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Abstract

Introduction: Cilostazol may be a novel therapeutic agent for Alzheimer’s disease. Its

metabolite, OPC-13015, has a stronger inhibitory effect on type 3 phosphodiesterase

than cilostazol.

Methods:Weprospectively enrolled patientswithmild cognitive impairment towhom

cilostazol was newly prescribed. Patients underwent the Montreal Cognitive Assess-

ment (MoCA) twice, at a6-month interval. Plasmacilostazol,OPC-13015,OPC-13213,

and OPC-13217 concentrations were determined using liquid chromatography-

tandemmass spectrometry.

Results:MoCA score changes from baseline to the 6-month visit were positively cor-

relatedwith ratios of OPC-13015 to cilostazol and total metabolites (n= 19, P= .005).

Patients with higher ratios of OPC-13015 (≥0.18, median value; n = 10) had signifi-

cantly higher MoCA scores (P= .036) than patients with lower ratios (the ratio <0.18,

n = 9). The absolute value of OPC-13015 concentration in blood was also higher in

patients with preserved cognitive function (P= .033).

Discussion:BloodOPC-13015 levelsmay be a predictive biomarker of cilostazol treat-

ment for Alzheimer’s disease.

KEYWORDS
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1 BACKGROUND

Alzheimer’s disease (AD) is the most common type of dementia and

is characterized by neuropathological changes such as extracellular

amyloid beta (Aβ) plaques and intracellular tau tangles. An excess pro-
duction of Aβ protein, caused by mutations in the amyloid precursor

protein (APP) gene, can induce familial cases ofAD. In contrast, growing

evidence indicates that the removal rate of Aβ is impaired in sporadic
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AD. Thus a novel therapy that promotes Aβ clearance from the brain is

needed.1,2

Intramural periarterial drainage (IPAD) is one of themajor clearance

systems of Aβ.3 Interstitial fluid and solutes in the extracellular matrix,

including Aβ, enter IPAD pathways within the basement membranes

of capillaries, continue to the basement membranes surrounding

smooth muscle cells (SMCs) of intracerebral arteries, and finally lead

to the cervical lymph nodes.3 We previously reported that cilostazol
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RESEARCH INCONTEXT

1. Systematic review: Soluble amyloid beta (Aβ) drains from
the brain along basement membranes in the walls of

arteries; such drainage is impaired in Alzheimer’s dis-

ease (AD). Cilostazol, a selective inhibitor of type 3 phos-

phodiesterase, can facilitate the clearance of Aβ. OPC-

13015, the activemetabolite of cilostazol, has a five times

stronger inhibitory effect on type 3 phosphodiesterase

than cilostazol.

2. Interpretation: High blood levels of OPC-13015, but not

the othermeasuredmetabolites, were strongly related to

a favorable response to cilostazol in patients with mild

cognitive impairment (MCI). This suggests that the con-

version from cilostazol to OPC-13015 may promote its

disease-modifying effects for AD.

3. Future directions: Based on a drug-repositioning

approach, the clinical application of cilostazol for MCI is

now aimed at a phase-II clinical trial. Blood OPC-13015

levels may be a predictive biomarker of cilostazol treat-

ment,whichwould facilitate precision/stratifiedmedicine

in AD.

HIGHLIGHTS

∙ Cilostazol facilitates brain amyloid beta (Aβ) clearance and
ameliorates Alzheimer’s disease (AD)

∙ We measured blood levels of OPC-13015, an active

metabolite of cilostazol

∙ High OPC-13015 levels were related to a favorable

response to cilostazol in mild cognitive impairment (MCI)

