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Abstract

Background Indobufen is widely used in patients with aspirin intolerance in East Asia. The OPTION trial launched
by our cardiac center examined the performance of indobufen based dual antiplatelet therapy (DAPT) after per-
cutaneous coronary intervention (PCl). However, the vast majority of patients with acute coronary syndrome (ACS)
and aspirin intolerance were excluded. We aimed to explore this question in a real-world population.

Methods Patients enrolled in the ASPIRATION registry were grouped according to the DAPT strategy that they
received after PCl. The primary endpoints were major adverse cardiovascular and cerebrovascular events (MACCE)
and Bleeding Academic Research Consortium (BARC) type 2, 3, or 5 bleeding. Propensity score matching (PSM)
was adopted for confounder adjustment.

Results A total of 7135 patients were reviewed. After one-year follow-up, the indobufen group was associated

with the same risk of MACCE versus the aspirin group after PSM (6.5% vs. 6.5%, hazard ratio [HR]=0.99, 95% confi-
dence interval [Cl]=0.65 to 1.52, P=0.978). However, BARC type 2, 3, or 5 bleeding was significantly reduced (3.0% vs.
11.9%, HR=0.24, 95% CI=0.15 to 0.40, P <0.001). These results were generally consistent across different subgroups
including aspirin intolerance, except that indobufen appeared to increase the risk of MACCE in patients with ACS.

Conclusions Indobufen shared the same risk of MACCE but a lower risk of bleeding after PCl versus aspirin
from a real-world perspective. Due to the observational nature of the current analysis, future studies are still warranted
to further evaluate the efficacy of indobufen based DAPT, especially in patients with ACS.

Trial registration Chinese Clinical Trial Register (https://www.chictr.org.cn); Number: ChiCTR2300067274.
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Condensed abstract

Indobufen is widely used in patients with aspirin intol-
erance in East Asia. We aimed to explore the efficacy
and safety of indobufen-based dual antiplatelet ther-
apy (DAPT) after percutaneous coronary intervention
(PCI) in a real-world population using the data from
the ASPIRATION registry. A total of 7135 patients
were reviewed. After one-year follow-up, indobufen
shared the same risk of major adverse cardiovascular
and cerebrovascular events but a lower risk of bleeding
versus aspirin. These results were generally consistent
across different subgroups including aspirin intoler-
ance, except that indobufen appeared to increase the
risk of MACCE in patients with ACS.

Background

Antiplatelet therapy is the key to the management of
coronary heart disease. Of all the antiplatelet drugs,
aspirin is considered the cornerstone. The current
clinical guidelines recommend that dual antiplatelet
therapy (DAPT), which refers to aspirin plus P2Y,,
receptor antagonist, should be prescribed for patients
over a period of time after percutaneous coronary
intervention (PCI), which has been proven to reduce
the incidence of major adverse cardiovascular and
cerebrovascular events (MACCE) [1, 2]. However, it
is observed that some patients cannot tolerate aspirin
well [3], which seriously affects their quality of life and
increases the risk of bleeding. It also impairs patients’
medication compliance, thereby increasing the subse-
quent incidence of ischemic events after PCI [4].

Currently, there exist some strategies to manage
aspirin intolerance. In China, which owns one-fifth of
the world’s population, the cardiologists tend to use
indobufen, a novel cyclooxygenase inhibitor, to replace
aspirin in patients with aspirin intolerance, which
was already approved by the Chinese Food and Drug
Administration. However, there are still few large-scale
studies focused on the efficacy and safety of indobufen
based DAPT. The OPTION study is so far the largest
multicenter randomized controlled trial to compare
the performance of indobufen versus aspirin in patients
requiring DAPT, whose encouraging results have been
published recently [5]. Nevertheless, this trial excluded
the vast majority of patients with acute coronary syn-
drome (ACS) and aspirin intolerance. So the efficacy
and safety of indobufen based DAPT in these patients
remain unknown.

In the current study, we aimed to analyze the real-
world performance of indobufen based DAPT after PCI
through a large-scale registry launched by our cardiac
center.
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Methods

Data sources and study population

The current analysis was based on the data extracted
from the Anti-thrombotic Strategies for Patients with
asplrin intoleRAnce after percuTaneous coronary
InterventiON (ASPIRATION) registry, in which con-
secutive patients undergoing PCI were retrospectively
enrolled from January 2020 to January 2021. The aim of
this registry was to gather the real-world data on the
management of aspirin intolerance after PCI in our car-
diac center, which owns the largest volume of cardiac
catheterization in eastern China. This registry and the
current study were both approved by the local institu-
tional review board. They were also in accordance with
the Declaration of Helsinki and the STROBE statement
(see Additional file 1: STROBE Checklist).

All patients enrolled in the ASPIRATION registry
were assessed for eligibility, and those receiving oral
anticoagulation therapy or cilostazol based DAPT were
excluded. Patients were also excluded if they died dur-
ing hospitalization or refused to participate in the cur-
rent analysis. The remaining patients were divided into
the indobufen group (indobufen 100 mg twice a day
plus P2Y,, receptor antagonist) or aspirin group (aspi-
rin 100 mg once a day plus P2Y,, receptor antagonist)
according to the type of DAPT that they were pre-
scribed at discharge.

PCl procedure and perioperative antiplatelet therapy

The PCI procedures were performed according to the
latest clinical guidelines. All patients were prescribed
oral antiplatelet agents at a loading dose (generally
300 mg for aspirin, 100 to 200 mg for indobufen, 300
to 600 mg for clopidogrel, and 180 mg for ticagrelor)
before the procedure. The specific techniques and
strategies employed during PCI were all left to the
interventional cardiologists. After PCI, generally, the
cardiologists will adjust the type of DAPT according
to the complaints and laboratory test results from the
patients, since there are a significant number of patients
who cannot tolerate aspirin well in China. Aspirin
intolerance was defined as any conditions that prevent
patients from long-term use of low-dose aspirin, such
as having contraindications (e.g., peptic ulcer, gout)
or severe adverse drug reactions (e.g., gastrointestinal
symptoms, bleeding, allergic reactions) after taking it
[3]. If this is the case, indobufen or cilostazol may be
used as an alternative, depending on the patient’s pref-
erence and clinical situation. The duration of DAPT
after PCI varies according to the risk of ischemia and
bleeding, generally ranging from 6 to 12 months.
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Follow-up and study endpoints

After discharge, patients were followed up until occur-
rence of a study endpoint of interest, or up to one
year, whichever came first. The study endpoints were
recorded through an electronic medical record system,
or telephone interview when necessary. The follow-up
was completed by five trained research assistants in
our cardiac center. And an independent clinical events
committee blinded to the group assignment adjudi-
cated all clinical events.

