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Background: Despite the theoretical benefits of biodegradable polymer drug-eluting
stents (BP-DES), clinical benefits of BP-DES over durable polymer DES (DP-DES) have
not been clearly demonstrated. Using data from a large-volume nationwide cohort, we
compared long-term clinical outcomes between BP-DES- and DP-DES-treated patients.

Methods: A retrospective cohort study that enrolled all patients who underwent
percutaneous coronary intervention (PCI) with new-generation DES between 2010 and
2016 in Korea was conducted by using the National Health Insurance Service database.
The outcomes of interest were all-cause death, cardiovascular death, and myocardial
infarction (Ml).

Results: A total of 127,731 patients treated with new-generation DES with thin struts
(<90 wm) were enrolled for this analysis. After stabilized inverse probability of treatment
weighting, the incidence of all-cause death was significantly lower in patients treated
with BP-DES (n = 19,521) at 5 years after PCI (11.3 vs. 13.0% in those treated with
DP-DES [n = 108,067], hazard ratio [HR] 0.92, 95% confidence interval [Cl], 0.88-0.96,
p < 0.001), while showing no statistically significant difference at 2 years after PCI (5.7 vs.
6.0%, respectively, HR 0.95, 95% ClI, 0.89-1.01, p = 0.238). Similarly, use of BP-DES
was associated with a lower incidence of cardiovascular death (7.4 vs. 9.6% in those
treated with DP-DES, HR 0.82, 95% ClI, 0.77-0.87, p < 0.001), and MI (7.4 vs. 8.7%,
respectively, HR 0.90, 95% ClI, 0.86-0.94, p = 0.006) at 5 years after PCI. There was no
statistically significant difference of cardiovascular death (4.6 vs. 4.9%, respectively, HR
0.93, 95% Cl, 0.85-1.01, p = 0.120) and MI (5.0 vs. 5.1%, respectively, HR 0.98, 95%
Cl, 0.92-1.05, p = 0.461) at 2 years after PCI.

Conclusions: Implantation of BP-DES was associated with a lower risk of all-cause
death, cardiovascular death, and Ml compared with DP-DES implantation. This difference
was clearly apparent at 5 years after DES implantation.

Clinical Trial Registration: ClinicalTrial.gov, NCT04715594.

Keywords: coronary artery disease, drug-eluting stent, percutaneous coronary intervention, treatment outcome,
stents
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Covariates Biodegradable Durable Hazard ratio . P for.
Patient N 5-year mortality Patient N  5-year mortality (95% CI) interaction
Age
< 65 years 9558 372(3.9) 51976 2314 (4.5) 0.91(0.81-1.01) — 0.67
2 65 years 9963 1839 (18.5) 56091 11778 (21.0) 0.93 (0.84-1.02) — ’
Sex
Female 5590 794 (14.2) 31211 4790 (15.3) 0.96 (0.89-1.03) - 019
Male 13931 1417 (10.2) 76856 9302 (12.1) 0.89 (0.85-0.94) — ’
Hypertension
No 6770 634 (9.4) 37802 4027 (10.7) 0.93 (0.85-1.00) —H 0.72
Yes 12751 1577 (12.4) 70265 10065 (14.3) 0.91 (0.86-0.96) - '
Diabetes mellitus
No 12666 1082 (8.5) 70535 7011 (9.9) 0.91(0.85-0.97) - 0.87
Yes 6855 1129 (16.5) 37532 7081 (18.9) 0.93 (0.87-0.99) HiH
Presentation as Acute M|
No 16007 1759 (11.0) 88724 11218 (12.6) 0.92 (0.88-0.96) - 0.94
Yes 3514 452 (12.9) 19343 2874 (14.9) 0.92 (0.83-1.01) —l
Chronic kidney disease with
severe renal impairment
No 18303 1783 (9.7) 101143 11530 (11.4) 0.90 (0.86-0.94) HiH 0.09
Yes 1218 428 (35.1) 6924 2562 (37.0) 0.98 (0.89-1.08) ——
Prior CVA
No 17681 1846 (10.4) 97586 11653 (11.9) 0.92 (0.88-0.97) il 0.76
Yes 1840 365 (19.8) 10481 2439 (23.3) 0.91 (0.81-1.00) —
0.5 1 2

Favors BP-DES

Favors DP-DES

FIGURE 3 | Subgroup analyses for all-cause death. Numbers and percentages show the number of patients at risk, those who died with any cause of death, and the
all-cause mortality rate at 5 years after drug-eluting stent implantation. Cl, confidence interval; CVA, cerebrovascular accidents; BP-DES, biodegradable polymer
drug-eluting stent; DP-DES, durable polymer drug-eluting stent; MI, myocardial infarction.

