unclear because 
angiography was done routinely in these trials at least in a proportion of the study population. 
Angiographic follow-up may influence the rate of revascularisation, especially in patients 
with diabetes and autonomic neuropathy.33 The impact of angiography on revascularisation 
rates has recently been quantified.28 When we used these estimates to correct incidences for 
angiography driven revascularisation, results were not materially altered. We could not 
examine the influence of glycaemic control on the rate of restenosis and revascularisation: 
although a protective effect of optimised glycaemic control in patients with diabetes has been 
shown,34 no detailed information on glycaemic control was available for the trials included in 
our analysis. 

Results in context with other studies 

Two meta-analyses have demonstrated that the presence of diabetes is a risk factor for 
restenosis, both with bare metal35 and drug eluting stents.21 Our findings confirm these 
results: diabetes clearly remains a risk factor for restenosis in the drug eluting stent era. 
Methodological research has shown that indirect comparisons adjusted at the aggregate level 
usually agree with the results of head to head randomised trials.36 In this study overall results 
were indeed closely similar to those reported in a recent meta-analysis of six head to head 
trials.14 Data from head to head comparisons in patients with diabetes are, however, more 
limited, and results are more heterogeneous. The large REALITY trial showed no overall 
difference in restenosis rates between the two stent systems, although sirolimus eluting stents 
appeared to be superior in patients without diabetes.37 The SIRTAX trial, in contrast, found 
the sirolimus eluting stent to be superior overall, with a more pronounced reduction of the 
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rate of restenosis and revascularisation in patients with diabetes compared to patients without 
diabetes.12 In both trials the number of patients with diabetes was relatively small, and formal 
tests of interaction were non-significant. Finally, the ISAR-DIABETES trial13 in 250 patients 
with diabetes showed larger reductions in angiographic restenosis (p=0.03) and target lesion 
revascularisation (p=0.13) with sirolimus than with paclitaxel.  

Possible mechanisms  

In-stent restenosis results from neointimal hyperplasia, and the pharmacological 
inhibition of vascular smooth muscle proliferation by local drug delivery has proved effective 
in reducing restenosis and thus repeat revascularisation procedures.38 39 The biological 
mechanisms of action differ between paclitaxel and sirolimus: paclitaxel-treated cells form 
abnormally stable and non-functional microtubules, which inhibit cellular replication and 
proliferation.40 In contrast, sirolimus is a macrocyclic lactone that inhibits cytokine-mediated 
and growth-factor-induced proliferation of smooth muscle cells and also has 
immunoregulatory and anti-inflammatory properties.41-43 One would expect these properties 
to be particularly beneficial in diabetic atherosclerosis, which is characterised by increased 
inflammatory markers44. On the other hand, treatment of human platelets with sirolimus has 
been shown to result in enhanced agonist-induced platelet aggregation and secretion.45 The 
more complex and advanced nature of lesions in patients with diabetes may interact with the 
biological mechanisms of action of both drugs but hamper effects of sirolimus more than 
effects of paclitaxel. Differences in local drug concentrations could also play a role: both 
drugs are highly lipophilic but different protein binding characteristics mean that sirolimus 
distributes evenly through the vessel wall whereas paclitaxel remains primarily subintimal.46 
These distribution patterns and tissue residence time may be modified in atherosclerotic 
lesions of patients with diabetes. It is also possible that differences in the doses of the two 
drugs or differences in concomitant medications play a role.  

Stents with thinner struts elicit less angiographic and clinical restenosis than thicker-
strut stents.47 48 Differences in strut thickness could therefore have affected indirect 
comparisons. This is, however, unlikely because differences were small (140 and 130 µm for 
the sirolimus and the paclitaxel eluting stent, respectively). Event rates tended to be 
somewhat higher in the bare metal stent groups of the sirolimus trials than in the 
corresponding groups of the paclitaxel trials. If the relative reduction in restenosis risk 
strongly depended on the control group risk, this could partly explain the superior efficacy 
observed for sirolimus eluting stents. This is unlikely for several reasons. Recent head to head 
trials in patient populations that differed in terms of underlying risk consistently showed that 
sirolimus is superior to paclitaxel.14 Moreover, methodological research has shown that the 
relative reductions in risk associated with medical interventions tend be constant across 
patient populations with different underlying risks.49 

Conclusions 

This systematic review and meta-analysis shows substantial reductions in restenosis 
and revascularisation rates with the two widely used, polymer-based drug eluting stents, both 
in patients with and without diabetes. Sirolimus eluting stents appear more effective than 
paclitaxel eluting stents in patients without diabetes, whereas efficacy appears to be 
comparable in patients with diabetes. We submit that a collaborative meta-analysis based on 
individual patient data should be performed, which addresses the question whether the 
effectiveness of the two stents differs across patient groups with and without diabetes, and, 
more in general, between patients at higher or lower risk of complications.  
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Figure Legend 
 
Figure 1: Identification of eligible randomised controlled trials. 
 
Figure 2: Effect of drug eluting stents with sirolimus and paclitaxel compared with bare 
metal stents on the risks of restenosis, revascularisation, or adverse events. Combined 
estimates from meta-analyses of randomised controlled trials. 
 
Figure 3: Effect of drug eluting stents with sirolimus and paclitaxel in patients with and in 
patients without diabetes. 
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233 potentially eligible 
reports identified and 
screened for retrieval

176 reports excluded:

- other subject (92)
- review (71)
- observational study (2)
- case-report (4)
- other design (7)

57 reports (29 studies) 
retrieved for more detailed 

evaluation

19 reports (19 studies) excluded:

- single-arm study (1)
- use of different DES (12)
- study still ongoing (6)

38 reports (10 studies) 
included in meta-analysis 

Figure 1. 
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Figure 2. 

All patients
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In stent restenosis
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