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Abstract
Background  Patients with atherothrombotic risk are at high hazard of ischemic events. Preventive medicine plays a major 
role in modifying their outcomes. Whether the choice of a BP-SES or DP-EES can contribute to the occurrence of events 
remains unclear. We sought to investigate the outcomes of patients with higher atherothrombotic risk (H-ATR) versus lower 
atherothrombotic risk (L-ATR) undergoing percutaneous coronary intervention (PCI) with either bioresorbable-polymer 
sirolimus-eluting stent (BP-SES) or durable-polymer everolimus-eluting stent (DP-EES).
Methods  Patients (n = 2361) from BIOFLOW-II, -IV, and -V randomized trials were categorized into H-ATR vs. L-ATR. 
L-ATR patients had ≤ 1 and H-ATR ≥ 2 of the following criteria: presentation in ACS, diabetes mellitus, previous myocardial 
infarction, previous PCI/CABG, or previous stroke. Endpoints were target lesion failure (TLF: cardiac death, target-vessel 
myocardial infarction [TV-MI], target lesion revascularization [TLR]) and stent thrombosis (ST) at three years.
Results  H-ATR patients (n = 1023) were more morbid than L-ATR patients (n = 1338). TLF rate was significantly higher 
in H-ATR patients as compared with L-ATR (11.6% vs. 7.0%; HR 1.67, 95% CI 1.27–2.20, p < 0.0001). With BP-SES TLF 
rates were numerically lower as compared with DP-EES in H-ATR (10.5% vs. 13.5%; HR 0.78, 95% CI 0.54–1.14, p = 0.20) 
and significantly lower in L-ATR (5.6% vs. 9.8%; HR 0.57, 95% CI 0.38–0.85, p = 0.006).
Conclusion  In the era of newer-generation DES, patients with H-ATR still are at hazard for ischemic events. Patients with 
BP-SES had lower TLF rates as compared with DP-EES, most consistent in L-ATR whereas in H-ATR patients most prob-
ably secondary preventive strategies are of higher value.
Clinical trial registration  Clinicaltrial.gov. NCT01356888, NCT01939249, NCT02389946. https://​clini​caltr​ials.​gov/​show/​
NCT01​356888, https://​clini​caltr​ials.​gov/​show/​NCT01​939249, https://​clini​caltr​ials.​gov/​show/​NCT02​389946.
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Abbreviations
BP-SES	� Bioresorbable-polymer sirolimus-eluting stent
DES	� Drug-eluting stent
DP-EES	� Durable-polymer everolimus-eluting stent
PCI	� Percutaneous coronary intervention
ST	� Stent thrombosis
TLF	� Target lesion failure
TLR	� Target lesion revascularization
TV-MI	� Target-vessel myocardial infarction

Introduction

Cardiovascular disease is the leading cause of mortality 
worldwide [1]. Primary and secondary prevention is the 
major strategy in these patients with atherothrombotic risk 
(ATR) to reduce the hazard of clinical events. A change in 
dietary behavior in patients with metabolic disorders along 
with physical exercise is a cornerstone in preventive medi-
cine [2]. Modern antidiabetic [3] and cholesterol lowering 
agents [4, 5] have significantly reduced mortality and a 

therapy with potent antiplatelet inhibitors demonstrated 
to reduce mortality after an acute coronary syndrome as 
well [6, 7]. However, whether the choice of a specific stent 
platform during percutaneous coronary intervention (PCI) 
in patients with ATR can modify the clinical outcome is 
not well studied.

Recently, the BIOFLOW-V trial [8] demonstrated a 
lower rate of target lesion failure (TLF) and stent throm-
bosis (ST) with an ultra-thin strut bioresorbable-polymer 
sirolimus-eluting stent (BP-SES) as compared with a thin-
strut durable-polymer everolimus-eluting stent (DP-EES).

