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BACKGROUND: Type 2 diabetes mellitus is a risk factor for lower extremity arterial disease. Cilostazol expresses antiplatelet, anti-
inflammatory, and vasodilator actions and improves the claudication intermittent symptoms. We investigated the efficacy and 
safety of adjunctive cilostazol to clopidogrel-treated patients with type 2 diabetes mellitus exhibiting symptomatic lower extremity 
arterial disease, in the prevention of ischemic vascular events and improvement of the claudication intermittent symptoms.

METHODS AND RESULTS: In a prospective 2-arm, multicenter, open-label, phase 4 trial, patients with type 2 diabetes mellitus with 
intermittent claudication receiving clopidogrel (75 mg/d) for at least 6 months, were randomly assigned in a 1:1 ratio, either to con-
tinue to clopidogrel monotherapy, without receiving placebo cilostazol (391 patients), or to additionally receive cilostazol, 100 mg 
twice/day (403 patients). The median duration of follow-up was 27 months. The primary efficacy end point, the composite of 
acute ischemic stroke/transient ischemic attack, acute myocardial infarction, and death from vascular causes, was significantly 
reduced in patients receiving adjunctive cilostazol compared with the clopidogrel monotherapy group (sex-adjusted hazard ratio 
[HR], 0.468; 95% CI, 0.252–0.870; P=0.016). Adjunctive cilostazol also significantly reduced the stroke/transient ischemic attack 
events (sex-adjusted HR, 0.38; 95% CI, 0.15–0.98; P=0.046) and improved the ankle-brachial index and pain-free walking dis-
tance values (P=0.001 for both comparisons). No significant difference in the bleeding events, as defined by Bleeding Academic 
Research Consortium criteria, was found between the 2 groups (sex-adjusted HR, 1.080; 95% CI, 0.579–2.015; P=0.809).

CONCLUSIONS: Adjunctive cilostazol to clopidogrel-treated patients with type 2 diabetes mellitus with symptomatic lower ex-
tremity arterial disease may lower the risk of ischemic events and improve intermittent claudication symptoms, without in-
creasing the bleeding risk, compared with clopidogrel monotherapy.

REGISTRATION: URL: https://www.clini caltr ials.gov; Unique identifier: NCT02983214.

Key Words: cilostazol ■ clopidogrel ■ coronary artery disease ■ diabetes mellitus ■ intermittent claudication ■ ischemic stroke

Correspondence to: Alexandros D. Tselepis, MD, PhD, Atherothrombosis Research Center, Department of Chemistry, University of Ioannina, 45110 Ioannina, 
Greece. E-mail: atselep@uoi.gr

For Sources of Funding and Disclosures, see page 10.

© 2020 The Authors. Published on behalf of the American Heart Association, Inc., by Wiley. This is an open access article under the terms of the Creative 
Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use 
is non-commercial and no modifications or adaptations are made. 

JAHA is available at: www.ahajournals.org/journal/jaha

https://orcid.org/0000-0003-2376-740X
https://orcid.org/0000-0001-5708-5824
https://orcid.org/0000-0002-5854-2385
mailto:
https://www.clinicaltrials.gov
mailto:atselep@uoi.gr
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.ahajournals.org/journal/jaha


J Am Heart Assoc. 2021;10:e018184. DOI: 10.1161/JAHA.120.018184 2

Kalantzi et al Adjunctive Cilostazol in Patients With T2DM and LEAD

Lower extremity arterial disease (LEAD) is one 
of the manifestations of atherosclerotic cardio-
vascular disease and therefore it has similar risk 

factors to coronary and cerebrovascular diseases.1–3 
LEAD is associated with a high risk of cardiovascu-
lar morbidity and mortality, as well as by decreased 
quality of life.1–3

The most frequent clinical manifestation of LEAD 
is intermittent claudication, which results from poor 

oxygenation of muscles of the lower extremities and 
is experienced typically as an aching pain, cramping, 
or numbness in the calf, buttocks, hip, thigh, or arch of 
foot. Intermittent claudication symptoms are induced 
by walking or exercise and relieved by rest.4,5

A potent risk factor for atherosclerotic cardiovascu-
lar disease as well as for LEAD is type 2 diabetes mel-
litus (T2DM).6–9 Indeed, 20% to 30% of patients with 
LEAD have T2DM,10 and the risk of developing LEAD 
is proportional to the severity and duration of diabetes 
mellitus.11,12 LEAD in patients with T2DM is being asso-
ciated with other vascular events, such as stroke and 
myocardial infarction, and it is also an important risk 
factor for lower limb amputation.11,12