FIGURE 4 | Subgroup analyses for cardiovascular death. Numbers and percentages show the number of patients at risk, those who died with cardiovascular disease,
and the cardiovascular mortality rate at 5 years after drug-eluting stent implantation. Cl, confidence interval; CVA, cerebrovascular accidents; BP-DES, biodegradable
polymer drug-eluting stent; DP-DES, durable polymer drug-eluting stent; MI, myocardial infarction.
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randomized trial showed no statistically significant difference of
primary endpoint at 12 months between biodegradable polymer
everolimus-eluting (n = 1,172 patients) and sirolimus-eluting
stents (n = 1,173 patients) vs. durable polymer zotarolimus-
eluting stents (n = 1,169) (9). A meta-analysis that included
19,886 patients derived from 16 randomized clinical trials found
no statistically distinct benefit of BP-DES over DP-DES during
a mean follow-up duration of 26 months (6). It might be
inappropriate to prove the clinical benefits of BP-DES over DP-
DES within 12 months after index PCI. Because DAPT for
about 12 months was usually recommended in most studies,
the complications or clinical presentations caused by persistent
polymer in DP-DES might be masked by DAPT.
Neoatherosclerosis is one of the main mechanisms of very
late stent thrombosis after DES implantation (19). Persistence
of polymer of DP-DES in the coronary vascular bed may
also provoke chronic inflammation characterized by infiltration
of inflammatory cells such as macrophage or lymphocytes,
playing a central role in the progression of neoatherosclerosis
(4). And, the development of neoatherosclerosis is a time-
dependent phenomenon; the frequency of neoatherosclerosis
increases with the stent age. Our prior intracoronary optical
coherence tomography study showed that neoatherosclerosis was
observed in 45.7% of patients between 3 and 5 years, 61.5%
between 5 and 7 years and 73.9% more than 7 years after
DES implantation (20). Therefore, neoatherosclerosis observed
at the very late period was significantly associated with very late
stent thrombosis. Furthermore, since the polymer degradation
are generally known to take about 6-24 months (21, 22), it
could be difficult to detect a statistical difference in clinical
outcomes according to the polymer properties in early period.
These prior findings may provide a plausible explanation for the
beneficial effects of BP-DES that appear after a certain period of
time post-new generation DES implantation. Indeed, in a prior
large nationwide cohort that compared the effect of BP- and
DP-DES in real-world practice (total 57,487 patients; BP-DES-
treated patients, 10,032 and DP-DES-treated patients, 47,455),
there was no significant difference in the occurrence of all-
cause mortality or myocardial infarction for 2 years after index
PCI (10). Similarly, our analysis also revealed no statistically
significant difference in the occurrence of the outcomes of
interest at 2 years after new-generation DES implantation;
however, significant differences were gradually observed at 3
years post-DES implantation, favoring BP-DES. Based on our
prior optical coherence tomography analysis and this newly
acquired nationwide claims data analysis, we may postulate
that the adverse effects of permanent remnant polymer in the
coronary artery start to appear at about 3 years post-PCI and
become distinct at about 5 years post-PCIL. In addition, the
increase in risk of cardiovascular events due to permanent
remnant polymer is statistically clear, but the degree is somewhat
modest, so it may be necessary to analyze a very large number
of patients in order to identify statistically clear differences.
The BIOSCIENCE randomized trial reported that 5-year risk
of target lesion failure was similar between biodegradable
polymer sirolimus-eluting stent (n = 1,063 patients) vs. durable
polymer everolimus-eluting stent (n = 1,056 patients) (23). The

ISAR-TEST 4 randomized trial recently reported that the 10-year
incidence of major adverse cardiac events was not statistically
different between biodegradable polymer sirolimus-eluting stents
(n = 1,299 patients) vs. durable polymer everolimus-eluting
stents (n = 652 patients) (24). These studies did not show
a clinical benefit of BP-DES over DP-DES at 5- or 10-year
follow-up (23, 24). The main reason for failure to demonstrate
the theoretical benefits of BP-DES over DP-DES in these
clinical studies might be inappropriately small number of study
populations. With the number of all-cause deaths during 5-year
follow-up and a total sample size of 127,731, our study had about
82.1% power to detect an HR of 0.80 in the comparison of the
BP-DES group with the DP-DES group at a two-tailed alpha
level of 5.0%. Further, because in contrast to usual design of
randomized controlled trials, we did not exclude the very high-
risk patients, the incorporation of very high-risk patients could
have attributed to demonstrating a clinical benefit of BP-DES that
become distinct over time.

LIMITATIONS

This study has several limitations. First, the findings from
this observational study cannot be applied to establish causal
relationships and persistent residual confounding factors should
be considered in the interpretation of our results, although
we tried to minimize the bias through IPTW. Furthermore,
as the NHIS database does not contain laboratory parameters
or clinical information except for the diagnostic codes,
unmeasured variables could have affected the results of our
analyses. Second, because this database does not include
angiographic or procedural information, including the extent
and complexity of coronary artery disease, the impact of high-
risk procedural characteristics was not fully considered in the
interpretation of our analyses. Furthermore, since the result
of electrocardiography was not available in this database, the
impact of clinical presentation such as ST-elevation MI or
non-ST elevation MI was not considered in statistical analyses.
Third, to protect patients’ personal information and avoid
unnecessary conflict with the device manufacturer, the NHIS
database provides information of DESs after sufficient encryption
work, which includes DES generation, polymer degradability,
and strut thickness. Finally, the temporal difference between
the groups still remained even after IPTW-adjustment. Thus,
care should be taken in interpretation of our result, although
we adjusted the temporal difference in all regression analyses.
Therefore, further analyses such as impact of the eluted drug or
stent material was not performed, which should be carried out
through following research.

CONCLUSIONS

In this nationwide cohort of all patients treated with new-
generation DES in Korea, BP-DES implantation was associated
with a lower risk of all-cause death, cardiovascular death or MI.
This difference appeared around 3 years after DES implantation
and became more distinct with time.
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