In the present study from a pooled dataset of the rand-
omized BIOFLOW-II [9], BIOLFOW-IV [10], and BIO-
FLOW-V [8] trials we sought to investigate the long-term 
clinical outcomes of patients with higher atherothrom-
botic risk (H-ATR) and with lower atherothrombotic risk 
(L-ATR) undergoing PCI with newer generation drug elut-
ing stents (DES) and whether the outcomes can be modi-
fied by the choice of a BP-SES or DP-EES.



1280	 Clinical Research in Cardiology (2023) 112:1278–1287

1 3

Methods

Study population and design

In this post-hoc analysis from the multicenter, randomized 
BIOFLOW-II, BIOFLOW-IV, and BIOFLOW-V trials data 
were pooled at the patient-level. The trials compared PCI 
with DP-EES (Xience, Abbott, Santa Clara, CA) versus 
BP-SES (Orsiro, Biotronik AG, Bülach, Switzerland) in 
de novo native coronary artery lesions. The study designs 
were previously described and are available on ClinicalTri-
als.gov (NCT01356888, NCT01939249, NCT02389946). 
The inclusion and exclusion criteria were previously 
reported [8–12].

The trials complied with the provisions of the Declara-
tion of Helsinki and were approved by the institutional 
review board or ethics committee at each enrolling site. 
Eligible patients signed written informed consent. An 
independent clinical events committee adjudicated all 
clinical endpoints. All angiographic data were analyzed 
by an independent core laboratory (MedStar Cardiovas-
cular Research Network, Angiographic Core Laboratory, 
Washington DC, USA). The trials were funded by Bio-
tronik. The authors (R.H., R.T., G.R.) had access to the 
data and are responsible for the analyses and drafting of 
the manuscript.

For this study, we divided the population into patients 
with lower atherothrombotic risk (L-ATR) versus high 
atherothrombotic risk (H-ATR). L-ATR was defined as the 
presence of ≤ 1 and H-ATR as the presence of ≥ 2 of the 
following five characteristics: presentation in ACS, dia-
betes mellitus, previous myocardial infarction, previous 
PCI or CABG, or previous stroke. This definition [13, 14] 
is based on the criteria used in the CHARISMA trial [15] 
and the clinical variables available in the pooled data set.

Study endpoints

The main clinical endpoints were target lesion failure 
(TLF) at three years (a composite of cardiac death, target-
vessel myocardial infarction [TV-MI], or ischemia-driven 
target lesion revascularization [TLR]) and definite or prob-
able stent thrombosis (ST; according to the Academic 
Research Consortium criteria [ARC]) [16].

Periprocedural MI was defined according to the modi-
fied ARC criteria as a troponin, or creatine kinase myo-
cardial band (CK-MB) measured within 48 h of the inter-
ventional procedure elevated > 3 times above the upper 
normal limit of normal. Spontaneous MI was defined as 
any troponin or CK-MB elevation above the upper limit 
of normal with associated ischemic symptoms, new 

electrocardiographic abnormalities suggestive of ischemia, 
or new development of imaging evidence of infarction. 
Ischemia-driven revascularization was defined as any 
repeat revascularization of the target lesion or vessel 
due to either ischemic symptoms or abnormal coronary 
physiologic study and ≥ 50% coronary stenosis by quan-
titative angiography; or any revascularization of a ≥ 70% 
diameter stenosis. Cardiac death was any death due to any 
proximate cardiac cause, unwitnessed death, or death of 
unknown cause.