Cilostazol is a 2-oxoquinolone derivative that selec-
tively and reversibly inhibits cellular phosphodiester-
ase-3; thus, it suppresses cAMP degradation, increasing 
its intracellular levels in various cell types, including en-
dothelial cells, platelets, vascular smooth muscle cells, 
cardiomyocytes, and adipocytes.13 Cilostazol also in-
hibits equilibrative nucleoside transporter-1 and pre-
vents extracellular adenosine uptake.13,14 Through these 
mechanisms, cilostazol expresses several actions, in-
cluding antiplatelet-antithrombotic, anti-inflammatory, 
vasodilator, and antimitogenic effects.14,15

Cilostazol is licensed as a therapeutic agent to im-
prove the maximal and pain-free walking distances in 
patients with intermittent claudication.16 Especially in 
patients with T2DM, cilostazol combined with aspirin 
and/or clopidogrel is more effective in secondary pre-
vention of stroke than aspirin and clopidogrel alone.17,18

The aim of the the DORIC (Diabetic Artery 
Obstruction: Is It Possible to Reduce Ischemic Events 
With Cilostazol?) trial (Clini calTr ials.gov Identifier: 
NCT02983214) was to investigate whether adjunctive 
cilostazol to clopidogrel-treated patients with T2DM 
exhibiting symptomatic LEAD reduces the incidence of 
ischemic events and improves intermittent claudication 
symptoms, without increasing the bleeding risk, com-
pared with clopidogrel monotherapy.

METHODS
Trial Design and Study Participants
The data that support the findings of this study are 
available from the corresponding author on reason-
able request. The DORIC trial was a prospective 
2-arm, multicenter (12 centers), open-label, phase 4 
clinical trial. The executive and operations committee 
designed and oversaw the conduct of the study. The 
raw database was provided to this committee, which 
performed the data analyses, prepared this report, 
and made the decision to submit the article for publi-
cation. The members of the executive and operations 
committee assume responsibility for the accuracy and 

CLINICAL PERSPECTIVE

What Is New?
• This prospective 2-arm, multicenter, open-label, 

phase 4 trial reveals that in patients with type 
2 diabetes mellitus who presented with symp-
tomatic lower extremity arterial disease and 
had been treated with clopidogrel (75  mg/d) 
for at least 6 months, the addition of cilostazol 
(100 mg twice/day) significantly reduced the in-
cidence of ischemic events, defined as acute is-
chemic stroke/transient ischemic attack, acute 
myocardial infarction, and death from vascular 
causes, compared with patients who continued 
in clopidogrel monotherapy.

• Adjunctive cilostazol to clopidogrel-treated pa-
tients with type 2 diabetes mellitus also sig-
nificantly reduced the acute ischemic stroke/
transient ischemic attack events and improved 
the ankle-brachial index and the pain-free walk-
ing distance values compared with clopidogrel 
monotherapy.

• The risk of overall bleeding, including severe 
or life-threatening bleeding, with the combina-
tion of cilostazol with clopidogrel was similar to 
that observed in the clopidogrel monotherapy 
group.

What Are the Clinical Implications?
• The present study suggests that long-term 

treatment with a combination of cilostazol and 
clopidogrel of patients with type 2 diabetes 
mellitus who presented with symptomatic lower 
extremity arterial disease could be an effective 
therapeutic regimen in these high thrombotic 
risk patients.

Nonstandard Abbreviations and Acronyms

DORIC Diabetic Artery Obstruction: Is It 
Possible to Reduce Ischemic Events 
With Cilostazol?

LEAD lower extremity arterial disease
T2DM type 2 diabetes mellitus

http://ClinicalTrials.gov
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completeness of the data and all analyses and for the 
fidelity of this report to the study protocol.

