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The BASKET study program: continued 
evaluation of the efficacy and safety of 
drug-eluting stents

 CliniCal trial Commentary

Since the introduction of drug-eluting stents (DES) in 2000, there has been much debate whether these 
more expensive devices are cost effective when compared with bare-metal stents (BMS). The initial 
enthusiasm in the use of DES due to a markedly reduced rate of restenosis compared with BMS was 
hampered in the following years by reports of increased rates of late-stent thromboses, which raised the 
concern about a possible late harm after implantation of a DES. The Basel Stent Kosten-Effektivitäts Trial 
(BASKET) study program was initiated to answer some of these questions in a real-world setting. The 
original BASKET study tested the cost–effectiveness of DES compared with BMS and found cost–
effectiveness of DES in high-risk subgroups only. BASKET Late Thrombotic Events (BASKET-LATE), the 
observational follow-up study of the randomized controlled BASKET trial, found an increased late harm 
in large native vessels treated with DES, which was attributed to an increased rate of late-stent thromboses.  
BASKET-Prospective Validation Examination (BASKET-PROVE) was designed as a prospective randomized 
trial based on the hypothesis-generating results of BASKET-LATE and did refute this hypothesis, hereby 
corroborating the safety and efficacy of second-generation DES.

KEYWORDS: bare-metal stents n coronary artery disease n drug-eluting stents  
n interventional cardiology

Christine K Kissel1 & 
Christoph Kaiser†1

1Department of Cardiology, University 
Hospital Basel, Petersgraben 4, 4031 
Basel, Switzerland 
†Author for correspondence: 
Tel.: +41 61 265 52 25 
Fax: +41 61 265 45 98 
ckaiser@uhbs.ch

The introduction of drug-eluting stents (DES) in 
the year 2000 has revolutionized the treatment 
of coronary artery disease. The first-generation 
DES significantly reduced the rate of restenosis 
and thereby the rates of target vessel revascular-
ization (TVR) [1,2]. From an economic stand-
point, the use of the far more expensive DES in 
most patients instead of bare-metal stents (BMS) 
would pose an enormous strain on hospital bud-
gets. In addition, the pivotal trials showing a 
benefit of DES have been conducted in highly 
selected patient cohorts (e.g., in stable low-risk 
patients, simple lesions and native vessels only) 
and therefore did not reflect the ‘real world’. 
Therefore, the question arose whether DES are 
cost effective in an unselected patient cohort. The 
Basel Stent Kosten-Effektivitäts Trial (BASKET) 
was initiated in 2003 to address the question of 
whether unlimited use of DES is cost effective in 
 preventing major adverse cardiac events (MACE).

BASKET was a single center, prospective, 
randomized controlled study that included 826 
out of 988 (84%) consecutive patients, irrespec-
tive of the indication for percutaneous coronary 
intervention (PCI), from May 2003 until May 
2004 [3]. Patients were randomized to receive 
either a third-generation BMS (cobalt–chro-
mium-based Vision® stent, Abbott Vascular) or 
one of the two first-generation DES available: 
the sirolimus-coated Cypher® stent (Cordis) 

