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Abstract

Background and purpose

The ticlopidine/Ginkgo biloba ext. combination drug (Yuclid) is used as an antiplatelet agent
for prevention of vascular events since its approval in 2008. The purpose of this study is to
explore the safety of ticlopidine/Ginkgo biloba combination, mainly regarding the incidence
of neutropenia, through a post-marketing surveillance study.

Methods

From March 2009 to October 2015, a total of 4839 subjects had been enrolled in this study.
The enroliments were conducted by 152 doctors of 89 hospitals according to the regulations
for post-marketing surveillance programs in Korea. If a subject was administered the drug
once, he/she was included in the safety analysis set for any adverse events and bleedings,
and the primary safety evaluation regarding neutropenia was conducted in subjects who
completed 3-month blood test follow-up. We predefined that 1% reduction in neutropenia
incidence by ticlopidine/Ginkgo biloba ext. combination from the previously reported inci-
dence of ticlopidine of 2.3% was clinically meaningful.

Results

Among the safety analysis set of 4831 patients (99.8% of the enrolled subjects), 3150
(65.1%) completed evaluation for neutropenia at 3 months which is the primary safety end-
point. The major causes of dropout were no follow-up visit at 3 months (n = 1016) and viola-
tion of the follow-up period (n = 503). Nine patients experienced neutropenia (Absolute
neutrophil count [ANC] < 1200mm?) and the estimated cumulative incidence at 3 months is
0.29% (95% confidence interval, 0.13%— 0.54%). Severe neutropenia (ANC < 450mm?®) did
not occur in any patients.
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Conclusions

The incidence of neutropenia with addition of Ginkgo biloba ext. to ticlopidine may be lower
than the previously reported incidence of neutropenia with ticlopidine, which needs to be
confirmed in randomized controlled trials.

Introduction

Ticlopidine, an antiplatelet drug in the thienopyridine family, demonstrated its efficacy for
secondary prevention of stroke in patients with previous cerebral ischemia in two large clinical
trials, the Canadian American Ticlopidine Study (CATS) and Ticlopidine Aspirin Stroke
Study (TASS).[1, 2] Moreover, the combination of ticlopidine and aspirin was effective in
reducing stent thrombosis and vascular events after coronary stent placement.[3, 4] From
these successful trials, ticlopidine became the most commonly used antiplatelet agent next to
aspirin in Europe and the United States. [5]

After widespread use of ticlopidine, hematologic abnormalities including neutropenia asso-
ciated with ticlopidine had been reported. Since the incidence of neutropenia was about 2%
and fully reversible after stopping ticlopidine, blood test monitoring was recommended during
the first 3 months after starting ticlopidine.[6] However, a succeeding thienopyridine-based
antiplatelet drug, clopidogrel, demonstrated a better safety for neutropenia than ticlopidine.
[7-10] And clopidogrel has largely replaced ticlopidine in clinical practice.

In the course of time, it has been reported that persons with clopidogrel unresponsiveness
related to a CYP2C19 reduced-function allele are at an increased risk of cardiovascular events
when treated with clopidogrel and the prevalence of this clopidogrel unresponsiveness is not
uncommon, especially in Asians.[11, 12] In this case, ticlopidine can be an alternative, if neu-
tropenia is avoidable to some degree.[13, 14] The suggested cause of neutropenia is a toxic and
reactive metabolite of ticlopidine which is converted in activated neutrophil and its precursors.
[15] Gingko biloba extract, a reactive oxygen species scavenger, showed the potential to reduce
neutropenia when administered concomitantly with ticlopidine in a preclinical study.[16]

A combination drug of ticlopidine/Ginkgo biloba ext. (Yuclid) was developed since the
combination demonstrated an enhanced antithrombotic effect in both experimental and clini-
cal studies.[17-20] Ticlopidine/Ginkgo biloba ext. has been used as an anti-platelet agent for
prevention of vascular events since it was approved in Korea in 2008. The purpose of this
study is to investigate the safety of the ticlopidine/Ginkgo biloba ext combination in terms of
neutropenia through a large prospective post-marketing surveillance study in Korea.