The primary efficacy endpoint was MACCE, which
referred to a composite of cardiovascular death, nonfatal
myocardial infarction, clinically driven repeated revas-
cularization, definite or probable stent thrombosis, and
nonfatal ischemic stroke. The primary safety endpoint
was Bleeding Academic Research Consortium (BARC)
defined type 2, 3, or 5 bleeding [6]. The secondary end-
points included: 1) a composite of cardiovascular death,
nonfatal myocardial infarction, definite or probable stent
thrombosis, and nonfatal ischemic stroke; 2) all-cause
death; 3) the individual components of MACCE; 4) net
adverse clinical events (NACE) defined as a composite
of MACCE and BARC type 2, 3, or 5 bleeding; 5) BARC
defined bleeding; 6) Thrombolysis in Myocardial Infarc-
tion (TIMI) defined bleeding [7]; 7) Global Utilization
of Streptokinase and Tissue plasminogen activator for
Occluded coronary arteries (GUSTO) defined bleeding

[8].

Statistical analysis
Continuous variables are expressed as mean (standard
deviation) or median (interquartile range) according
to the distributions examined by the quantile—quantile
(Q-Q) plots. The Student’s ¢-test or the Mann—Whitney
test was used to make comparisons, respectively. Cat-
egorical variables are expressed as numbers (percent-
age) and were compared through the Chi-square test or
the Fisher’s exact test, as appropriate. The Kaplan—Meier
method was used to analyze the time-to-event data, and
the log-rank test was carried out to make comparisons.
The difference between groups was also evaluated by the
absolute standardized difference (ASD), which was more
recommended in propensity score matching (PSM) [9].
An ASD >10% was considered a meaningful difference.
The effect of different groups on endpoints was first
evaluated by the univariate Cox proportional risk regres-
sion model, which yielded the unadjusted hazard ratio
(HR) and 95% confidence interval (CI). Additionally,
PSM was used to adjust for the confounding factors [10]
(see details in Additional file 1: Supplemental Methods),
which produced the matched cohort. In the matched
cohort, the HR and 95% CI was also calculated by the
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univariate Cox proportional risk regression model with
a robust sandwich variance estimator to account for the
matched design. The covariate balance achieved by PSM
was assessed by calculating the ASD between groups and
drawing the Love plot.

Several sensitivity analyses were done. First, other sta-
tistical approaches aiming to adjust for the confounding
effect (i.e., traditional multivariate regression analysis,
propensity score adjustment analysis, inverse probabil-
ity of treatment weighting analysis) were performed (see
details in Additional file 1: Supplemental Methods).
Second, patients lost to follow-up were excluded. Third,
patients with unplanned drug discontinuation were
excluded. The unplanned drug discontinuation was
defined as the discontinuation of indobufen or aspirin
due to adverse drug reactions, cost reasons, poor compli-
ance, or anticoagulation requirement, rather than con-
verting to single antiplatelet therapy as approved by the
cardiologists. The heterogeneity of exposure effect on
primary endpoints was further examined in subgroup
analysis.

There was no missingness for all variables listed in
Table 1, except for body mass index. The missing data
were imputed to the overall median value since the per-
centage of missingness was fairly low (< 0.1%).

The statistical analysis was performed using IBM SPSS
Statistics software version 25.0 (IBM Corp., Armonk,
New York, USA) and R software version 4.0.0 (R Foun-
dation for Statistical Computing, Vienna, Austria). A
two-tailed p value<0.05 was considered statistically
significant.

Results

Population and matching

As shown in Fig. 1, a total of 7268 patients undergoing
PCI were assessed for eligibility, and 133 were excluded.
Among the remaining 7135 patients, the mean age was
63.5+10.5 years and 5561 (77.9%) were male. At dis-
charge, 689 (9.7%) patients were prescribed indobufen
based DAPT due to aspirin intolerance, and the use of
indobufen increased gradually in our center (Additional
file 1: Figure S1). Gastrointestinal intolerance, including
gastrointestinal bleeding, digestive discomfort, or pre-
existing digestive diseases (such as ulcers), was the major
manifestations of aspirin intolerance (Additional file 1:
Figure S2).

The baseline characteristics are shown in Table 1.
Before matching, there were significant differences
between the two groups. Patients in the indobufen group
tended to have risk factors for bleeding like advanced
age, female gender, chronic kidney disease, and gastroin-
testinal disease. Lower levels of hemoglobin and higher
rates of positive fecal occult blood test were also more
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Table 1 Comparison of baseline characteristics before and after propensity score matching
Before matching After matching
Indobufen group  Aspirin group P ASD Indobufen group  Aspirin group P ASD
(n=689) (n=6446) (n=662) (n=662)
Age, yrs 66.3 (9.5) 63.2 (10.6) <0.001 0306 66.0(94) 66.0 (10.5) 0.991 0.001
Gender <0.001 0.157 0.626 0.030
Male 495 (71.8) 5066 (78.6) 478 (72.2) 469 (70.8)
Female 194 (28.2) 1380 (21.4) 184 (27.8) 193 (29.2)
BMI, I<g/m2 24.8(3.3) 25.0(3.4) 0.105 0.066 24.8(3.3) 24.8(3.5) 0.806 0.014
Hypertension 456 (66.2) 4162 (64.6) 0423 0.034 437 (66.0) 424 (64.0) 0489 0.041
Diabetes 231 (33.5) 2109 (32.7) 0.699 0017 221(334) 222 (335) 1.000 0.003
Hyperlipidemia 166 (24.1) 1538 (23.9) 0.929 0.005 160 (24.2) 152 (23.0) 0.650 0.028
Current smoker 119 (17.3) 1261 (19.6) 0.163 0.059 117(17.7) 109 (16.5) 0.609 0.032
Previous Ml 91 (13.2) 1067 (16.6) 0.027 0.094 89(134) 91 (13.7) 0.936 0.009
Previous stroke 54(7.8) 401 (6.2) 0.117 0063 51(7.7) 44 (6.6) 0.523 0.041
Previous PCl 172 (25.0) 1956 (30.3) 0.004 0.121 168 (254) 160 (24.2) 0.656 0.028
Previous CABG 8(1.2) 85(1.3) 0.865 0.014 8(1.2) 8(1.2) 1.000 <0.001
CKD 100 (14.5) 631(9.8) <0.001 0.145 95(144) 92 (13.9) 0.875 0.013
Gastrointestinal diseases 251 (36.4) 285 (4.4) <0.001 0.865 224(33.8) 214 (32.3) 0.599 0.032
ARC-HBR 186 (27.0) 1094 (17.0) <0.001 0244 175(264) 198 (29.9) 0.179 0.077
SBP, mmHg 133.3(18.0) 132.9(19.0) 0.665 0.018 133.2(17.9) 133.5(19.6) 0.782 0.015
DBP, mmHg 77.7 (11.4) 783 (10.9) 0.181 0.053 77.6(114) 78.1(11.3) 0.506 0.037
Heart rate, bpm 752 (11.4) 750(11.3) 0.574 0022 752(11.5) 756(11.3) 0478 0.039
Diagnosis at admission 0.104 0.098 0.787 0.057
Stable angina 398 (57.8) 3854 (59.8) 385(58.2) 395 (59.7)
Unstable angina 191 (27.7) 1528 (23.7) 179 (27.0) 165 (24.9)
NSTEMI 65 (94) 703 (10.9) 65 (9.8) 64 (9.7)
STEMI 35(5.1) 361 (5.6) 33(5.0) 38(5.7)
ACS 291 (42.2) 2592 (40.2) 277 (41.8) 267 (40.3)
Primary PCl 28 (4.1) 260 (4.0) 1.000 0.002 26(39) 28 (4.2) 0.889 0.015
Radial artery access 676 (98.1) 6320 (98.0) 1.000 0.005 13(2.0) 11(1.7) 0.837 0.023
Multivessel disease 467 (67.8) 4610 (71.5) 0.044 0.081 453 (68.4) 452 (68.3) 1.000 0.003
Target vessel 0.787 0.059 0.957 0.057
Left main 4(0.6) 40 (0.6) 4(0.6) 4(0.6)
Left anterior descending 274 (39.7) 2425 (37.6) 263 (39.7) 261 (39.4)
Left circumflex 82(11.9) 781(12.1) 80(12.1) 83(12.5)
Right coronary artery 152 (22.1) 1524 (23.7) 142 (21.5) 154 (23.3)
Grafts 2(03) 9(0.1) 2(03) 2(03)
Multiple 175 (254) 1667 (25.9) 171 (25.8) 158 (23.9)
Lesion characteristics
Burfication 110 (16.0) 993 (154) 0.740 0.015 105(15.9) 102 (15.4) 0.880 0.012
Calcified 84(12.2) 643 (10.0) 0.078 0.071 79(11.9) 85(12.8) 0.677 0.028
In-stent restenosis 45 (6.5) 486 (7.5) 0.378 0.039 43(6.5) 27 (4.0) 0.065 0.108
Chronic total occlusion 77 (11.2) 891 (13.8) 0.061 0.080 75(11.3) 75(11.3) 1.000 <0.001
PCl strategy 0.826 0.025 0818 0.035
PTCA 9(1.3) 100 (1.6) 9(14) 10 (1.5)
Stent implantation 620 (90.0) 5812(90.2) 595 (89.9) 600 (90.6)
Drug-coated balloon 60 (8.7) 534 (8.3) 58(8.8) 52(7.9)
Intravenous GPI 82(11.9) 1005 (15.6) 0.012 0.107 79(11.9) 81(12.2) 0933 0.009
LVEF, % 61.3(7.6) 60.6 (7.7) 0.024 0091 61.2(7.7) 614 (7.0) 0579 0.031
Hemoglobin, g/L 130.0 (16.9) 134.0(154) <0.001 0246 130.1(17.0) 1296 (16.3) 0.584 0.030
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Table 1 (continued)