∙ BloodOPC-13015 levelsmay be a predictive biomarker of

cilostazol treatment

∙ Our findingsmay facilitate precision/stratifiedmedicine in

AD

(OPC-13013) facilitates Aβ clearance via IPAD, resulting in the ame-

lioration of Aβ deposition and cognitive impairments in APP transgenic

mice.4 Cilostazol is a selective inhibitor of type 3 phosphodiesterase

(PDE-3) and is clinically available as an anti-platelet drug for the

prevention of ischemic stroke in East Asia.5 On the basis of a drug-

repositioning strategy, which is a process aimed at discovering new

therapeutic drugs from existing drugs in a clinical setting,6 a clinical

application of cilostazol for AD is expected.5 Several clinical investi-

gations have reported the beneficial effects of cilostazol on cognitive

impairment,5,7,8 including a nationwide cohort study.9 Two clinical tri-

als for patients with mild cognitive impairment (MCI) and small vessel

disease are currently being conducted in Japan and the UK.5,10

Cilostazol is metabolized predominantly in the liver. Among

its 11 known metabolites, the major metabolites include 3,4-

dehydrocilostazol (OPC-13015) and 4′-trans-hydroxycilostazol
(OPC-13213) (Figure 1).11 In rats, 4-cis-hydroxycilostazol (OPC-

13217) is also detected in the blood, but the levels of OPC-13217

are relatively low in humans.11 A specific conversion from cilostazol

to OPC-13015 or OPC-13213 is associated with polymorphisms of

the cytochrome P450 (CYP)2C19 and CYP3A5 genes.12 OPC-13015

possesses an inhibitory effect on PDE-3 that is approximately five

times stronger than that of cilostazol, whereasOPC-13213 has amuch

weaker effect than cilostazol.13,14

On the basis of these previous findings, we hypothesized that the

specific conversion from cilostazol to OPC-13015, rather than OPC-

13213, might be associated with the amelioration of cognitive impair-

ment. Herein, we measured the levels of cilostazol metabolites in

patients with MCI. The aim of this study was to reveal whether blood

OPC-13015 levels can be used as a predictive biomarker for cilostazol

treatment in AD andMCI.

2 METHODS

2.1 Study design

This prospective study was conducted at the National Cerebral and

Cardiovascular Center in Japan. The local ethics committee approved

the study protocol (M30-136). We enrolled consecutive patients who

fulfilled the following five criteria: (1)MCIwasdiagnosed in accordance

with the core clinical criteria stated in the National Institute on Aging-

Alzheimer’s Association (NIA/AA) classification for MCI15; (2) overall

Clinical Dementia Rating (global CDR) score was 0.5; (3) cilostazol was

newly prescribed for the purpose of preventing ischemic stroke; (4)

written informed consent was provided; and (5) cognitive impairment

was not caused solely by cerebrovascular disease (ie, pure vascular

MCI was excluded).

2.2 Clinical characteristics and psychological
testing

Clinical information was collected from patients’ medical records.

Patients’ ages were recorded when blood sampling was performed to

measure cilostazol and its metabolites. Low educationwas defined as a

high school diplomaor less.Magnetic resonance imaging (MRI) and lab-

oratory findings nearest to the time of blood sampling were described.

The CDRwas based on a semi-structured interviewwith the patient

and a caregiverwho could provide an index of global functioning.16 The

rater scored the patients in each of six cognitive domains (memory, ori-

entation, judgment and problem solving, community affairs, home and

hobbies, and personal care). We measured the global CDR score and

the CDR Sum of Boxes (CDR-SB). The global CDR was scored using

the rule reported by Morris,16 and the CDR-SB was the total of each

domain score.17

The Montreal Cognitive Assessment (MoCA) is a brief cognitive

screening tool for patients with MCI. It assesses short-term memory,

visuospatial abilities, executive functions, attention, concentration and
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F IGURE 1 Chemical structural formulae of cilostazol and its metabolites. Themajor metabolites of cilostazol (OPC-13013) are
3,4-dehydrocilostazol (OPC-13015) and 4′-trans-hydroxycilostazol (OPC-13213). In rats, 4-cis-hydroxycilostazol (OPC-13217) is also detected in
the blood, but OPC-13217 levels are relatively low in humans. Because of the difficulty of measuring the concentrations of OPC-13213 and
OPC-13217 separately, the total amounts of OPC-13213 andOPC-13217were estimated in this study

working memory, language, and orientation to time and place.18 In this

study, the Japanese version of the MoCA19 was performed twice for

each patient by one trained psychologist (M.Y.) who was blinded to the

clinical information. The first MoCA, taken before starting cilostazol

treatment, was used for the baseline evaluation; the follow-up MoCA

was examined 6 months later. We defined “cognitive preservation” as

no exacerbation from the baseline to the follow-upMoCA.

