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BACKGROUND: Long-term follow-up is essential to evaluate the impact of polymer degradation in drug-eluting stents 
(DES). 

AIMS: We aimed to compare durable-polymer DES (DP-DES) and biodegradable-polymer DES (BP-DES) during 
a 3-year follow-up to evaluate the entire period of polymer resolution (before, during, and after degradation).

METHODS: The HOST REDUCE POLYTECH RCT Trial was a  randomised clinical trial enrolling patients with 
acute coronary syndrome (ACS) and comparing the efficacy and safety of DP-DES and BP-DES. The primary out-
come was a  patient-oriented composite outcome (POCO), and the key secondary outcome was a  device-oriented 
composite outcome (DOCO).

RESULTS: A  total of 3,413 ACS patients were randomised to either the DP-DES (1,713  patients) or BP-DES 
(1,700 patients) group. During the 3-year follow-up, the risk of the POCO was similar between the DP-DES and 
BP-DES groups (14.8% vs 15.4%, hazard ratio [HR] 0.96, 95% confidence interval [CI]: 0.80-1.14; p=0.613). 
However, the risk of the DOCO was lower in the DP-DES group (6.0% vs 8.0%, HR 0.73, 95% CI: 0.57-0.95; 
p=0.020). In a  landmark analysis, the lower risk of the DOCO for the DP-DES group was evident during the 
transition from the early to the late period after percutaneous coronary intervention (PCI) (from 8 to 16 months 
post-PCI; 1.8% vs 3.3%, HR 0.54, 95% CI: 0.34-0.84; p=0.007), which was mainly driven by a risk reduction of 
target lesion revascularisation.

CONCLUSIONS: In ACS patients, DP-DES showed similar results to BP-DES regarding the POCO up to 3 years. For 
the DOCO, DP-DES were superior to BP-DES; this was due to the higher event rate during the period of polymer 
degradation.
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Polymers in early-generation drug-eluting stents (DES) 
had issues of delayed healing, local hypersensitivity, 
inflammation, and neoatherosclerosis1. Therefore, recent 

development has focused on more biocompatible durable 
polymers (DP) and biodegradable polymers (BP). BP-DES 
seem to be theoretically better than DP-DES. However, this 
has not been confirmed in large-scale randomised trials, 
which have mostly reported comparable clinical outcomes 
between DP-DES and BP-DES2-9. Most of these studies were 
performed in all-comers, including a  high proportion of 
stable angina patients; comparison of polymer technologies in 
dedicated acute coronary syndrome (ACS) patients is scarce. 
The HOST REDUCE POLYTECH RCT Trial (Harmonizing 
Optimal Strategy for Treatment of Coronary Artery Diseases 
Trial - Comparison of REDUCTION of PrasugrEl Dose & 
POLYmer TECHnology in ACS Patients) including a  DES 
arm (HOST REDUCE ACS) and an antiplatelet arm (HOST 
REDUCE ACS) demonstrated the non-inferiority of DP-DES 
to BP-DES with regard to patient-oriented composite 
outcomes (POCO), but DP-DES showed a  lower risk of 
device-oriented composite outcomes (DOCO) compared to 
BP-DES at 1  year10. However, regarding the mechanism of 
stent stabilisation, a  1-year follow-up period is too short 
to fully evaluate the impact of polymer degradation on the 
vascular tissue response and subsequent clinical events.

The performance of DES is determined by three essential 
components: the antiproliferative drug, the metallic stent 
strut and the polymer technology. Among these components, 
short-term results within the first year after percutaneous 
coronary intervention (PCI) may be majorly influenced by the 
drug and stent strut. Considering that the duration of polymer 
degradation in BP-DES varies from 4 to 15 months after PCI 
depending on the polymer11, long-term follow-up is required 
to evaluate the effect of different polymer technologies 
between DP-DES and BP-DES. Therefore, we initially planned 
the 3-year follow-up of the HOST-POLYTECH-ACS arm to 
compare two different polymer technologies in ACS patients.

Methods
STUDY DESIGN
This analysis evaluates long-term follow-up data of the 
DES arm of the HOST REDUCE POLYTECH RCT Trial 
(ClinicalTrials.gov: NCT02193971). The trial design and 
primary endpoint rate at 1  year have been published 
previously10,12,13. Briefly, the trial was an investigator-initiated, 
randomised, parallel-group, open-label, adjudicator-blinded, 
multicentre trial performed at 35 centres in the Republic of 
Korea. The trial had a 2 by 2 factorial design evaluating two 
independent hypotheses and had two arms: the antiplatelet 
arm and DES arm. The antiplatelet arm, HOST REDUCE 
ACS, investigated the non-inferiority of prasugrel dose 
de-escalation therapy 1 month after index PCI compared to 
maintaining a  conventional dose of prasugrel for 1  year in 
ACS patients13. The DES arm, HOST REDUCE ACS, explored 
the non-inferiority of DP-DES to BP-DES regarding patient-
oriented outcomes in ACS patients at 1 year10. However, the 
performance of DES within the first year after PCI may be 
more influenced by the drug and stent strut rather than by 
the polymer technology. Therefore, to evaluate the clinical 
impact of two different polymer technologies, we planned 

a  prespecified 3-year follow-up to compare the efficacy and 
safety of DP-DES and BP-DES.

STUDY POPULATION AND RANDOMISATION 
Patients 19  years old or older diagnosed with ACS and 
having at least one culprit de novo coronary lesion eligible 
for stent implantation were considered for inclusion in 
this trial. The trial protocol, including the full inclusion/
exclusion criteria and sample size calculation, is available in 
Supplementary Appendix 1. The study followed the provisions 
of the Declaration of Helsinki and was approved by the 
institutional ethics committee of each participating site. All 
patients provided written informed consent at enrolment. 
After diagnostic coronary angiography, eligible patients 
were randomly assigned to receive DP-DES (Promus Premier 
[Boston Scientific], XIENCE Alpine [Abbott], Resolute Onyx 
[Medtronic], DESyne or DESyneX2 [both Elixir Medical]) 
or BP-DES (BioMatrix, BioMatrix Flex [both Biosensors], 
Nobori, Ultimaster [both Terumo], SYNERGY [Boston 
Scientific], or Orsiro [BIOTRONIK]) in a 1:1 ratio (Figure 1). 
Randomisation was performed by a  web-based application 
(Interactive Web Response System; software configuration: 
Apache 2, PHP 5, and MySQL 5, developed by the Medical 
Research Collaborating Center, Seoul National University 
Hospital), with information inputted by an independent 
clinical nurse or research nurse coordinator who was not 
involved with the rest of the trial. 