Eligible patients were White men and women 
≥50 years old, with T2DM who presented with symp-
tomatic LEAD, intermittent claudication, or rest pain 
(stage ΙΙa, ΙΙb, or ΙΙΙ, according to the Fontaine classi-
fication, or stage 1 to 4, according to the Rutherford 
classification),3,17 and were receiving clopidogrel 
(75  mg/d) for at least 6  months. Presence of T2DM 
and diabetes mellitus treatment at enrollment was de-
termined using the “Medical History” case report form 
at screening or baseline visits. The diagnosis of T2DM 
was documented by the participating physicians, ac-
cording to American Diabetes Association guidelines.8 
If information on diabetes mellitus history was missing, 
the patient was not included in this study. Medical re-
cords were obtained and physical examination was 
performed in all patients, accessing cardiovascular 
risk factors. Ankle-brachial index (ABI) measurements 
in right and left leg were performed in a supine posi-
tion after at least 30 minutes of rest at baseline and 
at 12  months of follow-up, using a Doppler probe 
(5–10 MHz), on the posterior and the anterior tibial ar-
teries of each leg and on the brachial artery of each 
arm. The ABI of each leg was calculated by dividing 
the highest ankle systolic blood pressure by the high-
est arterial pressure measured in arm.19–21 The pain-
free walking distance, as walking on a treadmill under 
the supervised examination of the patient’s physician, 
was recorded at baseline and at 12  months of fol-
low-up.19,22 Each patient was submitted to 3 treadmill 
examinations, and the best approach was recorded. 
The pain-free walking distance was also recorded in 
all patients at home-based exercise. Patients were in-
structed to walk 3 times per week, up to 45 minutes, 
at a self-selected pace. Τhe exercise activity was re-
corded by each patient in a structured form in which 
the date, duration of walking, and free pain distance 
were noted. This form was delivered monthly to the 
physician. Patients who presented with heart failure, 
history of ventricular tachycardia, ventricular fibrilla-
tion, multifocal ventricular contractions, or corrected 
QT prolongation in resting ECGs were excluded from 
the study. Patients with atrial fibrillation receiving anti-
coagulant treatment or patients with a history of cardi-
oembolic ischemic stroke or hemorrhagic stroke were 
also excluded from the study. The exclusion criteria 
also included patients with a history (≤12 months) of 
an acute coronary syndrome receiving dual antiplate-
let therapy or patients treated with aspirin. Patients 
with chronic liver disease (Child-Turcotte-Pugh score 
≥5) or chronic kidney disease, stages 4 to 5 (glomer-
ular filtration rate, <30 mL/min), patients with cancer, 
or patients with a recent peptic ulcer or a history of 
hypersensitivity to cilostazol were excluded from the 
study.

Randomization
Patients were randomly assigned in a 1:1 ratio, either 
to continue to clopidogrel monotherapy (75  mg/d), 
without receiving placebo cilostazol, or to addition-
ally receive a brand of cilostazol (Claudiasil) (100 mg 
twice a day). To prevent adverse drug reactions, such 
as tachycardia, palpitations, or headache, cilostazol 
treatment was started at a daily dose of 50 mg twice 
a day for 15 days and then increased to 100 mg twice 
a day. Antiplatelet treatment was continued for at least 
18 months, with a maximum of 36 months. Outpatient 
visits or telephone contacts were scheduled every 
month the first year and every 3  months thereafter. 
Compliance to the antiplatelet drugs as well as ad-
verse events were assessed at each visit. Changes in 
the antiplatelet treatment were not permitted during 
the study.

Simple randomization was based on a comput-
er-generated randomization list using Microsoft Excel 
software (Microsoft Hellas Co, Athens, Greece). The 
list was given to the study’s investigators, who enrolled 
the patients and assigned them in 1 of the 2 groups. 
Medical personnel and patients were not blinded 
to treatment assignment during the whole study 
period. Therefore, outcomes were submitted to a 
3-member adjudication committee constituted by the 
Atherothrombosis Research Center of the University of 
Ioannina.

End Points
The primary efficacy end point was the composite of 
acute ischemic stroke/transient ischemic attack (TIA), 
acute myocardial infarction (AMI), and death from vas-
cular causes. Acute ischaemic stroke/TIA was adjudi-
cated by physical examination as well as by performing 
urgent imaging of the brain and supra-aortic vessels 
(computed tomography scan angiography and mag-
netic resonance angiography).23,24 The diagnosis of 
AMI, characterized as either AMI with ST-segment 
elevation or high-risk unstable angina or AMI without 
ST-segment elevation, was performed according to 
the Third Universal Definition of Myocardial Infarction.25 
Secondary efficacy end points were acute ischemic 
stroke/TIA, AMI, coronary stent thrombosis, percuta-
neous coronary intervention, coronary restenosis (ad-
judicated by the recurrence of signs and symptoms of 
cardiac ischemia in a patient with a history of coronary 
artery disease and prior stent implantation, and con-
firmed by coronary angiography), death from cardio-
vascular causes, death from any cause, hospitalization 
for acute limb ischemia, lower extremity arterial revas-
cularization, as well as the improvement of ABI and 
pain-free walking distance values.

The primary safety end point was the rate of bleed-
ing events, as defined by Bleeding Academic Research 

https://www.healthline.com/health/glomerular-filtration-rate
https://www.healthline.com/health/glomerular-filtration-rate
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Consortium criteria. Other adverse events were also 
recorded, including headache, palpitations, tachycar-
dia, diarrhea, urticaria, neoplasms, transient thrombo-
cytopenia, and leucopenia.