or the paclitaxel-coated Taxus® stent (Boston 
Scientific). The DES were compared with each 
other and with the BMS. Exclusion criteria were 
a target vessel diameter above 4 mm (n = 23), a 
restenotic lesion (n = 49) or missing informed 
consent (n = 90). The primary end point was 
cost–effectiveness after 6 months with effective-
ness defined as reduction of MACE including 
cardiac death, nonfatal myocardial infarction 
(MI) and TVR. Costs were ascertained on the 
basis of procedures, stents used and days spent 
in the hospital at baseline and during follow-
up. Statistical ana lysis was performed accord-
ing to the intention-to-treat principle. BASKET 
confirmed that the use of DES reduces the rate 
of MACE by 44%, mostly due to a lower rate 
of TVR. However, the higher initial stent costs 
were not compensated for by reductions in event-
related follow-up costs. Nevertheless, subgroup 
analyses suggested that DES might be more 
cost effective in certain high-risk patients such 
as those with three-vessel disease, age above 
65 years, more than one segment treated, small 
stent size or stent length greater than 20 mm 
[3]. The 18-month ana lysis of cost–effectiveness 
confirmed the findings of the 6-month ana-
lysis, showing that an approximation to cost– 
effectiveness for DES is only given in a high-risk 
subset of patients, especially those with PCI of 
small vessels and bypass grafts [4,5]. 
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The initial enthusiasm about DES was further 
dampened by reports of increased rates of late-
stent thrombosis [2]. To investigate these phe-
nomenon, patients from the BASKET trial were 
further followed for another 12 months after 
discontinuation of clopidogrel in the BASKET 
Late Thrombotic Events (BASKET-LATE) 
study – a prospective randomized observational 
study [6]. The goal was to define the incidence 
of late (>6 months) clinical events related to 
stent thrombosis in patients treated with DES 
compared with BMS-treated patients after dis-
continuation of clopidogrel. Between 6 and 
18 months there was a significantly higher rate 
of the combination of nonfatal MI and cardiac 
death in patients after DES compared with BMS 
implantation. In contrast to the first 6 months, 
however, the rate of restenosis-related TVR and 
MACE was not significantly different between 
DES- and BMS-treated patients. During the 
entire 18-month follow-up, there was a main-
tained benefit regarding the reduction of TVR of 
DES compared with BMS, whereas owing to the 
increased rates of late events, the rate of MACE 
was not different between DES and BMS use. 
The BASKET-LATE data suggested that late 
clinical events associated with stent thrombosis 
limit the early clinical benefit of DES [6]. 

In a further ana lysis of the BASKET 18-month 
data, which sought to delineate predictors of 
outcome and their association with the type of 
stent used, large vessel diameter (≥3 mm) was 
identified as the single independent predictor of 
late nonfatal MI and cardiac death after DES 
implantation [5]. These results further suggested 
that in large vessels, the late clinical benefit of 
DES is possibly diminished by stent thrombosis 
whereas the initial angiographic success was not 
an independent predictor. Clearly, the ana lysis 
was not designed to provide angiographic proof 
of stent thrombosis. However, various studies 
showed that late cardiac death and nonfatal 
MI may be attributed to stent thrombosis [7–9]. 
The clinical 3-year follow-up investigation of 
BASKET took the 18-month data into consid-
eration by adding (among others) a subgroup 
comparison of the ‘small-stent’ (<3.0 mm) and 
‘large-stent’ (≥3 mm) population [10]. In patients 
after stenting of large native vessels, the cardiac 
death/MI rate was significantly higher beyond 
6 months in patients with DES compared with 
those with BMS, with no significant differ-
ence in the rate of restenosis-related TVR. In 
contrast, there was a significantly reduced rate 
of restenosis, nonfatal MI and cardiac death 
in patients with small native vessel stenting or 

stenting of saphenous vein grafts with a DES 
when compared with BMS. In the overall popu-
lation, owing to the opposing results in the two 
subgroups, the rate of MACE (cardiac death, 
nonfatal MI and non-MI-related TVR) was not 
significantly different. However, the reduced 
need for revascularization due to restenotic 
events was maintained long-term for DES in 
the overall population. 

However, these were the results of a retro-
spective ana lysis of an underpowered mono center 
trial. In addition, there have only been a few other 
retrospective subgroup analyses or registries that 
have compared BMS and DES in large vessels 
[7,11,12]. To further examine this hypothesis in an 
adequately powered, prospective, international 
multicenter trial, the BASKET-Prospective 
Validation Examination (BASKET-PROVE) 
trial was initiated in 2007. The aim of this study 
was to test the hypothesis that in large native 
vessel stenting, first-generation DES provide only 
a small reduction in TVR and may increase late 
cardiac death/MI rate when compared with 
BMS. Furthermore, the goal was to evaluate the 
benefit–risk ratio for second-generation DES [13]. 