Methods
Study population and sample size estimation

From March 2009 to October 2015, we conducted a post-marketing surveillance study on con-
secutive patients prescribed with a combination of ticlopidine/Ginkgo biloba ext. (250/80mg)
from 152 doctors in 89 institutions. This post-marketing surveillance study was approved by
Ministry of Food and Drug Safety, Republic of Korea and the Institutional Review Board of
the following participating hospitals: Ajou University Hospital, Bumin Hospital Busan, Bun-
dang Jesaeng Hospital, Catholic Kwandong University International St. Mary’s Hospital,
Changwon Fatima Hospital, Cheonan Chungmu Hospital, Chonbuk National University Hos-
pital, Chonnam National University Hospital, Chosun University Hospital, Chungbuk

PLOS ONE | https://doi.org/10.1371/journal.pone.0217723  June 5, 2019

2/11


https://doi.org/10.1371/journal.pone.0217723

@ PLOS|ONE

A post-marketing cohort study of ticlopidine/Ginkgo biloba extract combination drug

National University Hospital, Chungnam National University Hospital, Daedong Hospital,
Daegu Catholic Univ. Medical Center, Daegu Fatima Hospital, Daejeon Medical Center Eulji
University, Daejeon Sun Hospital, Dankook University Hospital, Donghea Dong In Hospital,
Eulji Medical Center Eulji University, Gachon University Gil Medical Center, Gangnam Sever-
ance Hospital, Gangneung Asan Hospital, Gyeongsang National University Hospital, Hanyang
University Medical Center, Inha University Hospital, Inje University Sanggye Paik Hospital,
Inje University Sanggye Paik Hospital, Jung Ang Hospital, Kangbuk Samsung Hospital, Kang-
won National University Hospital, Keimyung University Dongsan Medical Center, Konkuk
University Medical Center, Konyang University Hospital, Korea University Anam Hospital,
Korea University Guro Hospital, Kwangju Christian Hospital, Kyunghee University Medical
Center, Mokpo Hankook Hospital, Myongji Hospital, National Health Insurance Service Ilsan
hospital, Pusan National University Yangsan Hospital, Samsung Changwon Hospital, Seoul
National University Bundang Hospital, Seoul National University Hospital, Wonkwang San-
bon Hospital, Yeungnam University Medical Center, and Pyeongtaek International Hospital.
Written informed consent was obtained from the participants.

The null hypothesis was the combination of ticlopidine/Ginkgo biloba ext. had the same
incidence of neutropenia as ticlopidine alone, which was assumed to be 2.3% based on the
results of the TASS study[2]. Under the alternative hypothesis, the neutropenia incidence of
ticlopidine/Ginkgo biloba was assumed to be 1.3%. With the superiority margin of 1.8%, a
sample size of 3,880 patients would provide a power of 81% by a binomial test under one-tailed
significance level of 5%. This sample size could estimate the anticipated neutropenia incidence
of 2.3% with 95% confidence interval of 1.8% to 2.3% under the null hypothesis, and 1.3% with
95% confidence interval of 0.95% to 1.65% under the alternative hypothesis. Considering a
dropout rate of 20%, the final sample size was determined to be 4,850. Entry requirements
included transient ischemic attack/ischemic stroke, chronic peripheral arterial occlusion or
coronary artery disease. Patients with the following conditions were excluded: age less than 40,
a history of peptic ulcer or upper gastrointestinal bleeding, a history of life-threatening disease
including cancer, a history of hypersensitivity reaction to ticlopidine or Ginkgo biloba ext., or
those already taking ticlopidine. Information on demographics, comorbidities including
hepatic and renal disease, allergy, medications, alcohol consumption, and smoking were
collected.

Outcome assessments

The primary objective of this study was to examine the safety of ticlopidine/Ginkgo biloba ext.
by estimating the incidence of neutropenia at 3 months after starting the study drug. The sec-
ondary objective was to investigate the incidence of bleeding and other adverse events. Neutro-
penia is defined as an absolute neutrophil count (ANC) of less than 1200 per mm® and severe
neutropenia is defined as an ANC of less than 450 per mm®. Bleeding events were defined and
categorized into severe, moderate, and minor bleedings using the Global Use of Strategies to
Open Occluded Arteries (GUSTO) definitions.[21] Vascular events were defined as the occur-
rence of stroke (ischemic or hemorrhagic), myocardial infarction, or cardiovascular death.
The primary safety population were those who completed a 3-month laboratory test to mea-
sure ANC. The secondary safety population was those who were evaluated for bleeding events
and other adverse events.