DEFINITIONS OF CLINICAL OUTCOMES
The primary outcome was the POCO at 3 years, a composite 
of all-cause death, non-fatal myocardial infarction (MI), and 
any repeat revascularisation. The key secondary outcome was 
the DOCO at 3 years, including cardiac death, target vessel 
MI, and target lesion revascularisation (TLR). The individual 
outcomes of the composite outcomes, stent thrombosis, 
target vessel revascularisation (TVR), non-TLR TVR, and 
non-TVR were also evaluated. All clinical outcomes were 
adjudicated by independent event adjudication committee 

Impact on daily practice
Data from long-term follow-up of the HOST REDUCE 
POLYTECH RCT Trial present a  comparison of 
biodegradable-polymer and durable-polymer drug-eluting 
stents (DP-DES) for the entire period of polymer degradation. 
During the total 3-year follow-up period, both stent arms 
showed similar patient-oriented composite outcome rates. 
However, the device-oriented composite outcome rate was 
lower in the DP-DES arm, which was majorly driven by 
target lesion revascularisation events that occurred when 
the polymer degradation was ongoing, defined as 8 to 
16  months after percutaneous coronary intervention. This 
can be explained by the fact that polymer degradation 
may induce inflammation, leading to tissue growth or 
thrombosis at the stented segment. Medical treatment that 
can control inflammation during the polymer degradation 
period may improve clinical outcomes, and next-generation 
stents may improve performance by stabilising the polymer 
degradation mechanism.
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members, who were blinded to the randomisation groups, 
throughout the 3-year follow-up period. The members of the 
independent event adjudication committee received medical 
records regarding adverse events without information on the 
randomisation groups.

STATISTICAL ANALYSIS
The sample size calculation was based on the working 
hypothesis of the original HOST REDUCE POLYTECH RCT 
Trial that DP-DES were non-inferior to BP-DES regarding 
the POCO at 1  year in patients with ACS10. A  total of 
3,384  patients were required to test the hypothesis of the 
original trial, and analyses were performed according to 
the intention-to-treat manner for this prespecified 3-year 
follow-up. The per-protocol analyses were also done as 
sensitivity analyses. To reflect the various stages of polymer 
degradation in BP-DES, we performed post hoc landmark 
analyses at 240 days and 480 days post-PCI11. The timepoints 
of the landmark analyses were determined by two factors: 
the time point of polymer degradation (120 to 360  days 
after PCI) and the temporal incidence of in-stent restenosis 
after PCI (the peak of restenosis of bare metal stents − into 
which the BP-DES transform − is 120 to 240 days after PCI). 
Adding these numbers together, we defined the “transition 
period” as the whole time period vulnerable to restenosis 
(when tissue responds to the microenvironment change 
induced by polymer degradation and bare metal exposure), 
which is 240 days to 480 days post-PCI. The time period up 
to 240 days after PCI (when the polymer degradation starts 
and is ongoing) was defined as the “early period” and that 

beyond 480 days post-PCI (when tissue stabilises) as the “late 
period”. Sensitivity analysis was performed on the event rate 
between stents within the BP-DES group: those exposing bare 
metal after polymer resolution (BioMatrix, BioMatrix Flex, 
Nobori, Ultimaster, SYNERGY) versus Orsiro, which does 
not expose bare metal even after polymer resolution due to 
the passive coating seal.

Categorical variables are reported as counts and percentages, 
and continuous variables are presented as means with 
standard deviations. Categorical variables were compared 
by the chi-squared test, while continuous variables were 
compared by the Student’s t-test. The cumulative incidence 
of each clinical outcome was presented with Kaplan-Meier 
estimates, and the group differences were compared by the 
log-rank test. The Cox proportional hazards assumptions 
were verified, and results were presented as a  hazard ratio 
(HR) with its 95% confidence interval (CI). The consistency 
of the polymer effects among subgroups was assessed by 
a formal interaction test using the Cox proportional hazards 
regression model. All p-values were 2-sided, and p<0.05 was 
considered statistically significant. The statistical package R, 
version 4.0.3 (R Foundation for Statistical Computing) was 
used for statistical analysis. 

Results
PATIENTS AND FOLLOW-UP
From September 2014 to December 2018, a  total of 
3,418 patients with ACS who had at least one culprit de novo 
coronary lesion requiring stent implantation were randomised 
to the DP-DES (1,713 patients) or the BP-DES (1,700 patients) 

3,429 patients with acute coronary syndrome screened

3,413 patients successfully randomised

1,713 patients allocated to
durable-polymer DES

1,647 patients completed 3-year follow-up
88 died during follow-up

Randomisation error in 16 patients

1,693 patients received allocated stent(s)

20 patients did not receive allocated stent
    - 8 received non-allocated DES or bare metal
     stent(s)
    - 12 received no stent

23 withdrew consent
43 lost to follow-up

1,700 patients allocated to
biodegradable-polymer DES

1,644 patients completed 3-year follow-up
95 died during follow-up

1,679 patients received allocated stent(s)

21 patients did not receive allocated stent
    - 17 received non-allocated DES or bare metal
     stent(s)
    - 4 received no stent

31 withdrew consent
25 lost to follow-up

Figure 1. Study flowchart. Patients who were diagnosed with ACS and who had at least 1 culprit coronary lesion in a native 
coronary artery with significant stenosis eligible for stent implantation were randomly assigned to the DP-DES group or the 
BP-DES group. Clinical follow-up was conducted up to 3 years after index PCI. ACS: acute coronary syndrome; 
BP: biodegradable-polymer; DES: drug-eluting stent; DP: durable-polymer; PCI: percutaneous coronary intervention
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group (Figure 1). Among them, 54 patients withdrew informed 
consent, and 68  patients were lost to follow-up at 3-year 
follow-up, leaving data available for 96.4% of the total 
population. The mean age was 63.1±11.1 years, and 45.0% of 
patients had diabetes mellitus (Table 1). The clinical diagnosis 
was unstable angina in 61.7% of patients, non-ST-segment 
elevation MI in 25.2%, and ST-segment elevation MI in 
13.1%. Angiographic data showed that 54.4% of patients had 
multivessel disease, 30.5% underwent multilesion intervention, 
and the mean number of used stents was 1.7±1.0 (Table 1). 