BASKET-PROVE
 n Design

Between March 2007 and May 2008, patients 
were screened for enrollment in 11 centers in 
four different European countries. Patients were 
eligible for the BASKET-PROVE study if they 
required a stent larger than 3 mm in diameter, 
irrespective of the indication for PCI. Patients 
were randomly assigned in a 1:1:1 fashion to 
receive a first-generation sirolimus-eluting stent 
(SES; Cypher Select), a BMS (Vision) or a second-
generation everolimus-eluting stent (EES; Xience 
V®, Abbott Vascular). Exclusion criteria were car-
diogenic shock, in-stent restenosis, stent throm-
bosis, unprotected left main coronary artery or a 
bypass graft to be stented, planned surgery within 
the next 12 months, increased risk of bleeding or 
oral anticoagulation, vessel diameter above 4 mm 
or suspected noncompliance with long-term dual 
antiplatelet therapy. Clinical follow-up was per-
formed after 12 and 24 months with specifically 
designed questionnaires. Repeat angiography was 
only performed if clinically indicated. All patients 
received a dual antiplatelet therapy with aspirin 
and clopidogrel for 12 months.

The primary end point was cardiac death or 
nonfatal MI at 24 months. Comparisons were 
performed between the BMS group and the two 
DES groups, as well as between the two DES 
groups. The main secondary end points were 
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non-MI-related TVR as an efficacy measure, and 
late cardiac death and nonfatal MI as a safety end 
point. Late events were defined as those occurring 
between 7–24 months. Further secondary end 
points were death from any cause, cardiac death, 
nonfatal MI, stent thrombosis and the composite 
end point of nonfatal MI, cardiac death and TVR. 
Statistical ana lysis was performed according to the 
intention-to-treat principle. 

 n Results
A total of 2314 patient were randomly assigned to 
receive a SES (n = 775), BMS (n = 765) or an EES 
(n = 774). The 2-year follow-up was completed 
for 97% of patients. There were no significant 
differences between the three stent groups with 
regard to clinical, target vessel and procedural 
baseline characteristics. Two-thirds of all patients 
had an acute coronary syndrome and one-half 
had an ST-elevation infarction. The majority of 
patients (76%) were treated for off-label indica-
tions regarding DES use. The average total stent 
length per patient was approximately 30 mm. 

Regarding the primary composite end point 
of cardiac death or nonfatal MI, there were no 
significant differences between either of the DES 
groups and the BMS group or between the two 
DES groups. There were also no significant dif-
ferences when cardiac death and nonfatal MI 
were analyzed separately. Strikingly, there were 
no significant differences between the groups 
in either early or late rates of stent thrombosis. 
However, there was a significant reduction of 
TVR in the DES groups when compared with 
the BMS group (SES 4.3% vs EES 3.7% vs BMS 
10.3%; Figure 1). Consecutively, the composite 
end point of MACE was equally reduced in the 
DES groups as compared with BMS (Figure 1) [13].

Conclusion 
In the BASKET-PROVE trial, concerns about 
late safety problems with DES in large coronary 
arteries could not be confirmed. On the con-
trary, there was a trend towards a reduction of 
late cardiac death or nonfatal MI in DES-treated 
patients. Both DES showed superior efficacy in 
large vessels when compared with the BMS since 
TVR was reduced by over 50%. There was no 
significant difference in either safety or efficacy 
between the second-generation EES and the first 
generation SES at 2 years of follow-up [13]. 

These findings of the BASKET-PROVE study 
implicate that in patients in need of large native 
coronary artery stenting, DES may be used with-
out evidence of increased late cardiac events or 
late-stent thrombosis. BMS may still be used 

since they showed similar rates of cardiac death 
and nonfatal MI as DES. However, one has to 
take into consideration a higher rate of TVR for 
BMS. The performance of both DES (first and 
second generation) appears to be similar.

In concordance, other studies have also dem-
onstrated a superior performance of DES with 
respect to BMS, even in high-risk populations 
such as diabetic patients. Several randomized 
trials comparing SES to BMS in patients with 
diabetes have all shown significant reductions 
in in-segment late loss and target lesion revas-
cularization [14–17]. Furthermore, a collaborative 
network ana lysis that included 3850 patients 
demonstrated no significant difference in mor-
tality between SES, BMS and paclitaxel-elut-
ing stents in the treatment of diabetic patients 
who received dual antiplatelet therapy for over 
6 months [18]. Likewise, in patients with chronic 
renal failure, another population with increased 
risk for restenosis, it could be shown that the 
effectiveness of SES in decreasing restenosis 
compared with BMS was preserved and rates 
of death and MI were not adversely affected 
[19]. Similarly, in patients with two- or three-
vessel disease, the Arterial Revascularization 
Therapies Study II demonstrated a signifi-
cant reduction in repeat revascularizations 
[20]. However, randomized data are scarce in 
this population and data on the use of DES 
in patients with multivessel disease are mainly 
derived from subgroup analyses, registries and 
nondedicated trials. 