2.3 MRI evaluation

Either 1.5 T (Magnetom Sonata; Siemens Medical Solutions, Erlangen,

Germany) or 3.0 T (MagnetomVerio or Spectra; SiemensMedical Solu-

tions) scanners were used. Lacunar infarcts and white matter hyper-

intensities were evaluated using fluid-attenuated inversion recovery

(FLAIR) images. Lacunar infarcts were defined as rounded or ovoid

hypointense lesions of 3 to 20mm in diameter, with a hyperintense rim,

and occurred in the basal ganglia, thalamus, internal and external cap-

sule, centrum semiovale, and brainstem. Periventricular hyperintensi-

ties (PVHs) and deep white matter hyperintensities (DWMHs) were

scored using the Fazekas scale.20 These changes were analyzed using

T1- and T2-weighted images in one patient, because of missing FLAIR

data. Cerebral microbleeds were defined as rounded, hypointense foci

up to 10 mm in diameter on T2*-weighted images.21 The diagnosis of

probable or possible cerebral amyloid angiopathy (CAA) were estab-

lished using themodified Boston criteria.22

2.4 Measurements of the levels of cilostazol and
its metabolites

Within 7 days after blood collection, we measured the plasma con-

centrations of cilostazol, OPC-13015, OPC-13213, and OPC-13217

using liquid chromatography-tandemmass spectrometry (LC-MS/MS),

which consisted of a Nexera ultra-high-performance liquid chro-

matograph (Shimadzu Corporation, Kyoto, Japan) and an LCMS-

8040 triple quadrupole mass spectrometer (Shimadzu Corporation).

Patients’ plasma was stored at −20◦C until the measurement. The

metabolite stability was confirmed before this measurement. Cilosta-

zol, cilostazol-d11, methanol, ultrapure water, and formic acid were

purchased from FUJIFILM Wako Pure Chemical Corporation (Osaka,

Japan). TheOPC-13015,OPC-13213, andOPC-3930were fromSanta

Cruz Biotechnology, Inc. (Dallas, TX, USA). The OPC-13217 was from

Toronto Research Chemicals, Inc. (Ontario, Canada).

After adding three times the volume of the internal standard

solution (10 ng/mL of cilostazol-d11 and 10 ng/mL of OPC-3930 in

methanol) into the plasma, the sample was vortexed and centrifuged

at 20,000 g for 5minutes.We then applied 0.5 μL of the supernatant to
the LC-MS/MS system. Chromatographic separation was performed

on a Mastro C18 column (100 × 2.1 mm, 3 μm; Shimadzu GLC Ltd.,

Tokyo, Japan) at a flowrate of 0.3 mL/min at 40◦C. The mobile phase

consisted of a gradient of (A) water and (B) methanol, both containing

0.1% formic acid, as follows: 0.0 to 0.5minutes, 30% (B); 0.5 to 2.0min-

utes, 30% to 65% (B); 2.0 to 4.0 minutes, 65% (B); 4.0 to 6.5 minutes,

30% (B). Samples were then ionized using the following conditions:

nebulizing gas flow, 3 L/minute; drying gas flow, 15 L/minute; des-

olvation line temperature, 250◦C; heat block temperature, 400◦C.

The mass spectrometer was operated in the positive electrospray

ionization mode using multiple reaction monitoring (MRM). The mass

transition pairs (m/z) were 370.20→ 288.15 for cilostazol, 368.20→

125.10 for OPC-13015, 386.20 → 288.20 for OPC-13213 and OPC-

13217 (OPC-13213/13217), 381.20 → 289.20 for cilostazol-d11,

and 354.10 → 111.20 for OPC-3930. We confirmed that synthetic

cilostazol, OPC-13015, and OPC-13213/13217 were not detected in

the settings for the measurements of the other compounds (Figure 2).