Before matching After matching

Indobufen group  Aspirin group P ASD Indobufen group  Aspirin group P ASD

(n=689) (n=6446) (n=662) (n=662)
Platelet, x 10%/L 189.0(158.0,232.0) 191.0(157.0,235.0) 0617 0.021 189.0(158.0,233.0) 189.0(159.0,239.0) 0.607 0.035
Serum creatinine, pmol/L ~ 82.0(71.0,94.0) 81.0(70.0,92.0) 0.044 0.060 82.0(71.0,94.0) 81.0(69.0,93.0) 0.188 0.009
Positive FOBT 152 (22.1) 718 (11.1) <0.001 0297 142(21.5) 140 (21.1) 0.946 0.007
P2Y,, receptor antagonist <0.001 0272 1.000  <0.001

Clopidogrel 536 (77.8) 4231 (65.6) 510 (77.0) 510 (77.0)
Ticagrelor 153 (22.2) 2215 (34.4) 152 (23.0) 152 (23.0)

Statin 676 (98.1) 6354 (98.6) 0432 0.036 652 (98.5) 649 (98.0) 0674 0.035
Ezetimibe 102 (14.8) 910 (14.1) 0.665 0.020 98(14.8) 103 (15.6) 0.759 0.021
Fenofibrate 9(1.3) 83(1.3) 1.000 0.002 9(1.4) 6(0.9) 0.604 0.043
PCSKO9i 6(0.9) 98 (1.5) 0.236 0060 6(0.9) 2(0.3) 0.287 0.078
RASI 365 (53.0) 3555(55.2) 0.294 0.044 352(53.2) 336 (50.8) 0.409 0.048
ARNI 35(5.1) 440 (6.8) 0095 0074 35(53) 29 (4.4) 0.522 0.042
Beta-blocker 458 (66.5) 4552 (70.6) 0.027 0.089 440 (66.5) 442 (66.8) 0.954 0.006
Ivabradine 9(1.3) 74(1.1) 0.856 0.014 9(1.4) 7(1.1) 0.801 0.028
CCB 226 (32.8) 1907 (29.6) 0.087 0069 214(32.3) 222 (33.5) 0.682 0.026
Nitrate 222 (32.2) 2131(33.1) 0.687 0.018 205 (31.0) 210(31.7) 0.813 0.016
Diuretic 53(7.7) 490 (7.6) 0.992 0.003 50(7.6) 53(8.0) 0.837 0.017
PPI 482 (70.0) 2606 (40.4) <0.001 0622 458(69.2) 460 (69.5) 0.952 0.007

Values are shown as numbers (%), mean (standard deviation), or median (interquartile range)

Abbreviations: ACS acute coronary syndrome, ARC-HBR Academic Research Consortium-high bleeding risk, ARNI angiotensin receptor-neprilysin inhibitor, ASD
absolute standardized difference, BMI body mass index, CABG coronary artery bypass grafting, CCB calcium channel blocker, CKD chronic kidney disease, DBP diastolic
blood pressure, FOBT fecal occult blood test, GPI glycoprotein lib/llla receptor inhibitor, LVEF left ventricular ejection fraction, Ml myocardial infarction, NSTEMI non-
ST-segment elevation myocardial infarction, PCl percutaneous coronary intervention, PCSK9i proprotein convertase subtilisin/kexin type 9 inhibitor, PPl proton pump
inhibitor, PTCA percutaneous transluminal coronary angioplasty, RAS/ renin-angiotensin system inhibitor, SBP systolic blood pressure, STEMI ST-segment elevation

myocardial infarction

7268 underwent PCI
(Jan-2020 to Jan-2021)

133 excluded
122 received oral anticoagulation
4 received cilostazol based DAPT
4 died in hospital
3 declined to participate

7135 eligible for analysis

!

Raw cohort
689 received 6446 received
indobufen aspirin based
based DAPT DAPT

{

Propensity score matched cohort

!

|

662 received
indobufen
based DAPT

662 received
aspirin based
DAPT

Fig. 1 Study flow chart. Abbreviations: DAPT =dual antiplatelet therapy; PCl = percutaneous coronary intervention
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common in the indobufen group. In terms of medica-
tions at discharge, patients in the indobufen group were
more likely to be prescribed clopidogrel and proton
pump inhibitor (PPI). The two groups were comparable
on angiographic and procedural characteristics.

After 1:1 PSM, there were 662 patients in both groups,
and all baseline characteristics were well-balanced
(Table 1, Additional file 1: Figure S3). The distributions of
propensity scores before and after matching are shown in
Additional file 1: Figure S4.