More than 30% of patients underwent imaging-guided PCI. 
Baseline patient, lesion and procedural characteristics were 
well balanced between the two groups. Discharge medications 
and medications during follow-up are shown in Supplementary 
Table 1. There was no difference in the medications, including 
the antiplatelet pattern between the two groups. 

CLINICAL OUTCOMES
During 3  years of follow-up, the POCO occurred in 
246 patients (Kaplan-Meier estimate: 14.8%) in the DP-DES 

Table 1. Baseline characteristics and lesion characteristics. 

DP-DES (N=1,713) BP-DES (N=1,700) p-value

Demographics

Age, years 63.0±11.1 63.1±11.1 0.717

Male 1,351 (78.9) 1,337 (78.6) 0.908

Body mass index, kg/m2 24.9±3.1 25.0±3.2 0.647

Hypertension 1,092 (63.7) 1,147 (67.5) 0.023

Diabetes 789 (46.1) 747 (43.9) 0.227

Dyslipidaemia 1,280 (74.7) 1,247 (73.4) 0.382

Chronic kidney disease 79 (4.6) 65 (3.8) 0.289

Current smoker 515 (30.1) 475 (27.9) 0.331

Prior myocardial infarction 67 (3.9) 70 (4.1) 0.826

Prior revascularisation 220 (12.8) 220 (12.9) 0.973

Prior stroke 92 (5.4) 110 (6.5) 0.197

Clinical presentation at index PCI

STEMI 233 (13.6) 214 (12.6)

0.207NSTEMI 448 (26.2) 412 (24.2)

Unstable angina 1,031 (60.2) 1,074 (63.2)

Lesion characteristics

Number of diseased vessels

One vessel 778/1,703 (45.7) 769/1,689 (45.5)

0.274Two vessels 549/1,703 (32.2) 512/1,689 (30.3)

Three vessels 376/1,703 (22.1) 408/1,689 (24.2)

Culprit lesion location

Left main coronary artery 62/1,679 (3.7) 58/1,669 (3.5)

0.943
Left anterior descending artery 837/1,679 (49.9) 845/1,669 (50.6)

Left circumflex artery 307/1,679 (18.3) 308/1,669 (18.5)

Right coronary artery 473/1,679 (28.2) 458/1,669 (27.4)

Procedural complexity

Multilesion intervention 512/1,687 (30.3) 512/1,674 (30.6) 0.912

Heavy calcification 317/2,353 (13.5) 344/2,329 (14.8) 0.217

Bifurcation lesion 422/2,351 (17.9) 438/2,326 (18.8) 0.460

Thrombotic lesion 204/2,353 (8.7) 208/2,328 (8.9) 0.789

Type B2/C lesion 1,165/2,351 (49.6) 1,215/2,328 (52.2) 0.076

ISR lesion 56/2,353 (2.4) 42/2,328 (1.8) 0.203

IVUS use 706/2,360 (29.9) 752/2,339 (32.2) 0.104

Number of treated lesions per person 1 [1, 2] 1 [1, 2] 0.958

Number of stents per person 1 [1, 2] 1 [1, 2] 0.475

Data are presented as mean±standard devation, n (%), n/N (%) or median [interquartile range]. BP: biodegradable-polymer; DES: drug-eluting stent; 
DP: durable-polymer; ISR: in-stent restenosis; IVUS: intravascular ultrasound; NSTEMI: non-ST-segment elevation myocardial infarction; 
PCI: percutaneous coronary intervention; STEMI: ST-segment elevation myocardial infarction
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group and in 254 patients (Kaplan-Meier estimate: 15.4%) in 
the BP-DES group (HR 0.96, 95% CI: 0.80-1.14; p=0.613) 
(Central illustration, Table 2). The DOCO occurred in 
98  patients (Kaplan-Meier estimate: 6.0%) in the DP-DES 
group and 131 patients (Kaplan-Meier estimate: 8.0%) in the 
BP-DES group (Central illustration). The risk of the DOCO 
was lower in the DP-DES group than in the BP-DES group 
(HR 0.73, 95% CI: 0.57-0.95; p=0.021), which was mostly 
driven by a lower risk of TLR (HR 0.61, 95% CI: 0.42-0.88; 
p=0.008). Other secondary endpoints are shown in Table 2 
and Supplementary Figure 1. The incidence of both non-TLR 
and non-TVR were similar between the two groups. 

PER-PROTOCOL ANALYSES AND SUBGROUP ANALYSES
The per-protocol analyses demonstrated similar results to 
the intention-to-treat analyses for the primary outcome 
(Kaplan-Meier estimates: 14.7% vs 15.2% in the DP-DES 
and BP-DES groups, HR 0.96, 95% CI: 0.81-1.15; p=0.690) 
and for the key secondary outcome (Kaplan-Meier estimates: 
6.0% vs 7.9% in the DP-DES and BP-DES groups, HR 
0.75, 95% CI: 0.57-0.97; p=0.030) (Supplementary Figure 2, 
Supplementary Table 2). Also, no significant interaction 
was observed between the antiplatelet arm and DES arm, 
with regard to the primary and key secondary outcomes 
(Supplementary Figure 3). In subgroup analyses, the impact of 
polymer types on the primary and key secondary outcomes 
was consistent across various subgroups without significant 
interactions (Supplementary Table 3, Supplementary Table 4). 
In a  sensitivity analysis excluding patients receiving stents 
with thick stent struts (stent strut thickness >100 μm), such as 
the BioMatrix, BioMatrix Flex and Nobori DES, the clinical 
outcomes were consistent across the total study population as 
shown in Supplementary Figure 4.