Another concern regarding DES is that 
although most studies point to a favorable 
result regarding TVR, there have been some 
reports that describe a delayed intimal hyper-
plasia (referred to as late catch-up phenomenon) 
beyond 6 months for DES [21–25]. This phenom-
enon could diminish the early benefit and needs 
further investigation. 

Future perspective
The field of DES technology is constantly evolv-
ing. New stent designs have been developed with 
different metal alloys replacing stainless steel, 
thinner stent struts, more flexible designs and 
biocompatible coatings for BMS, newer and bio-
degradable polymers, newer drugs with lower 
drug doses or drug kinetics for DES and, most 
recently, totally absorbable stents and antibody-
coated stents [26,27]. Although some of the newest 
generation stents have received market approval, 
data on the efficacy and safety of these next-
generation stents with the potential advantage of 
lower ischemic event rates are still scarce. 
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The BASKET-PROVE platform provides 
an excellent opportunity to test and com-
pare such new stents in unselected patients in 
large long-term clinical outcome settings. The 
recently started BASKET-PROVE II trial will 
compare a new biolimus-eluting DES with a 
bioabsorbable polyactic acid coating (Nobori®) 
with the currently most widely used everoli-
mus-eluting DES (Xience V®) and the newest 
generation BMS with thin cobalt–chromium 
struts and a biocompatible silicone carbide layer 
(ProKinetic®). Inclusion and exclusion criteria 
will be the same as in the BASKET-PROVE 
trial. However, owing to the dual antiplate-
let regime with aspirin and prasugrel in all 
patients, those with a history of stroke must be 
excluded as well. 

This study will test the superiority of DES 
over a newest-generation BMS with biocompat-
ible coating and the noninferiority of a DES 
with a biodegradable polymer to a DES with 
a durable polymer. In addition, the results will 
allow a comparison of a dual antiplatelet therapy 
with aspirin and prasugrel against aspirin and 
clopidogrel as assessed by a historical comparator 

cohort in an all-comer population. In conclu-
sion, BASKET-PROVE II will test the newest-
generation stents on the market in daily practice 
and will therefore provide insights into the effi-
cacy and safety of current stent designs in an 
all-comer population. 

With further improvements expected in 
implantation techniques, stent designs, drug-
coatings and platelet-inhibition regimes, coro-
nary artery stenting will become increasingly 
safe and effective during the coming years. The 
final goal of an individual targeted use of spe-
cific devices for each patient becomes more and 
more realistic.
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Figure 1. BASKET-PROVE study: cumulative clinical events after 2 years. p-values adjusted for multiple testing. 
BMS: Bare-metal stent; EES: Everolimus-eluting stent; MACE: Major adverse cardiac event; MI: Myocardial infarction; ns: Not significant; 
SES: Sirolimus-eluting stent; TVR: Target vessel revascularization.
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Executive summary

BASKET (2005)
 � Drug-eluting stents (DES) are effective in reducing major adverse cardiac events by 44% when compared with bare-metal stents (BMS).
 � Higher initial stent costs for DES are not compensated for by reduction in event-related follow-up costs.
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vessels, the use of DES was more cost effective.

BASKET-LATE (2007)
 � After discontinuation of clopidogrel, the rate of cardiac death/myocardial infarction (MI) was significantly higher in patients treated with 

a DES when compared with a BMS (4.9 vs 1.3%).
 � The net clinical benefit of DES after discontinuation of clopidogrel appeared to be reduced by increased rates of cardiac death and 

nonfatal MI, possibly owing to late stent thrombosis, whereas the positive effect on target vessel revascularization was maintained 
beyond 6 months.

BASKET 18 months & 36 months data ana lysis (2007, 2009)
 � Large vessel diameter (≥3 mm) single most independent predictor of late clinical events, most likely due to late-stent thrombosis.
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 � Late safety problems of DES could no longer be confirmed. 
 � Both DES showed superior efficacy compared with BMS (TVR reduction >50%).
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