Primary endpoints

During one-year follow-up, the two groups had similar
risk of MACCE both in the raw (6.5% vs. 6.3%, unadjusted
HR: 1.04, 95% CI: 0.76 to 1.42, P=0.812) and propensity
score matched (6.5% vs. 6.5%, adjusted HR: 0.99, 95% CI:
0.65 to 1.52, P=0.978) cohort (Table 2). The cumulative
incidence curves of MACCE are presented in Fig. 2. The
above results were consistent across the prespecified sub-
groups except for diagnosis at admission (Fig. 3). The use
of indobufen appeared to increase the risk of MACCE in
patients with ACS.

As for safety endpoint, patients in the indobufen group
were less likely to suffer from BARC type 2, 3, or 5 bleed-
ing, both in the raw (3.0% vs. 6.5%, unadjusted HR: 0.46,
95% CI: 0.30 to 0.72, P=0.001) and propensity score
matched (3.0% vs. 11.9%, adjusted HR: 0.24, 95% CI: 0.15
to 0.40, P<0.001) cohort (Table 2). The cumulative inci-
dence curves of BARC type 2, 3, or 5 bleeding are pre-
sented in Fig. 2. The above results were consistent across
the prespecified subgroups (Fig. 4).

In addition, when other statistical approaches aiming
to adjust for the confounding effect were performed, the
above results were not affected (Additional file 1: Figure
S5).

Secondary endpoints

As shown in Table 2, the two groups had similar risk of
other efficacy endpoints, while indobufen based DAPT
tended to prevent the patients from NACE and bleeding
either defined by BARC, TIMI, or GUSTO.

Additional analyses

During one-year follow-up, there were 285 patients lost
to follow-up, including 23 (3.3%) cases in the indobufen
group and 262 (4.1%) cases in the aspirin group. The
baseline characteristics were approximately comparable
between patients who were lost and those who were not
(Additional file 1: Table S1). Additionally, there were 214
patients who had unplanned drug discontinuation dur-
ing follow-up, including 40 (5.8%) cases in the indobufen
group and 174 (2.7%) cases in the aspirin group. The
relatively high price seemed to be the major reason for
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indobufen discontinuation, while the adverse drug reac-
tions still significantly affected the long-term use of aspi-
rin (Additional file 1: Figure S6).

The additional sensitivity analyses further illustrated
that the presence of loss to follow-up or unplanned drug
discontinuation had limited impact on our major conclu-
sions (Additional file 1: Figure S5).

Discussion

To our knowledge, this study was the first real-world
analysis based on a large-scale registry to evaluate the
efficacy and safety of indobufen based DAPT after PCI.
We observed that the indobufen group was associated
with the same risk of MACCE versus the aspirin group,
while the bleeding events were significantly reduced.

Prevalence and management strategies of aspirin
intolerance

Currently, there is no widely accepted definition of aspi-
rin intolerance [3]. However, it is frequently observed
that a considerable proportion of patients cannot tolerate
aspirin well. In a post-hoc analysis of the SYMPHONY
and 2nd SYMPHONY study, 11.9% of patients experi-
enced gastrointestinal discomfort after taking aspirin
[11]. Our previous study also found that the proportion
of patients with aspirin intolerance after PCI is as high as
over 10% in China [3]. In the current analysis, 689 (9.7%)
patients were prescribed indobufen after PCI due to aspi-
rin intolerance.

Aspirin intolerance can lead to decreased medication
adherence. It was estimated that 9% of post-ACS patients
stopped taking aspirin due to intolerance during follow-
up [11]. In the current study, despite strong intervention
for aspirin intolerance during hospitalization, there were
still 2.7% of patients in the aspirin group stopped taking
aspirin after discharge, mainly due to adverse drug reac-
tions. Poor medication compliance will increase the inci-
dence of ischemic events in patients requiring vigorous
antiplatelet therapy, especially those taking DAPT after
PCI [4].

In this regard, proton pump inhibitor (PPI) is recom-
mended to reduce the incidence of gastrointestinal
intolerance in patients requiring DAPT [12]. However,
worries are emerging since long-term PPI use might be
associated with the occurrence of pneumonia, bone frac-
tures, gastric mucosa atrophy [13], lower gastrointestinal
bleeding [14], or even gastrointestinal cancer [15, 16],
although it is still controversial. Anyway, it is determined
that the addition of PPI is not appropriate for all clinical
scenarios of aspirin intolerance, especially when bleed-
ing outside the gastrointestinal tract, allergic reactions,
or gout occurs. Aspirin desensitization is another known
way to deal with aspirin intolerance [17]. However, this
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Table 2 Primary and secondary endpoints

Raw cohort (n=7135) Propensity score matched cohort (n=1324)
Indobufen group  Aspirin group HR (95% Cl) P Indobufen group Aspirin group HR (95% Cl) P
(n=689) (n=6446) (n=662) (n=662)
Primary endpoints
MACCE 45 (6.5%) 406 (6.3%) 1.04(0.76,1.41) 0812 43 (6.5%) 43 (6.5%) 099 (0.65,1.52) 0978
BARC type 2, 3, 21 (3.0%) 418 (6.5%) 046 (0.30,0.72) 0.001 20 (3.0%) 79 (11.9%) 0.24(0.15,0.40) <0.001
or 5 bleeding
Secondary endpoints
Cardiovascular 19 (2.8%) 130 (2.0%) 1.37(0.85,2.22) 0.199 17 (2.6%) 16 (2.4%) 1.06 (0.54, 2.10) 0.862
death, nonfatal M,
stent thrombo-
sis, or nonfatal
ischemic stroke
All-cause death 11 (1.6%) 53(0.8%) 1.95(1.02,3.73) 0.044 10(1.5%) 5(0.8%) 2.01(069,587) 0204
Cardiovascular 5(0.7%) 26 (0.4%) 1.80(0.69,4.70) 0.227 4 (0.6%) 4(0.6%) 1.00 (0.25,4.01) 0.998
death
Nonfatal Ml 3(0.4%) 56 (0.9%) 0.50(0.16,1.60) 0.244  3(0.5%) 7 (1.1%) 043 (0.11,1.66) 0.220
Repeated 29 (4.2%) 316 (4.9%) 0.86(0.59,1.26) 0435 29 (4.4%) 33 (5.0%) 0.88(0.53,144) 0604
revascularization
Stent thrombosis 2 (0.3%) 20 (0.3%) 0.94 (0.22,400) 0928 2(0.3%) 2(0.3%) 1.00(0.14,7.10) 1.000
Nonfatal ischemic 4 (0.6%) 21(0.3%) 1.79(061,521) 0286 3 (0.5%) 4(0.6%) 0.75(0.17,336)  0.707
stroke
NACE 65 (9.4%) 781 (12.1%) 0.76(0.59,0.98) 0.035 62 (9.4%) 113(17.1%) 0.52(0.38,0.70) <0.001
BARC defined bleeding
Type 1 60 (8.7%) 612 (9.5%) 091(0.70,1.19) 0488 52 (7.9%) 106 (16.0%) 047(0.34,0.65) <0.001
Type 2 11 (1.6%) 266 (4.1%) 0.38(0.21,0.70) 0.002 10(1.5%) 47 (7.1%) 0.21(0.11,041) <0.001
Type 3 10 (1.5%) 145 (2.3%) 0.64(0.34,1.22) 0176 10 (1.5%) 28 (4.2%) 0.35(0.17,0.73) 0.005
Type 5 0 (0.0%) 7(0.1%) / 0.387* 0 (0.0%) 4(0.6%) / 0.045*
Minor (type Tor2) 71 (10.3%) 878 (13.6%) 0.74(0.58,0.95) 0016 62 (9.4%) 153 (23.1%) 0.37(0.28,0.50) <0.001
Major (type 3or5) 10 (1.5%) 152 (2.4%) 061(0.32,1.16) 0.133 10 (1.5%) 32 (4.8%) 0.31(0.15,063)  0.001
Bleeding site
Subcutaneous 30 (4.4%) 403 (6.3%) 0.72(052,099) 0046 27 (4.1%) 64 (9.7%) 043(030,062) <0.001
Gastrointestinal - 37 (5.4%) 500 (7.8%) 0.54(0.39,0.75) 0023 33 (5.0%) 82 (12.4%) 0.34(0.17,0.68) <0.001
Urogenital 3(0.4%) 31 (0.5%) 0.98(0.17,5.65) 0.868 2(0.3%) 8(1.2%) 0.79 (0.47,1.33) 0.107
Intracranial 0 (0.0%) 4(04%) / 0.513* 0(0.0%) 1(0.2%) / 0317*
Other 11 (1.6%) 92 (1.4%) 0.97(0.23,4.10) 0930 10(1.5%) 30 (4.5%) 0.32(0.14,0.73) 0.001
TIMI defined bleeding
Minimal 70 (10.2%) 893 (13.9%) 0.72(0.56,0.92) 0.008 61 (9.2%) 156 (23.6%) 0.36(0.27,048) <0.001
Minor 7 (1.0%) 107 (1.7%) 0.61(0.28,131) 0206 7(1.1%) 22 (3.3%) 0.32(0.14,0.74) 0.008
Major 4(0.6%) 30 (0.5%) 1.25(044,354) 0677 4(0.6%) 7(1.1%) 057(0.17,1.94) 0368
GUSTO defined bleeding
Minor 72 (10.4%) 883 (13.7%) 0.75(0.59,095) 0.018 63 (9.5%) 153 (23.1%) 0.38(0.28,0.51) <0.001
Moderate 3(0.4%) 98 (1.5%) 0.29(0.09,0.90) 0032 3(0.5%) 21 (3.2%) 0.14(0.04,047)  0.002
Severe or life- 6 (0.9%) 49 (0.8%) 1.15(0.49,2.67) 0753  6(0.9%) 11 (1.7%) 0.54(0.20,1.47) 0227