Statistical methods

Patient-level data were pooled in one dataset. Continuous 
variables were summarized as mean ± SD or as medians 
with lower and upper quartile and compared using two-sided 
t-test or the nonparametric Wilcoxon rank-sum test. Categor-
ical variables were summarized as frequencies and percent-
ages and were compared using the chi-square or Fischer’s 
exact test. The clinical endpoints were compared using the 
time-to-event Kaplan–Meier estimates and Cox regression. 
For calculation of predictors of TLF and TV-MI a Cox 
regression analysis was performed using the following co-
variables: age, BMI, gender, hypertension, hyperlipidemia, 
smoker, renal disease, reference vessel diameter ≤ 2.75 mm. 
Additionally the stent (DP-ESS vs BP-SES) and athero-
thrombotic risk were forced into the analysis. The treatment 
effect associated with BP-SES or DP-EES with H-ATR or 
L-ATR was calculated from the Cox regression analysis with 
a p value for interaction. All analyses were performed using 
SAS, version 9.4 (SAS Institute, Cary, NC, USA). A p value 
of less than 0.05 was established as the level of statistical 
significance.

Results

Out of 2361 patients, 1023 patients were categorized as 
H-ATR (43%) and 1338 patients as L-ATR (57%). Follow-
up at three years was complete in 92.5% of H-ATR patients 
and 94.4% of L-ATR patients (p = 0.063). Both cohorts were 
similar in age and gender but H-ATR patients were more 
morbid. H-ATR patients particularly had more prior myocar-
dial infarctions (Table 1). Lesion and procedural character-
istics are listed in Table 2. Remarkably, the rate of complex 
lesions was not different between the H-ATR and L-ATR 
patients. L-ATR patients had larger reference diameters in 
their treated lesions.

Figure 1 and Table 3 present the clinical outcomes at 
three years. The TLF rate was significantly higher in H-ATR 
patients as compared with L-ATR (11.6% vs. 7.0%, p Log 
Rank < 0.0002; HR 1.67, 95% CI 1.27–2.20, p < 0.0001). 
Moreover, all components of the endpoint i.e. the rates of 
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TV-MI, clinically driven TLR, and cardiac death were sig-
nificantly higher among H-ATR as compared with L-ATR 
patients. Definite or probable ST occurred in ten patients 
(1.0%) with H-ATR and in three patients (0.2%) with L-ATR 
(p Log Rank = 0.014) (suppl. Figure 1).

Patients with ≥ 2 risk factors were at significantly higher 
risk for ischemic events as compared with patients with 1 
risk factor or with no risk factor (Fig. 2, suppl. Table 1). Def-
inite or probable ST occurred in ten patients (1.0%) with ≥ 2 
risk factors, in one patient (0.1%) with one risk factor, and in 
one patient (0.2%) with no risk factors (p Log Rank = 0.020) 
(suppl. Figure 2).

Among H-ATR patients, TLR rates were numerically 
lower for BP-SES compared with DP-EES (10.5% vs. 
13.5%, p Log Rank = 0.196; HR 0.78, 95% CI 0.54–1.14, 
p = 0.20) and significantly lower in L-ATR patients with 
a BP-SES (5.6% vs. 9.8%, p Log Rank = 0.005; HR 0.57, 
95% CI 0.38–0.85, p = 0.006) though with no interaction 
(pinteraction = 0.243). The rates of TV-MI were numerically 
lower with BP-SES as compared with DP-EES in H-ATR 
patients (6.0% vs. 7.3%, p Log Rank = 0.314; HR 0.78, 95% 
CI 0.48–1.28, p = 0.321) and significantly lower in L-ATR 
patients with a BP-SES (3.3% vs. 6.1%, p Log Rank = 0.017; 
HR 0.54, 95% CI 0.32–0.91, p = 0.02) still with no interac-
tion (pinteraction = 0.308). The rates of clinically driven TLR, 
cardiac death, and ST did not significantly differ between the 
groups (Fig. 3, suppl. Table 2).

The clinical outcomes of the different stent platforms 
in relationship with the increasing number of risk factors 

is demonstrated in Fig. 4 and suppl. Table 3. In patients 
with ≥ 2 risk factors the rates of TLF were numerically lower 
when a BP-SES was implanted. In patients with 1 risk factor 
TLF rates were significantly lower, and in L-ATR the TLF 
rates were numerically lower with BP-SES as compared with 
DP-EES.