The measurement of cilostazol and its metabolites was independently

conducted by one researcher (K.S.) who was blinded to the clinical

information.
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F IGURE 2 Measurements of the levels of cilostazol and its metabolites. Representative chromatograms of cilostazol, OPC-13015, and
OPC-13213/13217 in cilostazol standard solution (A-C), OPC-13015 standard solution (D-F), or blood samples from a subject receiving cilostazol
(G-I). The peak for cilostazol was detected in (A), but was not detected using the settings for themeasurement of OPC-13015 (B) or
OPC-13213/13217 (C). The peak for OPC-13015was detected in (E), but was not detected using the settings for themeasurement of cilostazol
(D) or OPC-13213/13217 (F). Cilostazol (G), OPC-13015 (H), andOPC-13213/13217 (I) were detected in blood samples from a subject receiving
cilostazol. MRM,multiple reactionmonitoring

It was difficult to accurately measure the levels of OPC-13213

and OPC-13217 separately. Thus the levels of OPC-13213 and OPC-

13217 were estimated in this study. We defined the “cilostazol ratio,”

“OPC-13015 ratio,” and “OPC-13213/13217 ratio” as the proportion

of each molecule to the total amount of cilostazol, OPC-13015, OPC-

13213, andOPC-13217.

2.5 APOE genotyping

Genotyping of the apolipoprotein E (APOE) gene was performed using

a fully automated gene analysis system (GTS-7000, Shimadzu). This

system allows the direct detection of single-nucleotide polymorphisms

(SNPs) from 1 μL of whole blood samples using polymerase chain

reaction.23 Weassessed twoSNPs, rs429358and rs7412,whichdeter-

mine theAPOE ε allele. TheAPOE ε2allelewas recognizedby rs429358-
T and rs7412-T, the APOE ε3 by rs429358-T and rs7412-C, and the

APOE ε4 by rs429358-C and rs7412-C.24 The primer sequences

for rs429358 and rs7412 were 5′-CAAGGAGCTGCAGGCGG-
3′ (forward) and 5′-CAGCTCCTCGGTGCTCTG-3′ (reverse) are

one pair. 5′- CGCAAGCTGCGTAAGCG-3′ (forward) and 5′-
CGCGGATGGCGCTGAG-3′ (reverse) are another pair. The probe

sets were 5′-GGACGTGTGCGGCCG-3′ for rs429358-T, 5′- GGACGT-
GCGCGGCCG -3′ for rs429358-C, 5′-CTGCAGAAGCGCCTGGC-3′
for rs7412-C, and 5′-CTGCAGAAGTGCCTGGC-3′ for rs7412-T.

2.6 Statistical analyses

Unless otherwise noted, the data are presented as the mean and SD

or as the median (interquartile range) for continuous variables, and as

numbers and percentages for categorical variables. Continuous vari-

ables were compared using the Student t test orMann-WhitneyU test,

as appropriate. Categorical variables were compared using Fisher’s
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F IGURE 3 Study design. CDR, Clinical Dementia Rating;MoCA,
Montreal Cognitive Assessment

exact test. Spearman rank correlation coefficients were calculated to

test associations between two variables. Two-way repeated measures

analysis of variance (ANOVA) was used for the comparison of longi-

tudinal data. All analyses were performed using SPSS version 26 (IBM

Corp., Armonk, NY, USA). A P-value < .05 (two-tailed) was considered

statistically significant.

2.7 Data availabi l ity statement

Raw data were preserved at the National Cerebral and Cardiovascular

Center. The derived data supporting the findings of this study are avail-

able from the corresponding author on request.

3 RESULTS

BetweenOctober 1, 2017 and January 31, 2020, at total of 30 subjects

were screened for study entry, and 24 were enrolled after providing

informed consent (Figure 3). Of these, twowithdrew their consent and

one discontinued the cilostazol treatment. Two were further excluded

because no cilostazol was detected in the blood. We thus analyzed 19

patients in this study.