LANDMARK ANALYSIS
Landmark analyses were performed at 240 and 480  days 
after index PCI (Central illustration). Regarding the POCO, 
there was no difference in outcomes between the DP-DES 
versus BP-DES groups during the early period (Kaplan-Meier 
estimate: 3.7% vs 4.0%, HR 0.91, 95% CI: 0.65-1.29; 
p=0.612), transition period (Kaplan-Meier estimate: 5.8% vs 
6.9%, HR 0.82, 95% CI: 0.62-1.09; p=0.167), or late period 
post-PCI (Kaplan-Meier estimate: 6.1% vs 5.2%, HR 1.18, 
95% CI: 0.87-1.60; p=0.278). Regarding the DOCO, there 
were no differences in outcomes between stent groups during 
the early period (Kaplan-Meier estimate: 2.0% vs 2.6%, HR 
0.76, 95% CI: 0.49-1.19; p=0.233) or late period post-PCI 
(Kaplan-Meier estimate: 2.2% vs 2.2%, HR 1.01, 95% CI: 
0.63-1.61; p=0.978). However, during the transition period, 
the risk of the DOCO was significantly lower in the DP-DES 
group (Kaplan-Meier estimate: 1.8% vs 3.3%, HR 0.54, 
95% CI: 0.34-0.84; p=0.007). We also performed a landmark 
analysis 1 year post-PCI (Supplementary Figure 5). Both stent 
arms showed similar performance regarding the POCO and 
DOCO, before and after 1 year post-PCI. 

Discussion 
In this 3-year follow-up of the HOST POLYTECH ACS arm 
of the HOST REDUCE POLYTECH RCT Trial, we were 
able to observe differences between the clinical outcomes 

of patients who received DP-DES and BP-DES. The current 
study is the largest single study with a  dedicated ACS 
population and meets the requirement to assess different 
polymer technologies, i.e., the long follow-up duration 
covering before, during, and after polymer degradation. 
In terms of patient-oriented outcomes, both DP-DES and 
BP-DES demonstrated excellent outcomes and showed similar 
performance. However, the rate of device-oriented outcomes 
was significantly lower in the DP-DES group than the BP-DES 
group. In a  post hoc landmark analysis, we found that this 
was mainly driven by the reduction of adverse events between 
8 and 16  months post-PCI, the transition period when 
polymer degradation and subsequent bare metal exposure 
of BP-DES probably induce inflammation in the micromilieu 
and then aggravate neointimal growth or thrombosis in the 
stented segment (Central illustration). These findings were 
consistent in a  post hoc analysis which excluded thick-strut 
stents from the BP-DES group. The present analysis extends 
our understanding on the dynamic change in performance 
between BP-DES and DP-DES depending on the time period 
after implantation.

COMPARISON OF THE POLYMERS ON DP-DES AND BP-DES
The first-generation DES were effective in reducing restenosis 
compared to bare metal stents. However, their polymers were 
deemed to play an important role in chronic inflammatory 
reactions, leading to late events14. Naturally, the objective 
of further DES development was to make polymers 
biocompatible with less inflammation or to have polymers 
degrade within a few months, after they have served their role 
of drug elution. Numerous clinical trials have tested whether 
BP-DES have clear benefits compared with DP-DES, but the 
majority have failed, since outcomes were mostly comparable 
between the two types of DES2-9. A recent large meta-analysis 
comparing BP-DES to second-generation DP-DES found no 
significant differences in the rates of TVR, stent thrombosis, 
MI, or cardiac death between the two platforms, suggesting 
similar safety and efficacy15. However, the follow-up duration 
of most of the studies included in the meta-analysis was 
12 months, and therefore, the impact of polymer degradation 
on clinical outcomes could not be fully evaluated. Moreover, 
most of the available literature on comparison of polymer 
technologies reported clinical outcomes based on all-comers. 
When we consider the pathophysiology of ACS, which mainly 
occurs by plaque rupture or erosion followed by platelet-rich 
thrombosis and inflammation16, the clinical performance may 
be more profoundly affected by differences in the polymer 
technology in ACS patients.

TIME-SPECIFIC LANDMARK ANALYSIS
In our study, we performed a post hoc time-specific landmark 
analysis, revealing that DP-DES had a lower risk of the DOCO 
compared to BP-DES in patients with ACS. This was mainly 
due to the difference in DOCO rates between 240 to 480 days 
after implantation (transition period). Among a  total of 131 
DOCO events in the BP-DES group, about 40% (53 events) 
occurred during the transition period. The difference between 
the two groups disappeared beyond 480  days post-PCI 
(late period). The lower DOCO rate in the DP-DES group, 
compared to in the BP-DES group, during the transition 
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period can be explained by certain mechanisms. First, the 
inflammatory process induced by polymer degradation may 
lead to endothelial dysfunction, delayed endothelialisation, 
neointimal hyperplasia and late thrombosis17. This process 
may be exaggerated and have a  larger impact on clinical 

outcomes in patients with ACS. Considering the different 
polymer degradation time of each BP-DES (3-4  months for 
Ultimaster and SYNERGY, 9-12  months for BioMatrix/
Nobori, and 12-15 months for Orsiro), the transition period 
is the time frame when polymers degrade and then probably 

EuroIntervention Central Illustration

Three-year follow-up of polymer technology in ACS.
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A) A total of 313 patients, who were diagnosed with ACS and who had at least 1 culprit coronary lesion eligible for stent 
implantation, were randomly assigned to the DP-DES group or the BP-DES group. B) POCO and DOCO were evaluated 
during the 3-year clinical follow-up period. Risk of the POCO was similar between the two groups, while risk of the DOCO 
was higher in the BP-DES group. C) Landmark analyses of the DOCO at 240 days and 480 days post-PCI showed that this 
difference was mostly derived from events during the transition period. ACS: acute coronary syndrome; BP-DES: biodegradable-
polymer drug-eluting stent; CI: confidence interval; DOCO: device-oriented composite outcome; DP-DES: durable-polymer 
drug-eluting stent; HR: hazard ratio; PCI: percutaneous coronary intervention; POCO: patient-oriented composite outcome
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induce an acidic and inflammatory local milieu with bare 
metal exposure at the stented segment, leading to neointimal 
tissue growth and thrombosis. This finding of a  lower risk 
of the DOCO with DP-DES may have been magnified by 
the bump in the event curves that was observed around 
1  year post-PCI. This may reflect the tendency to perform 
angiographic surveillance at this time. However, this may have 
a  minor influence on the study results, because these events 
were clinically driven revascularisation events, mostly at the 
target lesion site, which were adjudicated by independent 
event adjudication committee members, who were blinded to 
the randomisation groups.

Second, the durable polymers used in new-generation 
DES have superior biocompatibility compared to bare 
metal stents. The polymers of newer-generation DES have 
been shown to reduce thrombogenicity and vascular injury, 
accelerate endothelialisation, and potentially improve clinical 
outcomes18. Moreover, the extent of fibrin and inflammatory 
response is significantly less in the second-generation DES, 
inducing greater neointimal coverage and re-endothelialisation 
over struts19,20. A  superior albumin retention rate and 
thromboresistance of durable polymers may also lead to 
lower late restenosis in DP-DES21. 