Statistical analysis

We calculated the cumulative incidence of neutropenia at 3 months after taking ticlopidine/
gingko biloba ext. and its 95% CI. The difference in neutropenia incidence by age, sex, and
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treatment duration was assessed by Fisher’s exact or chi-square tests. In the secondary safety
population, the incidence of bleeding events and other adverse events was calculated. Sample
size was calculated using PASS 2005 software. Statistical analyses were performed using SAS
software version 8.2 (SAS Institute, Cary, NC, USA) and R version 3.5.1 (R Development Core
Team, Vienna, Austria). Two-sided P values of < 0.05 were considered statistically significant.

Sensitivity analysis

Based on a meta-analysis of four clinical trials evaluating the long-term use of ticlopidine, a
neutropenia incidence of ticlopidine at 3 months was estimated using a mixed-effect Poisson
regression model.[22] As a sensitivity analysis, 1) we added patients who were excluded
because their follow-up ANC tests were out of the predetermined window period (n = 503),
and 2) we imputed the neutropenia events in the study subjects, who were excluded from the
primary safety analysis due to no follow-up ANC test (n = 1178), using the point estimate of
neutropenia in the above meta-analysis, and calculated a cumulative incidence of neutropenia
in the entire population by adding these patients too.

Results

A total of 4839 cases were collected, of which 4831 (99.8%) met the inclusion/ exclusion crite-
ria. Among these 4831 patients, 696 (14.4%) discontinued treatment prematurely during the
3-month follow-up period. Major reasons for discontinuation were follow-up loss (n = 421,
60.5%) and adverse events (n = 119, 17.1%) (S1 Table). The primary safety evaluation was con-
ducted in 3150 (65.2%) cases after excluding 1681 (34.9%), who violated the prespecified crite-
ria of follow-up assessment (Table 1). The secondary safety evaluation was conducted in all the
eligible cases (n = 4831) (S1 Fig). Men were 52% and the mean age was 67.0 £ 10.6 year. The
major indication of ticlopidine/Ginkgo biloba ext. was transient ischemic attack or ischemic
stroke (82.9%). Most patients were treated in outpatient clinic settings (74.3%). A daily dose of
ticlopidine was 500 mg in 77.5% and 250 mg in 22.5% of patients. The number of patients tak-
ing the study drug over 90 days was 2,739 (67.5%) (S2 Table). Mean baseline ANC of these
patients was 4160 + 1690 per mm”.

The incidence of neutropenia, the primary safety outcome, was evaluated based on 3,150
patients (65.1%) who had the follow-up ANC test and completed the follow-up at the prespeci-
fied time point (from 3 months minus 2 weeks to 3 months plus 2 months). Nine patients
developed neutropenia (the case details are presented in S3 Table) and the estimated incidence
was 0.29% (95% CI; 0.13% to 0.54%). The severity of neutropenia was mild to moderate (450/
mm?’ < ANC < 1200/mm®) in 9 patients and there was no case with severe neutropenia
(ANC < 450/mm”) (Table 2). All episodes resolved after ticlopidine/ Ginkgo biloba ext. was
discontinued and there was no further related adverse event. The incidence of neutropenia
was not different by sex, age groups and duration of treatment (Table 3).

The bleeding event occurred in 25 patients (the estimated incidence, 0.52%; 95% CI, 0.34%
to 0.76%). The severity of bleeding events was mild in 19 patients (76%), moderate in 3 (12%),
and severe in 3 (12%) (Table 2). The incidence of bleeding events was higher in female than
male (male, 0.32% [95% CI, 0.14% to 0.63%]; female, 0.73% [0.43% to 1.17%]; p-value, 0.045),
but the majority was minor bleedings. The incidence of bleeding was highest in those with the
treatment duration of 30 to 59 days but was not different by age groups (S4 Table). A total of
425 adverse events (AE) occurred in 349 patients (7.22%); 42 serious AEs in 38 patients
(0.79%). The most frequent AE was dizziness (n = 29, 0.60%), followed by pruritus (n = 25,
0.52%), rash (n = 21, 0.43%), dyspepsia (n = 19, 0.39%), and nausea (n = 18, 0.37%). Regarding
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Table 1. Baseline characteristics.