Bioethics
The study protocol was approved by the ethics com-
mittee of each hospital that participated in the trial. 
The study was conducted in accordance with the 
Declaration of Helsinki and was consistent with the 
International Conference on Harmonised Tripartite 
Guideline for Good Clinical Practice. Written informed 
consent was obtained from each eligible patient before 
being randomly assigned to treatment.

Statistical Analysis
Values of continuous variables were presented as 
mean and SD, whereas categorical variables were ex-
pressed as counts and percentages. Efficacy analyses 
were done in the intention-to-treat population, focused 
only on time to first event. Safety analyses were done 
with patients who had received at least one dose of a 
trial regimen. Baseline characteristics and medical his-
tory comparisons were examined using the Pearson χ 
2 test in the case of categorical variables or the inde-
pendent sample t test in the case of continuous ones. 
The Shapiro-Wilk test was applied to assess normality 
where necessary. The Pearson χ 2 test was also used 
to assess independence of bleeding events in the 2 
treatment groups. Cox proportional hazard models 
were used to calculate hazard ratios (HRs) and 95% 
CIs for the adjunctive cilostazol group compared with 
the clopidogrel monotherapy group, for all outcomes 
except for the improvement of ABI values and of pain 
walking free distance values, which were only meas-
ured at the entry to the study and at the end of the 
follow-up for each patient. The analysis was adjusted 
for patients’ sex, and the assumption of proportional 
hazards was confirmed when performing each analy-
sis. Patients who did not develop events were treated 
as censored at the last observational date. A second-
ary per-protocol analysis of the primary outcome that 
included patients who had received at least one dose 
of a trial regimen, with data censored 1 day after per-
manent discontinuation of trial medication, was also 
performed. Statistical significance was set at 0.05 in 
all cases, and the Bonferroni correction was applied 
to adjust the type I error for the primary efficacy out-
come. All analyses were performed using IBM SPSS 
software, version 21 (IBM Co, Armonk, NY). Sample 
size calculations were performed before the initiation 
of the study on the basis of the assumption of a 30% 
improvement in efficacy under the adjunctive cilosta-
zol treatment versus the clopidogrel monotherapy, 
according to the test of proportion comparisons for 2 

independent groups. One year after the initiation of the 
study, the observed incidence of an interim analysis for 
the primary efficacy end point in the adjunctive cilosta-
zol arm and in the clopidogrel monotherapy arm in this 
high-risk population was found equal to 4% and 8%, 
respectively. On the basis of these findings and assum-
ing a total dropout rate of 7%, and a follow-up period of 
2 years, the study had a power >80% at 0.05 to reject 
the null hypothesis of equality in incidence of events 
in the study arms, according to the test of proportion 
comparisons for 2 independent groups. Significance 
(2 tailed) was set at P<0.05. The G power 3.1 was used 
for the power analysis.

RESULTS
The patients’ recruitment started in November 2016, 
and the enrollment duration was initially planned to 
be 12 months. The steering committee extended the 
enrollment period for 6 months to increase the num-
ber of recruited patients because the power analysis 
had indicated 795 patients per arm. During the 18-
month period, 826 consecutive patients with T2DM 
who presented with symptomatic LEAD were enrolled 
(Figure 1). Among them, 26 patients declined to partici-
pate once the procedure of participation had been ex-
plained, whereas 6 patients did not meet the inclusion 
criteria. Thus, 794 patients underwent randomization. 
Among them, 391 patients were assigned to continue 
to clopidogrel monotherapy and 403 were assigned 
to receive adjunctive cilostazol on top of clopidogrel 
(Figure  1). The follow-up was initially planned to be 
12  months. However, on the basis of the number of 
major events recorded within this follow-up period, the 
steering committee decided to extend this period for 
6 months. In this regard, the data were examined once 
at 12 months of follow-up, looking only at the number 
of cases with the primary efficacy end point in each 
arm. This look on the data was not initially planned and 
was the only one throughout the 12-month follow-up 
period. It was conducted because of the smaller num-
ber of the total accrued patients compared with the 
initial target. For this comparison only, the Bonferroni 
adjustment was applied at the end of the trial to adjust 
for type I error. The result remained significant after the 
adjustment as well.