After accounting for potential confounders, the use of BP-
SES was independently associated with a reduced TLF rate 
(aHR 0.70, 95% CI 0.53–0.94, p = 0.017) and TV-MI rate 
(aHR 0.69, 95% CI 0.47–0.99, p = 0.045) (Suppl. Table 4).

Discussion

The main findings of this patient-level pooled analysis from 
the randomized BIOFLOW trials were the following: (1) 
patients with H-ATR still had higher rates of TLF in the era 
of newer-generation DES; (2) more risk factors resulted in 
higher TLF, TV-MI and TLR rates; (3) the favorable clinical 
outcome after implantation of BP-SES over DP-EES was 
observed among patients with H-ATR and L-ATR, but more 
consistent in the group with L-ATR.

Coronary stents were continuously improved. Early gen-
eration DES platforms were out of stainless steel which 
required thicker struts to reach sufficient radial strength. 
The Taxus stent strut thickness was 132 µm and the Cypher 
strut thickness was 140 µm. Next refinements were a more 
biocompatible or bioresorbable polymer with -limus drugs 
(e.g. everolimus or zotarolimus) and the reduction of strut 

Table 1   Clinical characteristics 
at baseline

Data are mean ± SD or percent % (n/N)
*NSTEMI and unstable angina

L-ATR​ H-ATR​ p value
n = 1338 pts n = 1023 pts

Age. years 64.8 ± 10.2 64.2 ± 10.3 0.107
BMI 25.2 ± 12.6 25.4 ± 13.1 0.248
Female 25.9 (347/1338) 24.6 (252/1023) 0.472
Hypertension 75.4 (999/1325) 82.1 (833/1014) 0.011
Hyperlipidemia 70.9 (946/1334) 81.3 (831/1022)  < 0.0001
Diabetes mellitus 16.7 (224/1338) 53.3 (544/1021)  < 0.0001
Smoker 58.1 (777/1338) 64.2 (656/1022) 0.003
Prior myocardial infarction 2.0 (27/1324) 61.3 (623/1016)  < 0.0001
Prior PCI/CABG 14.8 (197/1330) 75.4 (768/1019)  < 0.0001
Prior stroke or TIA 3.1 (41/1338) 11.1 (113/1021)  < 0.0001
Renal disease 6.4 (86/1338) 9.3 (95/1022) 0.010
Cancer 8.6 (115/1336) 9.7 (99/1022) 0.386
Clinical presentation  < 0.0001
         Stable angina 63.2 (845/1336) 41.5 (425/1023)
         Documented silent ischemia 15.2 (203/1336) 15.3 (157/1023)
          Acute coronary syndrome* 21.6 (288/1336) 43.1 (441/1023)  < 0.0001
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thickness to 80–90 µm by using alloys such as cobalt nickel, 
platinum chromium or cobalt chromium. The reduction of 
strut thickness by using special alloys lead to greater stent 
flexibility and an improved deliverability. This allowed the 
treatment of more complex lesion subsets and consequently 
the treatment of older and more morbid patients. Thus, the 
proportion of patients with H-ATR will increase, and as 
seen in our analysis as well as in previous studies, patients 
with H-ATR are also at higher ischemic risk [13, 14], which 
makes this analysis of interest. Although newer-generation 
DES could dramatically improve clinical outcomes as 
compared with early-generation DES or bare-metal stents 
[17], their outstanding clinical performance plateaued and 
stent-related events still occur at a rate of approximately 2% 
per year [18]. Given this limitation, the role of preventive 

medicine increased in the last years and remarkable pro-
gress could be achieved. SGLT-2 inhibitors reduce ischemic 
events not only patients with diabetes [3]. In patients with 
dyslipidemia the LDL-cholesterol levels and consequently 
mortality can be reduced with PCSK-9 inhibitors if not suffi-
ciently managed with statins [19]. A therapy with the potent 
antiplatelet inhibitors Prasugrel and Ticagrelor demonstrated 
to reduce mortality after an acute coronary syndrome as well 
[6, 7]. Whether newer-generation DES can also contribute 
to a reduction of ischemic events in this vulnerable patient 
subset with H-ATR is not well studied. Our analysis dem-
onstrates that despite the refinements in newer-generation 
DES, they could not reduce the allover ischemic event rate 
in patients with H-ATR to similar event rates of patients with 
L-ATR. Remarkably, the angiographic lesion complexity 