Our finding of higher DOCO rates in BP-DES patients 
during the transition period after PCI is reflected in higher 
DOCO rates in BP-DES patients after 1 year post-PCI in other 
studies. The BIO-RESORT study showed a  late catch-up of 
TLR rates for the SYNERGY BP-DES compared to the Onyx 

DP-DES5. In the SORT-OUT VI trial, 1-year results reported 
that the TLR rate was lower in the BP-DES (BioMatrix Flex) 
arm; however, the 3-year results showed the TLR rate was 
lower in the DP-DES (Resolute Integrity [Medtronic]) arm 
owing to events that occurred in the BP-DES arm after the 
first year of follow-up4. In the Japanese NEXT Trial, the 
safety and efficacy of BP-DES (Nobori) were non-inferior 
to those of DP-DES (XIENCE [Abbott]/Promus [Boston 
Scientific]) at 3 years6. But, similarly, the Japanese CENTURY 
II Trial showed that there was a  late catch-up of TLR rates 
in the BP-DES (Ultimaster) group compared to the DP-DES 
(XIENCE) group at 5-year follow-up22. 

Limitations
The results of the current study should be interpreted in view of 
several limitations. First, the randomisation of the current arm 
of the study was only for polymer technology, which resulted in 
the inclusion of various stents in each group. Clinical outcomes 
may be influenced by not only the polymer technology but 
also from numerous stent-related factors, such as stent design, 
strut thickness, release kinetics and the type of antiproliferative 
drug applied. These stent-related factors may influence the 
clinical events in the early period after PCI, while differences 
in polymers may influence the events in the transition period, 
when polymers are degraded and microenvironmental changes, 
inflammation and then vascular tissue response can occur. 
In our current analysis, the increase in TLR rates in BP-DES 
patients, compared to DP-DES patients, was significant during 

Table 2. Clinical outcomes at 3 years in the intention-to-treat population.

DP-DES
(N=1,713)

BP-DES
(N=1,700)

Hazard ratio (95% CI) p-value

Primary endpoint

Patient-oriented composite outcome* 246 (14.8) 254 (15.4) 0.96 (0.80-1.14) 0.613

Key secondary endpoint

Device-oriented composite outcome† 98 (6.0) 131 (8.0) 0.73 (0.57-0.95) 0.021

Other secondary endpoints

All-cause death 88 (5.3) 95 (5.7) 0.92 (0.69-1.23) 0.562

Cardiac death 49 (3.0) 59 (3.6) 0.82 (0.56-1.20) 0.312

Any MI 25 (1.6) 24 (1.5) 1.03 (0.59-1.81) 0.911

Target vessel myocardial infarction 12 (0.7) 13 (0.8) 0.91 (0.42-2.00) 0.821

Stent thrombosis

Definite/probable 9 (0.6) 8 (0.5) 1.11 (0.43-2.89) 0.824

Definite/probable/possible 9 (0.6) 9 (0.6) 0.99 (0.39-2.49) 0.983

Acute (<24h) 1 (0.1) 2 (0.1)

Subacute (1 day-1 month) 1 (0.1) 2 (0.1)

Late (1 month-1 year) 7 (0.4) 5 (0.3)

Any repeat revascularisation 162 (10.0) 168 (10.5) 0.95 (0.77-1.18) 0.644

Target vessel revascularisation 71 (4.4) 106 (6.6) 0.66 (0.49-0.89) 0.006

Target lesion revascularisation 46 (2.9) 74 (4.6) 0.61 (0.42-0.88) 0.008

Non-target lesion revascularisation 25 (1.6) 32 (2.0) 0.77 (0.46-1.31) 0.337

Non-target vessel revascularisation 102 (6.3) 82 (5.1) 1.24 (0.93-1.66) 0.150

Data are presented as n (%). *Patient-oriented composite outcome: a composite of all-cause death, non-fatal myocardial infarction, and any repeat 
revascularisation. †Device-oriented composite outcome: a composite of cardiac death, target vessel myocardial infarction, and target lesion 
revascularisation. BP: biodegradable-polymer; CI: confidence interval; DES: drug-eluting stent; DP: durable-polymer; MI: myocardial infarction
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the transition period but not during the early phase or late phase 
post-PCI, suggesting that this difference in TLR rates may be 
derived from differences in the polymers. Previous studies have 
failed to evaluate the potential impact of polymer degradation on 
clinical events depending on the period of polymer degradation 
after stent implantation. Moreover, we performed a  sensitivity 
analysis by excluding BP-DES with thick stent struts, which 
revealed consistent results. The strut thickness of the different 
BP-DES and DP-DES platforms in our study were as follows: 
for the BP-DES: Orsiro 60 μm, SYNERGY 74 μm, Ultimaster 
80 μm, BioMatrix 120 μm, BioMatrix Flex 120 μm, and Nobori 
120  μm; and for the DP-DES: Onyx 81  μm, XIENCE Alpine 
81 μm and Promus Premier 81 μm. Since the reduction of strut 
thickness has been associated with a reduced risk of restenosis23, 
we performed another sensitivity analysis after excluding stents 
with a  strut thickness of 100  μm or more. Nevertheless, the 
superiority of DP-DES was still persistent, showing that the 
higher TLR rate of BP-DES patients during the transition period 
after PCI was not attributed to the strut thickness or stent 
design. However, there is still a possibility that the results might 
have been driven by a particular DP-DES or BP-DES rather than 
by the polymer or strut thickness. 

Second, the timepoints of the landmark analyses at 240 
and 480  days were not included in the prespecified analysis 
plan, therefore the results should be interpreted as hypothesis-
generating analyses. Third, we observed a bump in the event 
curves during the transition period in both the DP-DES and 
BP-DES groups. Angiographic surveillance was not performed 
in this study, and the primary endpoint only included clinically 
driven revascularisation events. Moreover, the prescription 
patterns of all medications, including antiplatelet agents, were 
similar between the two groups. Fourth, although we reported 
a significant difference in the DOCO incidence, our study was 
not adequately powered to assess the individual components of 
the composite endpoint, let alone rare device-oriented clinical 
events, such as stent thrombosis. Additionally, our study could 
not demonstrate a difference in patient-oriented outcomes, and 
thus, the current findings should be considered hypothesis-
generating. Fifth, we did not evaluate the quality of PCI post-
procedure, such as with quantitative coronary angiography of 
the target lesion, assessment of post-PCI minimal stent area 
when intravascular ultrasound was utilised, or physiological 
assessment when fractional flow reserve was utilised. Sixth, 
this was a  Korean-only study, therefore caution is needed 
in interpretation. Our findings may not be generalisable to 
other populations who may respond differently to the stent 
characteristics. Lastly, this was an open-label study, and the 
clinical events committee relied on information from medical 
charts and reports of telephone interviews, which may have 
been biased by the primary physician. 