The last date of patient contact was October 31, 
2019, and the trial database was locked in November 
2019. The trial medication was continued for 18 months, 
up to 36 months, and the median duration of follow-up 
was 27 months. Discontinuation of follow-up for rea-
sons other than development of major events occurred 
in 22 patients in the adjunctive cilostazol group and 
in 15 patients in the clopidogrel monotherapy group 
(Figure 1). Among patients in the adjunctive cilostazol 
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group, 4 were lost to follow-up and 18 discontinued 
trial drugs (2 patients diagnosed as having atrial fibril-
lation and switched to anticoagulants, 5 patients diag-
nosed as having neoplasms, and 3 patients developed 
heart failure, whereas 8 patients had palpitations, 
tachycardia, or headache). Among the patients in the 
monotherapy group, 6 were lost to follow-up and 9 dis-
continued trial drugs (3 patients diagnosed as having 
atrial fibrillation and switched to anticoagulants and 6 

patients diagnosed as having neoplasms [Figure  1]). 
Thus, 403 patients assigned to receive cilostazol in 
addition to clopidogrel and 391 patients assigned to 
the clopidogrel monotherapy group were included in 
the intention-to-treat analysis, whereas 381 patients in 
the adjunctive cilostazol group and 376 patients in the 
monotherapy group were included in the per-proto-
col analysis. The patients’ baseline characteristics are 
shown in Table 1. Patients in the adjunctive cilostazol 

Figure 1. Consolidated Standards of Reporting Trials flow diagram showing the study design of the DORIC (Diabetic Artery 
Obstruction: Is It Possible to Reduce Ischemic Events With Cilostazol?) trial.
AF indicates atrial fibrillation; HF, heart failure; and ITT, intent to treat.

826 patients enrolled

32 patients were excluded
26 declined to participate 
6 did not meet inclusion criteria 

Allocation

ITT Analysis

Follow-Up

794 underwent randomization

403 assigned to cilostazol + clopidogrel 
therapy

391 assigned to clopidogrel
monotherapy

22 Discontinued follow-up
18 discontinued trial drugs
•
•
•
•

•
•

•
•

5 Neoplasms
2 AF
3 HF
8 Palpitations, Tachycardia or Headache

4 lost to follow-up

15 Discontinued follow-up
9 discontinued trial drug

6 Neoplasms
3 AF

6 lost to follow-up

403 included in the ITT analysis 391 included in the ITT analysis

Per-Protocol Analysis

381 included in the per-protocol analysis 376 included in the per-protocol analysis
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group exhibited higher male/female ratio, which was 
taken into account in the analysis followed on. No dif-
ference between groups was observed in patients’ 
medical history, their distribution among the stages of 
Fontaine classification, ABI values, and pain-free walk-
ing distance values, as well as in major medications 
administered at baseline (Table 1).

Efficacy End Points
The primary efficacy end point of acute ischemic 
stroke/TIA, AMI, and death from vascular causes oc-
curred in 15 (3.7%) of 403 patients of the adjunctive 
cilostazol group and in 31 (7.9%) of the 391 patients in 
the clopidogrel monotherapy group (sex-adjusted HR, 
0.468; 95% CI, 0.252–0.870; P=0.016) (Table  2 and 
Figure  2). Among the secondary efficacy outcomes, 

acute ischemic stroke/TIA was significantly lower in 
the adjunctive cilostazol group than in the clopidogrel 
monotherapy group (sex-adjusted HR, 0.38; 95% CI, 
0.15–0.98; P=0.046) (Table 2). The ABI values in both 
legs as well as the pain-free walking distance values 
were improved in both patient groups (P=0.02 for all 
comparisons in the clopidogrel monotherapy group 
and P=0.001 for all comparisons in the adjunctive 
cilostazol group). The improvement in both parameters 
was significantly higher in the adjunctive cilostazol 
group compared with the clopidogrel monotherapy 
group (Table  2). There was a trend for reduction in 
coronary restenosis and lower extremity revasculariza-
tion in the adjunctive cilostazol group versus the clopi-
dogrel monotherapy group; however, it did not reach 
statistical significance (Table 2). No significant reduc-
tion was found in AMI, coronary stent thrombosis, 

Table 1. Baseline Characteristics, Medical History, and Main Medications of the Participants in the Study

Characteristics Cilostazol+Clopidogrel (n=403) Clopidogrel (n=391) P Value

Age, y 67.5±8.5 68.2±8.2 0.24

Sex (men/women), n 281/122 227/164 0.001

BMI, kg/m2 30.1±5.8 29.8±5.1 0.54

HbA1c, % 7.1±1.2 7.2±1.3 0.31

Fontaine classification, n

Stage IIa 285 280 0.30

Stage IIb 87 81 0.40

Stage III 31 30 0.62

ABI values

Right leg 0.73±0.14 0.75±0.10 0.69

Left leg 0.72±0.12 0.77±0.09 0.23

Pain-free walking distance, m 237.9±48.3 252.1±63.9 0.13

Medical history, n (%)