Total Not eligible for primary safety evaluation Primary safety population p-value
(N =4831) (N =1681) (N =3150)
Sex <0.01
Male 2513 (52.0%) 816 (48.5%) 1697 (53.9%)
Female 2318 (48.0%) 865 (51.5%) 1453 (46.1%)
Age 67.0+£10.6 67.7+£10.8 66.7+10.5 <0.01
Indication
Peripheral artery disease 196 (4.1%) 80 (4.8%) 116 (3.7%) 0.08
TIA/Stroke 4017 (83.2%) 1409 (83.8%) 2608 (82.8%) 0.39
Coronary artery disease 681 (14.1%) 217 (12.9%) 464 (14.7%) 0.09
Physician Specialty <0.01
Thoracic surgery 80 (1.7%) 12 (0.7%) 68 (2.2%)
Cardiology 444 (9.19%) 89 (5.29%) 355 (11.3%)
Endocrinology 144 (3.0%) 104 (6.2%) 40 (1.3%)
Internal medicine 150 (3.1%) 30 (1.8%) 120 (3.8%)
Neurology 3679 (76.2%) 1355 (80.6%) 2324 (73.8%)
Neurosurgery 322 (6.7%) 80 (4.8%) 242 (7.7%)
Rehabilitation 12 (0.3%) 11 (0.7%) 1 (0.03%)
Care setting” 0.02
Outpatient 3591 (74.3%) 1259 (74.9%) 2332 (74.0%)
Inpatient 562 (11.6%) 214 (12.7%) 348 (11.0%)
Both 677 (14.0%) 207 (12.3%) 470 (14.9%)
Alcohol consumptiont 1046 (21.7%) 349 (20.8%) 697 (22.1%) 0.30
Smokingt <0.01
Non-smoker 3376 (70.0%) 1248 (74.4%) 2128 (67.6%)
Current smoker 847 (17.6%) 268 (16.0%) 579 (18.4%)
Ex-smoker 603 (12.5%) 162 (9.65%) 441 (14.0%)
Daily drug dose# <0.01
250mg/d 1077 (22.5%) 323 (19.5%) 754 (24.0%)
500mg/d 3717 (77.5%) 1329 (80.4%) 2387 (75.9%)

Values are meantstandard deviation or number (%).

*4 missing data.

+5 missing data.

+35 missing data, 125mg/d (n = 1) and 750mg/d (n = 1), presented with ticlopidine dose.

TIA = Transient ischemic attack

https://doi.org/10.1371/journal.pone.0217723.t001

vascular events, stroke occurred in 5 patients (4 ischemic stroke and 1 undetermined) and no
myocardial infarction or cardiovascular death occurred during the follow-up period.

We performed post hoc sensitivity analyses to examine the robustness of the study results

despite its high drop-out rate. A meta-analysis of the previous 4 ticlopidine trials showed that
the 3-month cumulative incidence of neutropenia was 2.19% [1.45% to 3.30%] (Fig 1A). When
adding the cases with the follow-up ANC test outside of the window period, the incidence of
neutropenia incidence was 0.41% [0.23% to 0.68%]. When the incidence of neutropenia in the
excluded patients due to no follow-up ANC test is assumed to be same with the result of a
meta-analysis, the neutropenia incidence at 3 months in the ticlopidine/Ginkgo biloba ext.
group was 0.85% [0.61% to 1.15%] (Fig 1B). The neutropenia incidences calculated with differ-
ent ANC cut-offs and the comparison to the previous studies are provided in S6 Table.
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Table 2. Incidence of neutropenia and bleeding events.