Conclusions
During 3-year follow-up of ACS patients undergoing PCI, 
DP-DES showed similar rates of patient-oriented outcomes 
to BP-DES, while DP-DES were superior to BP-DES in terms 
of device-oriented outcomes, due to a  lower risk during the 
transition period after PCI. These results suggest that polymer 
degradation may transiently change the local milieu and induce 
inflammation, tissue growth, or thrombosis at the stented 
segment, leading to adverse events.
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Supplementary data 

Supplementary Appendix 1. Extended methods. 

The HOST-REDUCE-POLYTECH-ACS (Harmonizing Optimal Strategy for Treatment of 

coronary artery diseases--comparison of REDUCtion of prasugrEl dose or POLYmer 

TECHnology in ACS patients) trial is an investigator-initiated, randomized, parallel-group, 

open-label, adjudicator-blinded, multicenter trial done at 35 study sites in Korea. The design 

of the study was described previously12.  

 

Coronary angiogram and percutaneous coronary intervention 

Coronary angiogram and percutaneous coronary intervention (PCI) was performed according 

to current standard techniques. The choice of pre-dilatation, post-stenting adjunctive balloon 

inflation, and the use of intravascular imaging or glycoprotein IIb/IIIa inhibitors were all left 

to the operators' discretion. There was no restriction in the number of lesions treated or number 

of stents implanted. Post-procedure, all patients in both randomization arms were given 100 

mg daily of aspirin with a P1Y12 inhibitor according to the current guideline. Dual antiplatelet 

therapy was recommended for at least 1-year post PCI, however, the treatment strategy could 

be adjusted at the clinician’s discretion in patients with any clinical event. 

 

Inclusion and Exclusion Criteria 

The inclusion and exclusion criteria of the current trial is as follows. 

Inclusion criteria 

a) Subject must be ≥ 19 years 

b) Subject is able to verbally confirm understandings of risks, benefits and treatment 

alternatives of receiving PCI and he/she or his/her legally authorized representative 

provides written informed consent prior to any study related procedure. 

c) Subject must have a culprit lesion in a native coronary artery with significant stenosis 

(>50% by visual estimate) eligible for stent implantation 

d) Subject must have clinical diagnosis of acute coronary syndrome 



 

Exclusion Criteria 

a) Following patients will be enrolled in stent comparison, but excluded from antiplatelet 

comparison. They will be classified as observational cohort. 

I. Subjects ≥75 years 

II. Body weight <60 kg 

III. History of TIA or stroke (Provided, however, that those who are judged by the 

investigators to have a small vessel disease may be excluded from the observational 

cohort) 

b) The patient has a known hypersensitivity or contraindication to any of the following 

medications: Heparin, Aspirin, Clopidogrel, Prasugrel, Ticagrelor, Biolimus, Everolimus, 

Contrast media (Patients with documented sensitivity to contrast media which can be 

effectively premedicated with steroids and diphenhydramine [e.g. rash] may be enrolled. 

Those with true anaphylaxis to prior contrast media, however, should not be enrolled.) 

c) Patients with active pathologic bleeding 

d) Gastrointestinal or genitourinary bleeding within the prior 3 months, or major surgery 

within 2 months. 

e) Systemic (intravenous) Biolimus, or Everolimus use within 12 months. 

f) Female of childbearing potential, unless a recent pregnancy test is negative, who 

possibly plan to become pregnant any time after enrollment into this study. 

g) History of bleeding diathesis, known coagulopathy (including heparin-induced 

thrombocytopenia), or will refuse blood transfusions 

h) Non-cardiac co-morbid conditions are present with life expectancy <1 year or that may 

result in protocol non-compliance (per site investigator’s medical judgment). 

 

Randomization  

After the initial coronary angiogram, but before PCI, eligible patients were centrally 



randomized (1:1) to either DP-DES (Promus Premier®, Xience Alpine®, Resolute Onyx®, 

DESyne®, DESyneX2®) or BP-DES (Biomatrix®, Biomatrix Flex®, Nobori®, Ultimaster®, 

Synergy®, Orsiro®). The randomization sequence was generated by a web-based application 

(MRCC IWRS System; software configuration: Apache 2, PHP 5, and MySQL 5) developed 

by the Medical Research Collaborating Center (Seoul, South Korea). No blocking or 

stratification methods were applied. Randomization was done by an independent research nurse 

or clinical nurse coordinator, who was not involved with the rest of the trial. Outcome assessors 

were masked to the allocated stent, whereas treating physicians and patients were not. All 

clinical events were adjudicated by an independent event adjudication committee, who were 

unaware of the treatment allocations.  

 

Data collection and management 

This study used a web-based electronic case report form (eCRF) with Pharmaco-epidemiology 

and Clinical Trial Application X (PhactaX), which was developed by the Medical Research 

Collaborating Center of Seoul National University Hospital. PhactaX is based on Java and 

Oracle databases, in compliance with international standards and regulations. Central and 

onsite data were monitored by the central lab at Seoul National University Hospital 

Cardiovascular Clinical Research Center. All participating sites received multiple onsite 

monitoring visits to verify informed consent in all participants and to check key data in enrolled 

patients. Using the Korean health system’s unique identification numbers, the vital status of all 

patients enrolled in the study was crosschecked. All clinical events were adjudicated by an 

independent event adjudication committee, unaware of the treatment allocations.  

 



Supplementary Table 1. Medication prescription during follow-up. 