Current smoking 89 (22.1) 77 (19.7) 0.76

Hypertension 354 (87.8) 340 (86.9) 0.74

Hyperlipidemia 356 (88.3) 347 (88.7) 0.91

Family history of CAD 13 (3.2) 16 (4.1) 0.51

History of CAD 91 (22.6) 82 (20.9) 0.63

History of noncardioembolic 
ischemic stroke/TIA

39 (9.6) 35 (8.9) 0.12

History of carotid artery disease 64 (15.9) 54 (13.8) 0.46

History of valvular disease 8 (2.0) 9 (2.3) 0.60

CKD stage 1–3 36 (8.9) 40 (10.2) 0.12

Thyroid gland disease 45 (11.2) 43 (10.9) 0.10

COPD 6 (1.4) 4 (1.0) 0.31

Main medications, n (%)

Antidiabetics 403 (100) 391 (100) 0.89

Lipid-lowering agents 356 (88.3) 347 (88.7) 0.10

Antihypertensive agents 354 (87.8) 340 (86.9) 0.52

PPIs 32 (7.9) 27 (6.9) 0.54

Data are given as mean±SD, unless otherwise indicated. ABI indicates ankle-branchial index; BMI, body mass index; CAD, coronary artery disease; CKD, 
chronic kidney disease; COPD, chronic obstructive pulmonary disease; HbA1c, glycated hemoglobin; PPI, proton pump inhibitor; and TIA, transient ischemic 
attack.
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percutaneous coronary intervention, and hospitaliza-
tion for acute limb ischemia as well as in death from 
vascular causes or from any cause (Table 2). Similar re-
sults in the primary and secondary efficacy outcomes 
were obtained when per-protocol analysis was applied 
(data not shown).

Safety End Points
The primary safety end point of bleeding events, ac-
cording to Bleeding Academic Research Consortium 
criteria, occurred in 21 patients (5.2%) in the adjunc-
tive cilostazol group, compared with 19 patients 
(4.8%) in the clopidogrel monotherapy group (sex-
adjusted HR, 1.080; 95% CI, 0.579–2.015; P=0.809) 
(Table 3 and Figure 3). As shown in Table 3, the HRs 
of Bleeding Academic Research Consortium 1, 2, 
3, and 5 bleeding were similar between the 2 study 
groups, whereas no bleeding events according to 
Bleeding Academic Research Consortium 4 were 
observed in either group. Intracranial hemorrhage 
occurred in 4 and 3 patients in adjunctive cilosta-
zol group and in clopidogrel monotherapy group, 
respectively, 1 of which was fatal in each group. 
Gastrointestinal bleeding occurred in 7 and 5 pa-
tients in adjunctive cilostazol group and in clopidogrel 
monotherapy group, respectively. Similar results in 
the primary safety end points were obtained when 
per-protocol analysis was applied (data not shown). 
Nonthrombotic and nonbleeding adverse events re-
lated to the drugs investigated in the present study 
were also recorded. These events were nonserious, 
although most of them occurred only in the adjunc-
tive cilostazol group (Table 4).

DISCUSSION
The DORIC trial shows that in patients with T2DM with 
symptomatic LEAD receiving antiplatelet therapy with 
clopidogrel, the addition of cilostazol significantly re-
duces the incidence of ischemic events, defined as 
acute ischemic stroke/TIA, AMI, and death from vascu-
lar causes, compared with patients who continued in 
clopidogrel monotherapy. The combination of cilosta-
zol with clopidogrel also significantly reduced the sec-
ondary efficacy outcome of acute ischemic stroke/
TIA. Furthermore, addition of cilostazol to clopidogrel 
significantly improved the pain-free walking distance 
and ABI values in both legs compared with clopi-
dogrel monotherapy. The other secondary efficacy 
outcomes, AMI, death from vascular causes, coronary 
stent thrombosis, percutaneous coronary intervention, 
coronary restenosis, hospitalization for acute limb is-
chemia, and lower extremity arterial revascularization 
events, were not reduced significantly.