threatening

“These P values were calculated by log-rank test

Abbreviations: BARC Bleeding Academic Research Consortium, C/ confidence interval, GUSTO Global Utilization of Streptokinase and Tissue plasminogen activator
for Occluded coronary arteries, HR hazard ratio, MACCE major adverse cardiovascular and cerebrovascular events, Ml myocardial infarction, NACE net adverse clinical
events, TIMI Thrombolysis in Myocardial Infarction
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Fig. 2 Cumulative incidence of primary endpoints. The top two panels show the results of MACCE for both groups in the raw (A, log-rank P=0.812)
and propensity score matched cohort (B, log-rank P=0.978), while the bottom two panels show the results of BARC type 2, 3, or 5 bleeding

in the raw (C, log-rank P<0.001) and propensity score matched cohort (D, log-rank P<0.001). Abbreviations: BARC =Bleeding Academic Research
Consortium; Cl=confidence interval; HR =hazard ratio; MACCE = major adverse cardiovascular and cerebrovascular events

approach has certain risks and requires interdisciplinary
cooperation. It is also not practical for the mast majority
of patients with ACS who need to take aspirin immedi-
ately. Therefore, there is still an urgent need for an anti-
platelet drug that can replace aspirin, especially when
DAPT is required.

In the past, cilostazol was widely prescribed for patients
with aspirin intolerance in East Asian countries [3]. How-
ever, the use of cilostazol in Chinese patients with coro-
nary heart disease is decreasing due to the restriction
of health insurance indications. In addition, there have
been concerns that cilostazol may aggravate myocardial
ischemia via increasing the heart rate. It is also contrain-
dicated in patients with heart failure.

Indobufen and indobufen based DAPT

Indobufen, a phenylbutyrate derivative, is a relatively
new generation of antiplatelet drugs, which can revers-
ibly inhibit cyclooxygenase-1 and reduce the forma-
tion of thromboxane A2. It can also prevent the platelet
aggregation induced by arachidonic acid or adenosine
diphosphate, thus inhibiting the formation of thrombus

[18]. Studies on healthy volunteers [19] and patients [20]
showed that indobufen effectively inhibited thrombox-
ane A2 formation, but had little effect on prostacycline,
which was different from aspirin. These results theoreti-
cally indicated that indobufen had higher selectivity for
platelet inhibition and better gastrointestinal tolerance,
which was further confirmed by an endoscopic study
[21]. In addition, unlike aspirin which irreversibly inhib-
its cyclooxygenase, the inhibitory effect of indobufen
is transient and the platelet function can be recovered
within 24 h after withdrawal [22], which significantly
reduces the risk of bleeding.

At present, indobufen with a dose of 100 mg twice a day
has been approved for patients with aspirin intolerance
in China, and one bioequivalence study has shown that
the antiplatelet effect of indobufen at this dose is com-
parable to that of aspirin with a dose of 100 mg once a
day [23]. The clinical evidence behind such a move, how-
ever, is still scarce. Although previous studies observed
that indobufen effectively prevented the ischemic events
after coronary artery bypass grafting [24] and cerebral
infarction [25], few studies focus on the performance of
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A

Subgroup Indobufen group  Aspirin group HR (95% CI) P for interaction
All patients 45/689 406/6446 <+ 1.04 (0.76, 1.41)

Age, years 0.888
265 29/418 214/3194 - 1.04(0.71, 1.53)

<65 161271 192/3252 i 0.9 (0.60, 1.65)

Gender 0352
Male 36/495 326/5066 L gl 1.14 (0.81, 1.61)

Female 9/194 80/1380 - 0.79 (040, 1.57)

Hypertension 0.988
Yes 32/456 28214162 - 1.04(0.72. 1.49)

No 13233 12412284 — 1.03 (058, 1.82)

Diabetes 0.689
Yes 20231 165/2109 - 111(0.70, 1.77)

No 25/458 241/4337 H= 0.98 (0.65, 1.48)
Hyperlipidemia 0362
Yes 13/166 92/1538 - 132/(0.74,235)

No 32/523 314/4908 L 2l 096 (0.67,1.38)

Previous MI 0.152
Yes 491 86/1067 - 0.54(0.20, 1.46)

No 41/598 3205379 - 1.16 (0.84, 1.60)

Previous PCI 0367
Yes 13172 17011956 — 087 (0.49, 1.52)

No 32/517 236/4490 - 118 (0.82, 1.71)

CKD 0.651
Yes 9/100 65/631 -, 0.87 (043, 1.75)

No 36/589 341/5815 L 3l 1.04 (0.74, 1.47)

Diagnosis at admission 0.006
ACS 28/291 159/2592 - 1,59 (1.07,2.38)

Stable angina 171398 24713854 L 0.66 (0.40, 1.08)