 DP-DES (N=1,713) BP-DES (N=1,700) p-value 

Medication at discharge    

 Aspirin 1,665/1,697 (98.1%) 1,652/1,687 (97.9%) 0.786 

 P2Y12 inhibitor    

- Clopidogrel 482/1,697 (28.4%) 473/1,687 (28.0%) 0.843 

- Prasugrel 1,091/1,697 (64.3%) 1,075/1,687 (63.7%) 0.758 

- Ticagrelor 132/1,697 (7.8%) 151 / 1,687 (9.0%) 0.242 

 Beta-blocker 918 (54.3%) 902 (53.8%) 0.768 

 ACEi/ARB 913 (54.1%) 960 (57.2%) 0.074 

 Calcium channel blocker 411 (24.3%) 376 (22.4%) 0.194 

 Statin 1,583 (93.7%) 1,562 (93.0%) 0.501 

Medication prescription at 1-year post-PCI 

 Aspirin 1,469/1,659 (88.5%) 1,490/1,643 (90.7%) 0.050 

 P2Y12 inhibitor    

- Clopidogrel 603/1,659 (36.3%) 576/1,643 (35.1%) 0.461 

- Ticagrelor 71/1,659 (4.3%) 98/1,643 (6.0%) 0.034 

 Beta-blocker 846 (51.1%) 885 (53.9%) 0.114 

 ACEi/ARB 850 (51.3%) 908 (55.3%) 0.025 

 Calcium channel blocker 471 (28.4%) 478 (29.1%) 0.700 

 Statin 1,549 (93.5%) 1,543 (93.9%) 0.661 



Medication prescription at 2-years post-PCI 

 Aspirin 1,098/1,628 (67.4%) 1,116/1,613 (69.2%) 0.304 

 P2Y12 inhibitor    

- Clopidogrel 909/1,628 (55.8%) 59.1/1,613 (59.1%) 0.067 

- Ticagrelor 21/1,628 (1.3%) 26/ 1,613 (1.6%) 0.536 

 Beta-blocker 804 (89.4%) 824 (51.1%) 0.360 

 ACEi/ARB 843 (51.8%) 891 (55.2%) 0.051 

 Calcium channel blocker 493 (30.3%) 515 (31.9%) 0.336 

 Statin 1,499 (92.1%) 1,499 (92.9%) 0.424 

Medication prescription at 3-years post-PCI 

 Aspirin 985/1,604 (61.5%) 969/1,583 (61.2%) 0.886 

 P2Y12 inhibitor    

- Clopidogrel 911/1,601 (56.9%) 965/1,583 (61.0%) 0.022 

- Ticagrelor 15/1,601 (0.9%) 22/ 1,583 (1.4%) 0.305 

 Beta-blocker 791 (49.5%) 804 (50.8%) 0.478 

 ACEi/ARB 823 (51.5%) 858 (54.2%) 0.132 

 Calcium channel blocker 496 (31.0%) 524 (33.1%) 0.223 

 Statin 1,467 (91.7%) 1,456 (92.0%) 0.861 

Abbreviations: ACE-I/ARB, angiotensin converting enzyme inhibitor or angiotensin receptor blocker; BP, biodegradable polymer; DES, drug-
eluting stent; DP, durable polymer. 

  



Supplementary Table 2. Clinical outcomes at 3 years in the per-protocol population. 

 
DP-DES 

(N=1,628) 

BP-DES 

(N=1,626) 
Hazard ratio (95% CI) p-value 

Patient oriented composite outcome (Primary endpoint)     

- All-cause death, non-fatal myocardial infarction, repeat 

revascularization 
240 (14.7%) 247 (15.2%) 0.96 (0.81-1.15) 0.690 

Key Secondary endpoint     

Device-oriented composite outcome 

- Cardiac death, target vessel myocardial infarction, 

target lesion revascularization 

96 (6.0%) 127 (7.9%) 0.75 (0.57-0.97) 0.030 

Other Secondary endpoints     

- All-cause death 85 (5.2%) 93 (5.7%) 0.91 (0.68-1.22) 0.531 

- Cardiac death 49 (3.0%) 57 (3.5%) 0.86 (0.58-1.25) 0.426 

- Any MI 25 (1.6%) 24 (1.5%) 1.04 (0.59-1.82) 0.897 

- Target vessel myocardial infarction 12 (0.8%) 13 (0.8%) 0.92 (0.42-2.01) 0.832 

- Stent thrombosis     

- Definite/probable 9 (0.6%) 8 (0.5%) 1.12 (0.43-2.90) 0.816 

- Definite/probable/possible 9 (0.6%) 9 (0.6%) 1.00 (0.40-2.51) 0.992 

- Acute (<24h) 1 (0.1%) 2 (0.1%)   

- Subacute (1 day~1 month) 1 (0.1%) 2 (0.1%)   

- Late (1 month ~ 1 year) 7 (0.4%) 5 (0.3%)   



- Any Repeat revascularization 159 (10.0%) 162 (10.3%) 0.97 (0.78-1.21) 0.804 

- Target vessel revascularization 69 (4.4%) 102 (6.5%) 0.67 (0.49-0.90) 0.009 

- Target lesion revascularization 44 (2.8%) 71 (4.5%) 0.61 (0.42-0.89) 0.010 

- Non-target lesion target vessel revascularization 25 (1.6%) 31 (2.0%) 0.80 (0.47-1.36) 0.413 

- Non-Target vessel revascularization 100(6.3%) 79 (5.0%) 1.27 (0.94-1.70) 0.116 

Abbreviations: BP, biodegradable; CI, confidence interval ; DES, drug-eluting stent; DP, durable polymer. 

 

  



Supplementary Table 3. Subgroup analyses for the POCO in the intention-to-treat population. 

 Event number / 
Patient number HR, 95% CI p value Interaction p value 

Age     
- ≥65 years 281/1,540 1.03, 95% CI 0.81-1.30 0.824 0.403 - <65 years 230/1,873 0.88, 95% CI 0.68-1.15 0.351 

Gender     
- Male 407/2,688 0.96, 95% CI 0.79-1.17 0.711 

0.855 - Female 104/725 0.93, 95% CI 0.63-1.36 0.691 
Hypertension     
- With Hypertension 356/2,239 1.01, 95% CI 0.83-1.24 0.916 0.392 - Without Hypertension 155/1,173 0.86, 95% CI 0.63-1.18 0.354 

Diabetes Mellitus     
- With Diabetes Mellitus 277/1,536 0.92, 95% CI 0.72-1.16 0.468 0.702 - Without Diabetes Mellitus 234/1,877 0.99, 95% CI 0.76-1.28 0.928 

Clinical Diagnosis     
- STEMI 83/447 1.08, 95% CI 0.70-1.66 0.738 0.477 - NSTE-ACS 428/2,965 0.93, 95% CI 0.77-1.13 0.469 