All patients with T2DM of the DORIC trial exhibited 
symptomatic LEAD, most of them being presented 
with intermittent claudication, stages IIa and IIb, ac-
cording to the Fontaine classification. Following the 
2016 American College of Cardiology/American Heart 
Association guidelines26 as well as more recent guide-
lines on the management of patients with symptomatic 
LEAD,3,19 patients should be given antiplatelet therapy 
with aspirin alone (75–325 mg/d) or clopidogrel alone 
(75 mg/d) to improve the LEAD symptoms. In this re-
gard, a systematic review and network meta-analysis 
of 49 available randomized controlled trials comparing 
different antiplatelet regimens in 34 518 patients sug-
gests that clopidogrel may be the preferred antiplatelet 

Table 2. Primary and Secondary Efficacy End Points

End Points Cilostazol+Clopidogrel (n=403) Clopidogrel (n=391) ΗR (95% CI) P Value

Primary efficacy, n (%)

Acute ischemic stroke/TIA, AMI, and death from 
vascular causes

15 (3.7) 31 (7.9) 0.468 (0.252–0.870) 0.016

Secondary efficacy

Acute ischemic stroke/TIA, n (%) 6 (1.5) 15 (3.8) 0.38 (0.15–0.98) 0.046

AMI, n (%) 6 (1.5) 11 (2.8) 0.56 (0.21–1.52) 0.25

Death from vascular causes, n (%) 3 (0.7) 5 (1.3) 0.66 (0.16–2.78) 0.57

Coronary stent thrombosis, n (%) 2 (0.5) 2 (0.5) 0.92 (0.13–6.54) 0.93

PCI, n (%) 4 (1.0) 6 (1.5) 0.63 (0.18–2.24) 0.48

Coronary restenosis, n (%) 1 (0.2) 5 (1.3) 0.2 (0.02–1.75) 0.15

Death from any cause, n (%) 5 (1.2) 6 (1.5) 0.87 (0.26–2.84) 0.81

Improvement of ABI values

Right leg 0.18±0.05 0.07±0.02 0.001

Left leg 0.17±0.04 0.06±0.01 0.001

Improvement of pain-free walking distance values, m 107.7±27.4 47.7±15.3 0.001

Hospitalization for acute limb ischemia, n (%) 8 (2.0) 14 (3.6) 0.54 (0.23–1.29) 0.17

Lower extremity arterial revascularization, n (%) 13 (3.2) 22 (5.6) 0.53 (0.27–1.06) 0.07

Data are given as mean±SD, unless otherwise indicated. ABI indicates ankle-branchial index; AMI, acute myocardial infarction; HR, hazard ratio; PCI, 
percutaneous coronary intervention; and TIA, transient ischemic attack.
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agent to treat patients with LEAD.27 This therapeutic 
regimen may also reduce the incidence of ischemic 
events, such as myocardial infarction, ischemic stroke, 
and vascular death.4 Therefore, the present study 
included patients with T2DM receiving clopidogrel 
monotherapy.

According to the DORIC trial protocol, the patients 
with T2DM included in the study should be treated with 
clopidogrel for at least 6 months before enrollment to 
exclude, as possible, the existence of high on-treat-
ment platelet reactivity to this drug, because according 
to previous studies, the platelet response to clopido-
grel is improved after drug administration for at least 
1 month.28–31 According to our results, the ABI values 
and the pain-free walking distance were improved at 
12 months of follow-up in the clopidogrel monotherapy 

group, suggesting that our patients adequately re-
sponded to clopidogrel.

Adjunctive cilostazol to the clopidogrel-treated pa-
tients with T2DM further improved the ABI and the 
pain-free walking distance values and consequently 
the claudication intermittent symptoms, and it also 
significantly reduced the primary efficacy end point, 
the composite of acute ischemic stroke/TIA, AMI, and 
death from vascular causes. This suggests that the 
use of cilostazol in addition to clopidogrel is an effec-
tive therapeutic regimen in patients with T2DM with 
symptomatic LEAD. This finding is in accordance with 
previously published results demonstrating that ad-
junctive cilostazol to clopidogrel significantly improves 
the clinical outcomes in various patient groups, in-
cluding patients with coronary artery disease, patients 

Table 3. Βleeding Events as Defined by BARC Criteria

End Points Cilostazol+Clopidogrel (n=403) Clopidogrel (n=391) ΗR (95% CI) P Value

Primary safety, n (%) 21 (5.2) 19 (4.9) 1.080 (0.579–2.015) 0.809

BARC 1 12 (3.0) 11 (2.8) 1.002 (0.44–2.28) 0.99

BARC 2 6 (1.5) 4 (1.0) 1.51 (0.42–5.39) 0.53

BARC 3 2 (0.5) 3 (0.8) 0.69 (0.12–4.18) 0.69

BARC 4 0 (0) 0 (0) … …

BARC 5 1 (0.2) 1 (0.3) 1.06 (0.06–17.30) 0.97

BARC indicates Bleeding Academic Research Consortium; and HR, hazard ratio.