Multivessel disease 0.712
Yes 36/467 34414610 L 2 1.04(0.74, 1.46)

No 9/222 62/1836 —-— 1.20 (0.60, 2.42)

PCI strategy 0.559
PTCA 119 15/100 ———>  0.74(0.10,5.57)

Stent implantation 37/620 338/5812 - 1.03 (0.73, 1.45)

Drug-coated balloon 7160 53/534 —— 115 (0.52,2.53)

LVEF, % 0.762
<40 213 14/130 ——  143(0.33,6.30)

40~50 4/54 55/617 . 082 (0.30,2.27)

>50 39622 337/5689 L 2 106 (0.76, 1.48)

P2Y12 receptor antagonist 0.693
Clopidogrel 34/536 243/4231 - 1.11(0.78, 1.59)

Ticagrelor 117153 163/2215 - 096 (0.52, 1.77)
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B

Subgroup Indobufen group ~ Aspirin group HR (95% CI) P for interaction
All patients 43/662 43/662 - 0.9 (0.65, 1.52)
Age, years 0.643
265 27397 30412 _-— 093 (055, 1.57)
<65 161265 13/250 —-— 115 (0.55,2.39)
Gender 0.375
Male 34478 30/469 — 111 (068, 1.81)
Female 9184 13/193 i 0.71(0.30, 1.67)
Hypertension 0.328
Yes 31437 341424 -— 0.87 (0.54, 1.42)
No 12/225 9/238 —-— 1.43 (0.60, 3.39)
Diabetes 0361
Yes 191221 23222 . 0.81 (0.4, 1.49)
No 24/441 20/440 - 120 (0.66, 2.18)
Hyperlipidemia 0.866
Yes 13/160 13/152 - 0.94(0.43,2.02)
No 30/502 30510 i 1.01 (061, 1.68)
Previous MI 0.345
Yes 4/89 791 _—— 0.57(0.17, 1.96)
No 39/573 36/571 i 1.08 (0.68, 1.69)
Previous PCI 0.540
Yes 13/168 151160 - 0.82(039, 1.72)
No 30/494 28/502 - 1.08 (0.65, 1.81)
CKD 0.542
Yes 9195 11192 - 078 (032, 1.88)
No 34/567 321570 _— 1.06 (0.6, 1.72)
Diagnosis at admission 0.013
ACS 261227 141267 - 1.81(0.95,3.47)
Stable angina 17385 29/395 - 059 (032, 1.07)
Multivessel disease 0.357
Yes 35/453 38/452 - 091 (058, 1.44)
No 8/209 5210 ——  1.61(0.53,4.92)
PCI strategy 0.108
PTCA 19 5/10 -— 0.19 (0.02, 1.59)
Stent implantation 35/595 34/600 i 104 (0.65. 1.66)
Drug-coated balloon 758 452 B ———  1.58(0.46,53%)
LVEF, % 0.209
<40 213 3 -—r 030 (0.05, 1.78)
40~50 3/53 4151 ——— 0.72(0.16, 3.19)
=50 38/596 36/604 L ol 1.07 (0.68, 1.68)
P2Y12 receptor antagonist 0.786
Clopidogrel 32/510 31/510 L 1.03 (0.63, 1.69)
Ticagrelor 11152 12/152 —— 0.90 (0.40, 2.04)
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Fig. 3 Subgroup analysis for MACCE. It shows the subgroup analysis for MACCE before (A) and after (B) propensity score matching. Abbreviations:
ACS=acute coronary syndrome; Cl=confidence interval; CKD = chronic kidney disease; HR=hazard ratio; LVEF =left ventricular ejection fraction;
MACCE = major adverse cardiovascular and cerebrovascular events; Ml=myocardial infarction; PCl = percutaneous coronary intervention;

PTCA=percutaneous transluminal coronary angioplasty

indobufen based DAPT on clinical events after PCI. The
OPTION trial, initiated by our cardiac center, is consid-
ered the largest multicenter randomized controlled trial
so far to compare the efficacy and safety of indobufen
versus aspirin in patients requiring DAPT [5]. However,
this trial only focused on patients with negative cardiac
troponin, and those with aspirin intolerance were also
excluded due to ethical considerations.

Therefore, the current study, based on a large-scale
real-world registry, provided new clinical evidence of
indobufen based DAPT from a more comprehensive
perspective. We found that the indobufen group shared
the same risk of MACCE with the aspirin group during
one-year follow-up, which was consistent with the results
from the OPTION trial [5]. A significant decrease in
BARC type 2, 3, or 5 bleeding was also observed in the
indobufen group. Notably, the bleeding incidence in the
aspirin group (11.9%) was higher than that reported in
the OPTION study (4.7%), which can be explained by the
differences in the design of study and the characteristics
of enrolled patients. The effect of PSM can also account
for it.

The above results were generally consistent across the
subgroups including aspirin intolerance. However, in
patients with ACS, who were basically excluded in the
OPTION trial, the use of indobufen tended to increase
the risk of MACCE, although this association should be
interpreted with caution owing to the nature of observa-
tional study and the limitation of subgroup analysis. Fur-
ther studies are still warranted to investigate the efficacy
of indobufen based DAPT in patients with ACS.

Clinical indications

This study was originally designed to make up for the
limitations of the OPTION trial and to provide a strat-
egy from China to deal with aspirin intolerance, which is
still a head-scratching problem for cardiologists around
the world. This is not to say that all patients with aspirin
intolerance should be prescribed with indobufen. What is
important is that we should identify aspirin intolerance
and help these patients choose the optimal management
strategies, which include the addition of PPI, alternative
drugs like indobufen or cilostazol, aspirin desensitization,
and de-escalation of antiplatelet therapy. This decision
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A

Subgroup Indobufen group  Aspirin group HR (95% CI) P for interaction
All patients 21/689 418/6446 - 0.46 (0.30, 0.72)

Age, years 0361
265 16/418 319/3194 - 037(0.23,0.62)
<65 5271 99/3252 ——— 0.60 (025, 1.48)

Gender 0.150
Male 18/495 325/5066 _— 056 (035, 0.90)
Female 3194 93/1380 -— 022(0.07.0.71)

Hypertension 0.521
Yes 13/456 280/4162 _— 0.42(0.24,0.73)
No 8/233 13812284 —— 056027, 1.14)

Diabetes 0.098
Yes 4231 15212109 -— 023 (0.09, 0.63)
No 177458 266/4337 i 0.60 (0.37,0.98)

CKD 0.833
Yes 7/100 106/631 - 0.40 (0.18, 0.85)
No 14/589 312/5815 _— 0.44(0.26,0.75)
Gastrointestinal diseases 0.579
Yes 11251 421285 -— 028 (0.15,0.55)

No 101438 376/6161 H_— 0.37(0.20, 0.69)

ARC-HBR 0.024
Yes 14/186 31171094 - 024 (0.14,0.40)

No /503 107/5352 ——— 0.69 (032, 1.49)

Diagnosis at admission 0.750
ACS 121291 244/2592 i 0.43 (0.24,0.76)

Stable angina 9/398 174/3854 - 049 (0.25,0.97)