Table 2   Lesion characteristics 
and procedural parameters (core 
lab)

*Patient level

L-ATR​ H-ATR​ p value
n = 1585 lesions n = 1185 lesions

Lesions per patient* 1.2 ± 0.5 1.2 ± 0.4 0.103
Multi-vessel treatment* 13.6 (180/1328) 10.5 (107/1015) 0.099
Complex lesion (B2/C) 56.2 (882/1570) 56.2 (662/1178) 1.000
Bifurcation lesion 11.3 (179/1585) 11.0 (130/1185) 0.807
Thrombus 0.8 (13/1585) 1.3 (15/1185) 0.256
Vessel tortuosity 0.103
 None 64.9 (1029/1585) 61.3 (726/1185)
 Moderate 20.8 (330/1585) 22.0 (261/1185)
 Severe 14.3 (226/1585) 16.7 (198/1185)

Calcification 0.886
 None/mild 83.1 (1317/1585) 82.6 (979/1185)
 Moderate 12.8 (203/1585) 13.4 (159/1185)
 Severe 4.1 (65/1585) 4.0 (47/1185)

Lesion length. mm 14.6 ± 8.0 13.0 ± 6.4 0.750
Long lesion (> 20 mm) 15.7 (248/1575) 16.2 (191/1182) 0.793
RVD. mm 2.92 ± 0.40 2.63 ± 0.36  < 0.0001
RVD ≤ 2.75 mm 56.3 (893/1585) 63.4 (751/1185)  < 0.0001
 Procedural characteristics
  Stent* 0.895
   BP-SES 66.5 (890/1338) 66.2 (677/1023)
   DP-EES 33.5 (448/1338) 33.8 (346/1023)

 No. stents per patient* 1.4 ± 0.7 1.4 ± 0.6 0.642
 Max. stent impl. pressure atm 14.2 ± 3.3 14.5 ± 4.9 0.483
 Stent diameter ≤ 3.0 mm 73.6 (1155/1570) 76.6 (898/1173) 0.075
 Stent length. mm 20.7 ± 7.1 20.9 ± 7.1 0.615
 Total stent length. mm* 26.6 ± 15.7 26.2 ± 14.1 0.670
 Predilatation 89.0 (1389/1561) 88.8 (1041/1172) 0.902
 Postdilatation 49.1 (729/1484) 50.4 (560/1111) 0.526
 Diam. stenosis at baseline 69.16 ± 10.74 58.66 ± 12.43 0.684
 Diam. stenosis post-procedure 7.32 ± 4.13 2.25 ± 11.11 0.694
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was not increased in the H-ATR cohort, which indicates the 
dominance of metabolic and/or humoral factors as triggers 
of the ischemic events in these patients.

The Xience DP-EES has a thin strut design with 81 µm, 
durable polymer and is eluting everolimus. The Orsiro BP-
SES is a further development with an ultra-thin strut design 
with 60 µm for the ≤ 3.0 mm diameter stents, with biore-
sorbable polymer and is sirolimus eluting. Ultra-thin strut 
sirolimus eluting stents have shown to reduce the risk of TLF 

in two large meta-analysis [20, 21]. Nevertheless, mortality 
was not significantly modified by the use of an ultra-thin 
strut DES. We could demonstrate that the improved clini-
cal outcome of BP-SES vs DP-EES was present in patients 
with H-ATR and L-ATR, with a much larger relative risk 
reduction by BP-SES in L-ATR patients. Nevertheless, the 
test for interaction did not reach statistical significance. The 
lower rate of TLF was driven by lower rates of TV-MI. ST 
occurred most in patients with H-ATR and less frequent with 