The blood levels of cilostazol and its metabolites varied in each

subject and were not correlated with the time from the last dose to

blood sampling (Figure 4). Most of the subjects received 100 mg per

day of cilostazol for 6 months, although two subjects received 200 mg

per day of cilostazol. We therefore estimated the ratio of cilostazol to

the total amount of cilostazol and its three metabolites, OPC-13015,

OPC-13213, and OPC-13217. In addition to the “cilostazol ratio,” the

“OPC-13015 ratio” and “OPC-13213/13217 ratio” were also calcu-

lated by dividing each level by the total amount of cilostazol and its

three metabolites. The dose of cilostazol remained unchanged during

the observation period for each patient.

We divided patients into two groups on the basis of the median

of the OPC-13015 ratio (0.18). The group with higher OPC-13015

ratios (≥0.18; n = 10) was compared with the group with lower

ratios (<0.18; n = 9) for baseline data and the response to cilostazol.

Both groups exhibited similar clinical characteristics (Table 1). There

was one homozygous ε4/ε4 carrier in each group. In the MRI results,

a previous intracerebral hemorrhage in the left parietal lobe was

observed in one patient from the lower OPC-13015 group. No large

infarcts were identified. Laboratory tests showed comparable results

regarding liver and renal function. The cilostazol ratio was lower in the

higherOPC-13015 group comparedwith the lowerOPC-13015 group.

In the higher OPC-13015 group, the median (interquartile range)

score in theMoCAwas preserved from19.5 (16.8‒21.3) points at base-
line to 19.5 (17.8‒21.5) at follow-up. In contrast, these scores deteri-

orated from 17.0 (15.0‒19.5) to 16.0 (14.5‒17.5) in the lower OPC-

13015 group (Figure 5A); this difference was significant (P = .036).

The changes in MoCA scores from baseline to follow-up in all patients

showeda strongpositive correlationwith theOPC-13015 ratio (Spear-

man’s rho=0.617, P= .005, Figure 5B). The cilostazol ratiowas slightly

lower in patients with cognitive preservation than in those without

cognitive preservation (P = .051) (Figure 5C). Furthermore, the OPC-

13015 ratio was significantly higher in patients with cognitive preser-

vation (P = .005), but OPC-13213/13217 was not significantly differ-

ent (Figure 5D,E). Notably, the absolute value of the OPC-13015 con-

centration in the blood was also significantly higher in patients with

cognitive preservation than in those without cognitive preservation

(335.0 ng/mL [242.0‒516.0] vs 225.5 ng/mL [145.3‒271.3], P = .033),

but the absolute values of cilostazol (1025.0 ng/mL [902.0‒1257.0]
vs 828.0 ng/mL [755.5‒1169.8], P = .351) and OPC-13213/13217

(208.0 ng/mL [141.0‒286.0] vs 184.0 ng/mL [137.3‒261.8], P = .717)

were not significantly different between the two groups. No patients

had a stroke event or conversion from MCI to dementia during the

observation period.

4 DISCUSSION

In this prospective study examining cognitive function in MCI patients

receiving cilostazol, we revealed that higher scores on theMoCAwere

associatedwith a significantly increased ratio ofOPC-13015 to cilosta-

zol and its metabolites in the blood. That is, the OPC-13015 ratio was

higher in patients with cognitive preservation than in those without

cognitive preservation. Both the increase in the OPC-13015 level and

the decrease in the cilostazol or OPC-13213/13217 levels might con-

tribute to the highOPC-13015 ratio. However, only the absolute value

of OPC-13015 was significantly increased in patients with cognitive

preservation, suggesting that an increased level ofOPC-13015 ismore

strongly associated with cognitive preservation than the levels of the

other metabolites. The mean ratio of OPC-13015 in all participants

in the present study was similar to that of previous pharmacokinetic

reports in healthymale volunteers.25,26
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F IGURE 4 Scatter plots showing the levels of cilostazol andmetabolites. Time between the last dose and blood sampling was not associated
with the levels of cilostazol (A, Spearman’s rho=−0.059), OPC-13015 (B, Spearman’s rho= 0.083), or OPC-13213 andOPC-13217
(OPC-13213/13217) (C, Spearman’s rho=−0.026) in patients receiving 100mg (filled circles) or 200mg (filled squares) per day of cilostazol.
Large individual differences were observed in the concentrations of cilostazol and its metabolites