Platelet, x10°/L 0.717
2100 20/681 405/6377 - 0.45(0.29,0.71)

<100 118 13/69 — > 0.67(0.09,5.10)

Positive FOBT 0.124
Yes 11/152 81718 —_— 0.62(0.33, 1.17)

No 10/537 337/5728 _-— 031(0.17,0.58)

P2Y 12 receptor antagonist 0.177
Clopidogrel 5/536 109/4231 - 036(0.15,0.88)

Ticagrelor 16/153 3092215 —— 073 (0.4, 1.21)

PPI 0.705
Yes 15/482 19412606 _— 0.41(0.24,0.69)
No 6/207 224/3840 —— 0.49 (0.2, 1.11)
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Subgroup Indobufen group  Aspirin group HR (95% CI) P for interaction
Al patients 20/662 79/662 > 0.24 (0.15, 0.40)

Age, years 0.600
265 15/397 64/412 - 023 (0.13,0.40)

<65 5/265 151250 H— 031(0.11,0.85)

Gender 0.280
Male 17/478 57/469 - 028 (0.16,0.48)

Female 3/184 22/193 -— 0.14(0.04, 0.46)

Hypertension 0.988
Yes 13/437 50/424 - 024(0.13,0.45)

No 71225 20238 -— 024(0.11,0.55)

Diabetes 0.165
Yes 4221 20222 - 0.13(0.05,0.38)

No 16/441 50/440 - 0.31(0.17,0.54)

CKD 0.623
Yes 7195 22/92 - 028 (0.12, 0.67)

No 13/567 57/570 - 022(0.12,0.40)
Gastrointestinal diseases 0.774
Yes 101224 35214 - 026(0.13,0.52)

No 10/438 44/448 - 022(0.11,045)

ARC-HBR 0.661
Yes 14175 60198 - 023(0.13,0.42)

No 6/487 19/464 _-— 030(0.12,0.74)

Diagnosis at admission 0.890
ACS 12277 47267 - 0.23(0.12, 0.44)

Stable angina 8/385 32/395 - 025(0.11,0.54)

Platelet, x10°/L 0.174
2100 19/656 77/648 - 023 (0.14,0.39)

<100 1/6 214 — - 128(0.12,1418)

Positive FOBT 0.105
Yes 11/142 27/140 - 038 (0.19,0.76)

No 9/520 52/522 - 0.17(0.08, 0.34)

P2Y 12 receptor antagonist 0.114
Clopidogrel 4/510 33/510 - 0.12(0.04,0.33)

Ticagrelor 16/152 46/152 - 031(0.17,0.54)

PPI 0.680
Yes 147458 59/460 - 023(0.13,041)

No 61204 201202 — 029(0.12,0.72)
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Fig. 4 Subgroup analysis for BARC type 2, 3, or 5 bleeding. It shows the subgroup analysis for BARC type 2, 3, or 5 bleeding before (A) and after (B)
propensity score matching. Abbreviations: ACS =acute coronary syndrome; ARC-HBR = Academic Research Consortium-high bleeding risk;
BARC=Bleeding Academic Research Consortium; Cl=confidence interval; CKD=chronic kidney disease; FOBT =fecal occult blood test; HR=hazard

ratio; PPl=proton pump inhibitor

ultimately relies on the specific clinical scenarios, per-
sonal willingness, and affordability.

Limitations

Our study has some limitations. First, as an observational
study, we were not able to adjust for other unmeasured
confounders, although the PSM and regression analy-
sis were adopted. Therefore, the main beneficiaries of
this study are those intolerant to aspirin, rather than the
entire PCI population. However, due to ethical concerns,
we were not likely to design a randomized controlled
trial comparing the efficacy of indobufen vs. aspirin
head-to-head in patients with aspirin intolerance. Sec-
ond, patients with ACS who did not receive PCI were
excluded from the analysis. So our results cannot apply to
these patients. Third, the proportion of ACS (especially
acute myocardial infarction) was not high in this study.
Therefore, future studies are still required to focus more
attention on this special population. Fourth, the cur-
rent study was based on single-center data and the vast
majority of the evidence on indobufen came from studies
performed in Asia. So the generalizability of our results
should be further evaluated in other cohorts.

Conclusions

In conclusion, indobufen based DAPT shared the
same risk of MACCE but a lower risk of bleeding ver-
sus aspirin based DAPT from a real-world perspective.
However, the efficacy of indobufen based DAPT, espe-
cially in patients with ACS, still need to be evaluated in
future studies.

Abbreviations

ACS Acute coronary syndrome

ASD Absolute standardized difference

cl Confidence interval

DAPT Dual antiplatelet therapy

HR Hazard ratio

LVEF Left ventricular ejection fraction
MACCE  Major adverse cardiovascular and cerebrovascular events
pCl Percutaneous coronary intervention
PSM Propensity score matching

TIMI Thrombolysis in Myocardial Infarction

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512916-024-03374-3.

Additional file 1: Supplemental Methods. Table S1. Comparison of
baseline characteristics according to the status of follow-up. Figure S1.
Temporal trend of indobufen use. Figure S2. Manifestations of aspirin
intolerance. Figure S3. Comparison of ASD before and after matching.



https://doi.org/10.1186/s12916-024-03374-3
https://doi.org/10.1186/s12916-024-03374-3

Dai et al. BMC Medicine (2024) 22:148

Figure S4. Distributions of propensity scores before and after matching.
Figure S5. Sensitivity analysis. Figure S6. Reasons for unplanned drug
discontinuation. STROBE Checklist.

Acknowledgements

The authors are grateful to the staff in the Department of Cardiology and
cardiac catheterization room in Zhongshan Hospital for their contributions to
this study. Chunfeng Dai is especially grateful to Jiayu Fu for her help in writing
this paper.

Authors’ contributions

CFD, MYL, ZY, ZWC, JYQ, and JBG designed the research. CFD, MYL, ZY, and
YRL enrolled the patients and finished the follow-up work. YRL, YZ, DBL, and
YX analyzed the data. AC, CGL, HL, YXD, and JYM interpreted the results. CFD
drafted the manuscript. MYL, ZY, ZWC, JYQand JBG revised the manuscript. All
authors read and approved the final manuscript.

Funding

This study was supported by the National Program on Key Basic Research Pro-
ject of China (Grant No: 2019YFC0840601 and 2022YFC2407002), National Nat-
ural Science Foundation of China (Grant No: 72288101, 82170338, 81970295,
81870267), Shanghai Clinical Research Center for Interventional Medicine
(Grant No: T9MC1910300), Grant of Shanghai Shenkang on Key Clinical
Research Project (Grant No: SHDC2020CR2015A and SHDC12019104), Grant
of Shanghai Science and Technology Committee (Grant No: 20JC1410800),
Key Medical and Health Projects of Xiamen Province (No: 3502720204004)
and Grant of Zhongshan Hospital Affiliated to Fudan University (Grant No:
202175GG07 and zhupei2021-012).

Availability of data and materials

The data that support the findings of this study are not openly available due
to reasons of sensitivity and are available from the corresponding author upon
reasonable request.

Declarations

Ethics approval and consent to participate
This registry and the current study were both approved by Zhongshan Hospi-
tal Ethics Committee (number: B2021-834).