Figure 2. Kaplan-Meier plot of the primary efficacy end point.
The primary efficacy end point was defined as acute ischemic stroke/transient ischemic attack, acute 
myocardial infarction, and death from cardiovascular causes. HR indicates hazard ratio.
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undergoing percutaneous coronary intervention or 
carotid artery stenting, patients with a prior noncar-
dioembolic ischemic stroke or TIA, and patients with 
LEAD.32–36 The DORIC trial further showed that the 
combination of cilostazol with clopidogrel significantly 
reduced the secondary efficacy outcome of acute isch-
emic stroke/TIA compared with clopidogrel monother-
apy. This finding is in line with recently published data 
in patients at high risk for recurrent ischemic stroke, 
demonstrating that the combination of cilostazol with 
aspirin or clopidogrel reduces the incidence of isch-
emic stroke recurrence compared with treatment with 
aspirin or clopidogrel alone.37

The reduction of ischemic events induced by the 
addition of cilostazol to clopidogrel could be attributed 
to several actions expressed by cilostazol in addition 
to its antiplatelet-antithrombotic effects. These include 
anti-inflammatory, vasodilator, and antimitogenic ef-
fects as well as the inhibition of neointimal hyperpla-
sia and smooth muscle proliferation after endothelial 
injury.13–15

More important, the risk of overall bleeding, includ-
ing severe or life-threatening bleeding, with the com-
bination of cilostazol with clopidogrel was similar to 
that observed in the clopidogrel monotherapy group. 
This finding is in accordance with previously published 
results of several studies, showing that cilostazol ad-
ministration as monotherapy or as dual or even triple 
antiplatelet therapy does not increase bleeding com-
pared with corresponding therapies that do not in-
clude cilostazol.33,34,36

A limitation of the present study is the relatively 
small number of enrolled patients; however, the study 
has adequate power to avoid type II statistical errors. 
Α consequence of this limitation is that the lower num-
bers in the secondary efficacy outcomes of coronary 
restenosis and lower extremity arterial revascular-
ization observed in the adjunctive cilostazol group, 
compared with the clopidogrel monotherapy group, 
did not reach statistical significance. Previous stud-
ies have demonstrated that adjunctive cilostazol to 

Figure 3. Kaplan-Meier plot of the primary safety end point.
The primary safety end point was defined by Bleeding Academic Research Consortium criteria. HR 
indicates hazard ratio.

Table 4. Nonthrombotic and Nonbleeding Adverse Events 
in the Study Population

Adverse Events*
Cilostazol+Clopidogrel 

(n=403) Clopidogrel (n=391)

Headache 11 (2.7) 0

Palpitations 11 (2.7) 0

Tachycardia 9 (2.2) 0

Diarrhea 6 (1.5) 0

Urticaria 6 (1.5) 4 (1.0)

Neoplasms 5 (1.2) 6 (1.5)

Data are given as number (percentage).
*Only adverse events with >1.0% incidence are presented.
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aspirin, clopidogrel, or both significantly reduces the 
above end points.13–15,38,39 Therefore, it remains to 
be established whether in patients with T2DM, being 
at high risk for thrombotic events, treatment with ci-
lostazol and clopidogrel would reduce the above 
clinical end points. The DORIC trial did not include a 
placebo group, and the patients’ treatment was not 
blind; consequently, the trial investigators were aware 
of the study drug allocation. These are also limitations 
of the present study. We should point out that most 
of clinical studies of cilostazol involved population 
from East Asia, and this is mentioned as a limitation of 
these studies, even though there are no reports for dif-
ferences in the pharmacokinetics of cilostazol among 
races.40 The DORIC trial involved White patients, and 
this provides information on the potential effects of 
this drug in a non-Asian population. The known early 
cilostazol adverse effects, such as tachycardia, palpi-
tations, or headache,41 which lead to drug discontin-
uation, were lower in our study compared with those 
reported in previous studies.42 This could be caused 
by the fact that cilostazol treatment in our patients 
was started at a daily dose of 2×50 mg for 15 days 
and then increased at 2×100 mg/d. This observation 
accords with recently published results.37

In conclusion, in White patients with T2DM with 
symptomatic LEAD, long-term treatment with a combi-
nation of cilostazol with clopidogrel may lower the risk 
of ischemic events and improve intermittent claudica-
tion symptoms, without increasing the bleeding risk, 
compared with clopidogrel monotherapy. Therefore, 
the present study suggests that addition of cilostazol 
to clopidogrel in patients with T2DM with high throm-
botic risk, who are eligible to receive this drug, could 
be recommended as an effective therapeutic regimen 
in these patients.
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