n (%) 95% CI
Neutropenia
No (ANC > 1200 mm®) 3141 (99.71) (99.46, 99.87)
Yes (ANC < 1200 mm?) 9(0.29) (0.13, 0.54)
Mild to moderate (450 mm?® < ANC < 1200mm?) 9 (0.29) (0.13, 0.54)
Severe (ANC < 450mm?) 0 (0.00) -
Bleeding events
No 4806 (99.48) (99.24, 99.66)
Yes 25 (0.52) (0.34, 0.76)
Severet 3 (12.00) (2.55,31.22)
Moderatet 3 (12.00) (2.55,31.22)
Mildt 19 (76.00) (54.87, 90.64)

ANC = absolute neutrophil count, CI = confidence interval

https://doi.org/10.1371/journal.pone.0217723.t1002

Discussions

We examined the incidence of neutropenia in patients who received the combination of ticlo-
pidine/Ginkgo biloba ext. through a post-marketing surveillance study. The majority of
patients were prescribed the study drug for secondary prevention of transient ischemic attack
or stroke. In the study subjects who taking the combination of ticlopidine/Ginkgo biloba ext.,
the incidence of neutropenia was 0.29% which was lower than the previous reports for ticlopi-
dine alone. There was no case of severe neutropenia in our study.

The incidence of neutropenia in patients taking ticlopidine was about 2.2% in the meta-
analysis of the previous 4 trials; the trial details are summarized in S5 Table.[1, 2, 23, 24] These
studies have some degree of heterogeneity regarding neutropenia incidence, largely because of

Table 3. Incidence of neutropenia by sex, age group and treatment duration <primary safety population>.

Neutropenia
Subgroups Cases N (%) 95% CI P-value
Sex 0.52
Male 1697 6(0.35) (0.13,0.77)
Female 1453 3(0.21) (0.04, 0.60)
Age group 0.26
40-49 209 1(0.48) (0.01, 2.64)
50-59 605 1(0.17) (0.00, 0.92)
60-69 938 5(0.53) (0.17, 1.24)
70-79 1089 1(0.09) (0.00, 0.51)
80 or more 309 1(0.32) (0.01, 1.79)
Duration 1.00
< 5 days 1 0(0) -
> 6 days, < 2 weeks 1 0 (0) -
> 2 weeks, < 30 days 2 0(0) -
> 30 days, < 60 days 8 0(0) -
> 60 days, < 90 days 696 2(0.29) (0.03, 1.03)
> 90 days 2052 7 (0.34) (0.14, 0.70)
Missing 390

https://doi.org/10.1371/journal.pone.0217723.t003
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i Study Event Patients Cumulative incidence, % [95% CI]
Gent 1989 [1] 4 525 —— 0.76 [0.21, 1.95]
Gorelick 2003 21 31 902 — 3.44[2.34, 4.88]
Hass 1989 2 35 1529 —— 2.29[1.59, 3.18]
Fukuuchi 2008 [20] 14 578 I 2.42[1.32, 4.06]
Poisson-Normal model ——— 2.18 [1.41, 3.35]

Q=11.65,df=3,p=0.01;|2= 67.8%

Cumulative incidence, %

(B)
Sensitivity analyses Event Patients Cumulative incidence, % [95% CI]
Primary result 9 3150 H— 0.29[0.13, 0.54]
+ outside of the follow-up period* 15 3653 HE 0.41[0.23, 0.68]
+ missing cases’ 41 4831 H 0.85[0.61, 1.15]

I | T | | 1
0 1 2 3 4 5

Cumulative incidence, %

Fig1. (A) meta-analysis of cumulative incidence of neutropenia by ticlopidine use and (B) sensitivity analyses of our results. * Inclusion of the
cases with the follow-up ANC test outside of the window period (n = 503).  Incidence of neutropenia in the cases with no follow-up ANC test
(n =1178) is assumed to be same with the result of a meta-analysis.

https://doi.org/10.1371/journal.pone.0217723.9001

differences in the definition of neutropenia among studies. The definition of neutropenia in
our study (ANC < 1200/mm?) was the same as the TASS trial.[2] While CATS[1] and TASS
trial[2] included more than 70% of Caucasian, Gorelick et al.[24] and Fukuuchi et al.[23] stud-
ied only African American and Japanese, respectively, but the occurrence of neutropenia in
patients taking ticlopidine does not seem to differ by race. Like the previous studies, the risk
factor for neutropenia was not determined and the incidence of neutropenia did not differ by
age, sex and duration of treatment in our study.