Consent for publication
Not applicable.

Competing interests
None.

Author details

'Department of Cardiology, Zhongshan Hospital, Fudan University, Shanghai
Institute of Cardiovascular Diseases, 180 Fenglin Road, Shanghai 200032,
China. “National Clinical Research Center for Interventional Medicine, 180
Fenglin Road, Shanghai 200032, China. *Shanghai Clinical Research Center
for Interventional Medicine, 180 Fenglin Road, Shanghai 200032, China.

Received: 24 December 2023 Accepted: 27 March 2024
Published online: 02 April 2024

References

1. Mehta SR, Yusuf S, Peters RJ, et al. Effects of pretreatment with clopi-
dogrel and aspirin followed by long-term therapy in patients undergo-
ing percutaneous coronary intervention: the PCI-CURE study. Lancet.
2001;358:527-33.

2. Wallentin L, Becker RC, Budaj A, et al. Ticagrelor versus clopi-
dogrel in patients with acute coronary syndromes. N Engl J Med.
2009;361:1045-57.

20.

21.

22.

23.

Page 11 of 12

Dai C, Chen Z, Fu J, Qian J, Ge J. Cilostazol for Chinese patients with
aspirin intolerance after coronary drug-eluting stent implantation.
Thromb Haemost. 2020;120:857-65.

Biondi-Zoccai GG, Lotrionte M, Agostoni P, et al. A systematic review
and meta-analysis on the hazards of discontinuing or not adhering to
aspirin among 50,279 patients at risk for coronary artery disease. Eur
Heart J. 2006;27:2667-74.

Wu H, Xu L, Zhao X, et al. Indobufen or aspirin on top of clopidogrel
after coronary drug-eluting stent implantation (OPTION): a rand-
omized, open-label, end point-blinded noninferiority trial. Circulation.
2023,147:212-22.

Mehran R, Rao SV, Bhatt DL, et al. Standardized bleeding definitions
for cardiovascular clinical trials: a consensus report from the Bleeding
Academic Research Consortium. Circulation. 2011;123:2736-47.

Rao AK, Pratt C, Berke A, et al. Thrombolysis in Myocardial Infarction
(TIMI) Trial-phase I: hemorrhagic manifestations and changes in
plasma fibrinogen and the fibrinolytic system in patients treated with
recombinant tissue plasminogen activator and streptokinase. J Am Coll
Cardiol. 1988;11:1-11.

Investigators G. An international randomized trial comparing four
thrombolytic strategies for acute myocardial infarction. N Engl J Med.
1993;329:673-82.

Austin PC. Balance diagnostics for comparing the distribution of
baseline covariates between treatment groups in propensity-score
matched samples. Stat Med. 2009;28:3083-107.

Austin PC. An Introduction to propensity score methods for reducing
the effects of confounding in observational studies. Multivariate Behav
Res. 2011;46:399-424.

. Newby LK, Bhapkar MV, White HD, et al. Aspirin use post-acute coro-

nary syndromes: intolerance, bleeding and discontinuation. J Thromb
Thrombolysis. 2003;16:119-28.

Valgimigli M, Bueno H, Byrne RA, et al. 2017 ESC focused update on
dual antiplatelet therapy in coronary artery disease developed in
collaboration with EACTS: The Task Force for dual antiplatelet therapy
in coronary artery disease of the European Society of Cardiology (ESC)
and of the European Association for Cardio-Thoracic Surgery (EACTS).
Eur Heart J. 2018;39:213-60.

Moayyedi P, Leontiadis Gl. The risks of PPl therapy. Nat Rev Gastroen-
terol Hepatol. 2012;9:132-9.

Lanas A, Carrera-Lasfuentes P, Arguedas Y, et al. Risk of upper and lower
gastrointestinal bleeding in patients taking nonsteroidal anti-inflam-
matory drugs, antiplatelet agents, or anticoagulants. Clin Gastroenterol
Hepatol. 2015;13:906-12.

Seo SI, Park CH, You SC, et al. Association between proton pump
inhibitor use and gastric cancer: a population-based cohort study
using two different types of nationwide databases in Korea. Gut.
2021;70:2066-75.

Abrahami D, McDonald EG, Schnitzer ME, Barkun AN, Suissa S,
Azoulay L. Proton pump inhibitors and risk of colorectal cancer. Gut.
2022;,71:111-8.

Rossini R, lorio A, Pozzi R, et al. Aspirin desensitization in patients with
coronary artery disease: results of the multicenter ADAPTED registry
(aspirin desensitization in patients with coronary artery disease). Circ
Cardiovasc Interv. 2017;10:e004368.

Wiseman LR, Fitton A, Buckley MM. Indobufen. A review of its
pharmacodynamic and pharmacokinetic properties, and therapeutic
efficacy in cerebral, peripheral and coronary vascular disease. Drugs.
1992;44:445-64.

Zacharieva S, Orbetzova M, Tcharaktchiev D, Angelova-Gateva P,
Andonova K. Effects of short-term treatment with the thromboxane
synthesis blocker indobufen on pressor and depressor humoral factors
in healthy humans. Methods Find Exp Clin Pharmacol. 1995;17:615-9.
De Caterina R, Giannessi D, Bernini W, et al. A prostacyclin-sparing
effect of indobufen vs. aspirin. Thromb Haemost. 1996;75:510-4.
Marzo A, Crestani S, Fumagalli |, Giusti A, Lowenthal DT. Endoscopic
evaluation of the effects of indobufen and aspirin in healthy volun-
teers. Am J Ther. 2004;11:98-102.

Lee JY, Sung KC, Choi HI. Comparison of aspirin and indobufen in
healthy volunteers. Platelets. 2016;27:105-9.

Shi QP, Luo XY, Zhang B, et al. Effect of indobufen vs. aspirin on platelet
accumulation in patients with stable coronary heart disease after



Dai et al. BMC Medicine (2024) 22:148

percutaneous coronary intervention: An open-label crossover study.
Front Pharmacol. 2022;13:950719.

24. Cataldo G, Heiman F, Lavezzari M, Marubini E. Indobufen compared
with aspirin and dipyridamole on graft patency after coronary artery
bypass surgery: results of a combined analysis. Coron Artery Dis.
1998;9:217-22.

25. Morocutti C, Amabile G, Fattapposta F, et al. Indobufen versus warfarin
in the secondary prevention of major vascular events in nonrheumatic

atrial fibrillation. SIFA (Studio Italiano Fibrillazione Atriale) Investigators.

Stroke. 1997;28:1015-21.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 12 of 12



	Real-world performance of indobufen versus aspirin after percutaneous coronary intervention: insights from the ASPIRATION registry
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 
	Trial registration 

	Condensed abstract
	Background
	Methods
	Data sources and study population
	PCI procedure and perioperative antiplatelet therapy
	Follow-up and study endpoints
	Statistical analysis

	Results
	Population and matching
	Primary endpoints
	Secondary endpoints
	Additional analyses

	Discussion
	Prevalence and management strategies of aspirin intolerance
	Indobufen and indobufen based DAPT
	Clinical indications
	Limitations

	Conclusions
	Acknowledgements
	References