Fig. 1   Clinical outcomes after three years in patients with higher 
atherothrombotic risk and lower atherothrombotic risk. Kaplan–Meier 
estimates for target lesion failure (A) and their components target-

vessel myocardial infarction (B), clinical indicated target lesion revas-
cularization (C), and cardiac death (D)

Table 3   Clinical outcomes at 
three years in patients with 
H-ATR and L-ATR​

H-ATR​ L-ATR​ p value HR (95% CI) p value
(n = 1023) (n = 1338) Log rank

TLF 11.6% (115) 7.0% (92)  < 0.0001 1.669 (1.269–2.196)  < 0.0001
TV-MI 6.6% (66) 4.2% (56) 0.013 1.553 (1.088–2.217) 0.015
cTLR 5.9% (58) 3.0% (38)  < 0.0001 2.045 (1.358–3.078) 0.001
Cardiac death 1.4% (13) 0.9% (11) 0.269 1.567 (0.702–3.499) 0.273
Def/pro stent thrombosis 1.0% (10) 0.2% (3) 0.014 4.384 (1.206–15.929) 0.025
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BP-SES. The lower strut thickness might cause less vessel 
injury and less side branch coverage with a reduction of tur-
bulences and regions of lower shear resulting in a decreased 
thrombogenicity [21]. It is possible that the superior clinical 
performance of the Orsiro BP-SES in patients with L-ATR, 
results from the fact that TV-MIs are more sensitive to the 
stent, which was implanted. On the other hand, in morbid 
patients the numerous risk factors may trigger events apart 
from the device, which by nature cannot be modified by the 
stent. In those patients the specific therapies may play a more 
important role as described above.

Limitations

The following limitations need to be addressed for the inter-
pretation of the results. First, this is a post-hoc analysis of 
three randomized trials. This analysis was not prespecified. 
Thus, the results should be considered as hypothesis gener-
ating rather than conclusive. Second, the database did not 

include variables of the therapy with antiplatelet inhibitors, 
cholesterol lowering medication or anti-diabetics, which 
would have been of interest in patients with ATR. Third, 
the division of the patients assigned to the treatment with 
BP-SES or DP-EES into H-ATR and L-ATR reduced the 
statistical power of the analysis.

Conclusion

In the current analysis from the randomized BIOFLOW 
trials patients with H-ATR still had higher rates of TLF 
in the era of newer-generation DES. Patients treated with 
BP-SES had lower TLF rates as compared with DP-EES. 
The improved clinical outcome of BP-SES vs DP-EES 
was related to a lower rate of TV-MIs and was strongest in 
patients with L-ATR. Most probably in patients with H-ATR 
secondary preventive strategies are of higher value than the 
choice of stent.

Fig. 2   Clinical outcomes after three years in patients with ≥ 2risk factors, 1 risk factor and without risk factors
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Fig. 3   Clinical outcomes after 
three years in patients with 
higher atherothrombotic risk 
and lower atherothrombotic risk 
undergoing PCI with bioresorb-
able-polymer sirolimus-eluting 
stents or durable-polymer 
everolimus-eluting stents. 
Kaplan–Meier estimates for 
target lesion failure (A), target-
vessel myocardial infarction 
(B), and clinical indicated target 
lesion revascularization (C)
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Fig. 4   Clinical outcomes after 
three years in patients with ≥ 2 
risk factors, 1 risk factor, and 
without risk factors undergoing 
PCI with bioresorbable-polymer 
sirolimus-eluting stents or dura-
ble-polymer everolimus-eluting 
stents. Kaplan–Meier estimates 
for target lesion failure (A), tar-
get-vessel myocardial infarction 
(B), and clinical indicated target 
lesion revascularization (C)
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Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00392-​023-​02205-4.
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