The dropout rate for the primary safety evaluation (neutropenia) was quite high. The major
cause of dropout was no follow-up visit at 3 months (n = 1016, 60.4%) or violation of the fol-
low-up period (n = 503, 29.9%). Premature discontinuation rate was not high compared to the
previous studies. The baseline characteristics were slightly different between the excluded
cases and the primary safety population, but there has been no known risk factor for to neutro-
penia upto now. However, the possible underestimation due to unselective follow-up loss or
healthy people bias is justifying post-hoc sensitivity analyses. The neutropenia incidence of the
dropped-out patients was replaced with a point estimate of the meta-analysis and the neutro-
penia incidence of the whole population was calculated. The point estimates of neutropenia
incidence in the primary safety population and the sensitivity analysis populations did not
exceed 1.3%, which was predetermined for sample size calculation, and even the upper
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Fig 2. Schematic representation of protective effects of Ginkgo biloba ext. for neutropenia induced by ticlopidine.

https://doi.org/10.1371/journal.pone.0217723.9g002

margins of their 95% CIs did not too, all of which are supporting the robustness of the results
of this study.

Ticlopidine may still be potentially useful in certain cases if the neutropenia could be avoid-
able. The subgroup studies of the TASS[2] suggested more beneficial effects of ticlopidine in
non-whites or minor stroke.[25, 26] Ticlopidine has not been thoroughly studied for efficacy
and safety for Asians who have higher resistance to clopidogrel than westerners. In the sub-
study of the Clopidogrel in High-Risk Patients with Acute Non-disabling Cerebrovascular
Events (CHANCE) trial, the combination of clopidogrel and aspirin did not reduce the risk of
a new stroke in the carriers of the CYP2C19 loss-of-function alleles which are especially preva-
lent in East Asians.[12, 27] Since the antiplatelet effect of ticlopidine is known to be unaffected
by the loss of function of CYP2C19,[14] ticlopidine needs to be reevaluated regarding the use-
fulness for patients with clopidogrel resistance in this era of precision medicine.

The potential mechanism of ticlopidine-induced neutropenia is a toxicity from a reactive
intermediate, Thiophene-S-chloride, formed by oxidation due to hydrogen peroxide or myelo-
peroxidase in activated neutrophils or neutrophil precursors (Fig 2).[15] The anti-oxidative
effect of Ginkgo biloba ext. gained attention due to its protective effect for neuronal death
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from oxidative stress in the brain.[28] Ginkgo biloba ext. has also been reported to reduce cel-
lular toxicity by reactive oxygen species in various immune cells.[29-32] In a preclinical study,
the combination of ticlopidine and Ginkgo biloba ext. reduced the bone marrow toxicity and
the neutropenia induced by ticlopidine,[16] which may be associated with the findings of the
current study.

A few things should be clarified for the interpretation of this study. The drop-out rate of
patients in this study was quite high, which was inevitable in a post-marketing surveillance
study.[33] Due to the structural problems of the Korean healthcare system, Koreans have a low
utilization rate of a usual source of medical care and doctor shopping is quite common, which
may have caused frequent follow-up losses during the surveillance.[34] The high drop-out rate
could cause healthy people bias, risk factor imbalance, unselective follow-up loss related to
neutropenia occurrence, and finally underestimation of the neutropenia incidence in this
study. However, the sensitivity analyses that conservatively estimated the neutropenia inci-
dence in excluded cases did not significantly alter the results. This study should be considered
as just generating a hypothesis, and a randomized controlled trial is required for confirming
the results. The results of blood tests were collected twice (baseline and 3 months), which was
less frequent than other studies, may also have caused underestimation.

In this post-marketing surveillance-based study, ticlopidine/Ginkgo biloba ext. showed a
tolerable range of neutropenia incidence which is lower than expected in ticlopidine alone. If
the enhanced safety of ticlopidine/Ginkgo biloba ext. is confirmed, ticlopidine/Ginkgo biloba
ext. can be used as an alternative for patients with clopidogrel resistance, especially for Asians.
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