Chronic kidney disease     
- With Chronic kidney disease 59/144 1.26, 95% CI 0.75-2.12 0.387 0.244 
- Without Chronic kidney disease 452/3,269 0.91, 95% CI 0.76-1.01 0.324 

Left main disease     
- Yes 42/158 0.78, 95% CI 0.42-1.43 0.416 

0.442 
- No 459/3,179 1.00, 95% CI 0.83-1.20 0.958 

Angiographic vessel disease     
- Single vessel disease 157/1,547 1.00, 95% CI 0.80-1.22 0.935 0.583 - Multivessel disease 353/1,845 0.90, 95% CI 0.66-1.23 0.499 



Total stent length     
- ≥ 40 mm 239/1,232 0.89, 95% CI 0.69-1.15 0.362 0.284 - < 40 mm 264/2,129 1.07, 95% CI 0.84-1.36 0.595 

Total stent number     
- ≥ 2 stents 254/1,357 0.88, 95% CI 0.69-1.12 0.303 

0.242 
- < 2 stents 249/2,004 1.07, 95% CI 0.84-1.38 0.574 

Lesion intervention     
- Single lesion intervention 328/2,387 1.02, 95% CI 0.82-1.26 0.885 

0.459 
- Multi lesion intervention 182/995 0.89, 95% CI 0.66-1.19 0.416 

Complexity     
- Non-complex PCI 262/2,161 1.03, 95% CI 0.81-1.31 0.808 

0.693 
- Complex PCI 236/1,143 0.96, 95% CI 0.74-1.24 0.750 

Stent metal alloy     
- Platinum 203/1,323 0.77, 95% CI 0.49-1.20 0.242 

0.645 
- Cobalt 220/1,419 0.87, 95% CI 0.65-1.16 0.345 

Polymer distribution     
- Abluminal  302/1,943 0.99, 95% CI 0.78-1.25 0.905 

0.825 
- Conformal 201/1,414 1.03, 95% CI 0.76-1.39 0.846 

All HRs are presented as risks of POCO in patients with durable polymer drug-eluting stents compared to those with biodegradable polymer 
drug-eluting stents 

 

Abbreviations: CI, confidence interval; HR, hazard ratio; NSTE-ACS, non-ST segment elevation acute coronary syndrome; STEMI, ST segment 
elevation myocardial infarction. 

 

  



Supplementary Table 4. Subgroup analyses for the DOCO in the intention-to-treat population. 

 Event number / 
Patient number HR, 95% CI p value Interaction p value 

Age     
- ≥65 years 142/1,540 0.82, 95% CI 0.59-1.14 0.238 0.361 - <65 years 93/1,873 0.64, 95% CI 0.42-0.97 0.035 

Gender     
- Male 184/2,688 0.75, 95% CI 0.56-1.01 0.056 

0.802 - Female 51/725 0.69, 95% CI 0.38-1.21 0.198 
Hypertension     
- With Hypertension 165/2,239 0.81, 95% CI 0.59-1.10 0.177 0.344 - Without Hypertension 70/1,173 0.61, 95% CI 0.38-0.99 0.045 

Diabetes Mellitus     
- With Diabetes Mellitus 147/1,536 0.74, 95% CI 0.54-1.03 0.074 0.847 - Without Diabetes Mellitus 88/1,877 0.80, 95% CI 0.46-1.08 0.106 

Clinical Diagnosis     
- STEMI 37/447 0.77, 95% CI 0.40-1.47 0.431 0.899 - NSTE-ACS 198/2,965 0.73, 95% CI 0.55-0.97 0.031 

Chronic kidney disease     
- With Chronic kidney disease 36/144 0.95, 95% CI 0.50-1.84 0.889 0.378 
- Without Chronic kidney disease 199/3,269 0.69, 95% CI 0.52-0.92 0.010 

Left main disease     
- Yes 23/158 0.85, 95% CI 0.38-1.93 0.702 

0.758 
- No 207/3,179 0.74, 95% CI 0.56-0.98 0.034 

Angiographic vessel disease     
- Single vessel disease 78/1,547 0.74, 95% CI 0.54-1.02 0.067 0.961 - Multivessel disease 156/1,845 0.75, 95% CI 0.48-1.18 0.215 



Total stent length     
- ≥ 40 mm 118/1,232 0.78, 95% CI 0.54-1.12 0.176 0.888 - < 40 mm 113/2,129 0.75, 95% CI 0.52-1.08 0.125 

Total stent number     
- ≥ 2 stents 124/1,357 0.76, 95% CI 0.53-1.08 0.122 0.998 - < 2 stents 107/2,004 0.75, 95% CI 0.52-1.11 0.148 

Lesion intervention     
- Single lesion intervention 142/2,387 0.76, 95% CI 0.55-1.06 0.108 

0.865 
- Multi lesion intervention 92/995 0.73, 95% CI 0.48-1.10 0.133 

Complexity     
- Non-complex PCI 109/2,161 0.80, 95% CI 0.55-1.16 0.242 

0.857 
- Complex PCI 118/1,143 0.76, 95% CI 0.53-1.10 0.141 

Stent metal alloy     
- Platinum 79/1,323 0.84, 95% CI 0.41-1.75 0.650 

0.738 
- Cobalt 106/1,419 0.73, 95% CI 0.48-1.12 0.152 

Polymer distribution     
- Abluminal  148/1,943 0.71, 95% CI 0.50-1.01 0.059 

0.288 
- Conformal  83/1,414 0.98, 95% CI 0.61-1.55 0.919 

All HRs are presented as risks of DOCO in patients with durable polymer drug-eluting stents compared to those with biodegradable polymer 
drug-eluting stents. 

 

Abbreviations: CI, confidence interval; HR, hazard ratio; NSTE-ACS, non-ST segment elevation acute coronary syndrome; STEMI, ST segment 
elevation myocardial infarction. 

 

  



 

 



 



 



 

Supplementary Figure 1. Cumulative event curves of the secondary outcomes at 3-year follow-up. 

  



 

 

Supplementary Figure 2. Cumulative event curves of the per-protocol population at 3-year follow-up.  

  



 

Supplementary Figure 3. Cumulative event curves according to the antiplatelet randomisation arm. 
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Supplementary Figure 4. Cumulative event curves excluding thick strut (>100 nm) stents.  

  



 

 

Supplementary Figure 5. Landmark analysis at 1-year post-PCI. 

 