F IGURE 5 Amelioration of cognitive impairment was related to highOPC-13015 levels. A, Mean scores in theMontreal Cognitive Assessment
(MoCA) were increased in the higher OPC-13015 group (filled circles, n= 10) comparedwith the lower group (filled squares, n= 9). Two-way
repeated-measures analysis of variance; error bars indicate the standard errors. B, The ratio of OPC-13015 to total analytes was positively
correlated with the changes inMoCA from baseline to follow-up (n= 19, Spearman’s rho= 0.617). C-E, Box-and-whisker plots showing the
median, quartiles, maximum, andminimum of the ratio of cilostazol and its metabolites. Mann-WhitneyU test. The cilostazol ratio was slightly
lower in patients with cognitive preservation (n= 11; change inMoCA from baseline to follow-up≥ 0) comparedwith those without cognitive
preservation (n= 8; change inMoCA from baseline to follow-up< 0) (C). TheOPC-13015 ratio was significantly higher in patients with cognitive
preservation (D), whereas theOPC-13213/13217 ratio was not significantly different between the two groups (E)
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TABLE 1 Clinical characteristics

OPC-13015a

Variables All (n= 19) ≥0.18 (n= 10) <0.18 (n= 9) P-value

Age (years) 77.8± 4.7 78.3± 4.6 77.2± 5.0 .631

Male, n (%) 13 (68) 6 (60) 7 (78) .628

Low education, n (%) 10 (53) 7 (70) 3 (33) .179

APOE genotype, n (%) 1.000

E2/E3 1 (5) 1 (10) 0 (0)

E3/E3 9 (47) 5 (50) 4 (44)

E3/E4 7 (37) 3 (30) 4 (44)

E4/E4 2 (11) 1 (10) 1 (11)

CDR-Global 0.5 (0.5‒0.5) 0.5 (0.5‒0.5) 0.5 (0.5‒0.5) 1.000

CDR-SB 2.5 (2.0‒3.5) 2.3 (1.9‒3.1) 3.5 (2.0‒3.8) .182

Lacunar infarcts, n (%) 10 (53) 6 (60) 4 (44) .656

PVH 1.0 (1.0‒2.0) 1.0 (1.0‒3.0) 1.0 (1.0‒2.0) .661

DWMH 2.0 (1.0‒3.0) 1.0 (0.8‒2.3) 2.0 (1.5‒3.0) .156

CMB, n (%) 8 (42) 4 (40) 4 (44) 1.000

CAA, n (%) .777

Probable CAA 3 (16) 1 (10) 2 (22)

Possible CAA 2 (11) 1 (10) 1 (11)

AST 24.0 (20.0‒28.0) 26.0 (20.5‒30.0) 23.0 (19.5‒26.0) .243

ALT 16.0 (12.0‒21.0) 16.5 (11.8‒21.5) 16.0 (12.5‒21.5) .905

γ-GTP 22.0 (20.0‒31.0) 22.0 (20.8‒28.8) 24.0 (17.0‒37.5) .661

eGFR 57.9 (50.3‒70.0) 56.3 (48.3‒62.7) 70.0 (50.9‒75.8) .182

Dose of cilostazol, n (%) 1.000

200mg/day 2 (11) 1 (10) 1 (11)

100mg/day 17 (90) 9 (90) 8 (89)

Cilostazola 0.65 (0.60‒0.72) 0.61 (0.52‒0.65) 0.72 (0.66‒0.73) .001

OPC-13015a 0.18 (0.15‒0.27) 0.26 (0.21‒0.34) 0.15 (0.14‒0.16) <.001

OPC-13213/13217a 0.14 (0.12‒0.18) 0.13 (0.11‒0.19) 0.14 (0.13‒0.18) .356

Data represent the mean ± standard deviation, median (interquartile range), or number (percentage). Student’s t, Mann-Whitney U, or Fisher’s exact tests
were used appropriately.

ALT, alanine aminotransaminase; AST, aspartate aminotransaminase; CAA, cerebral amyloid angiopathy; CDR-SB, Clinical Dementia Rating-Sum of Boxes;

CMB, cerebral microbleeds; DWMH, deep white matter hyperintensity; eGFR, estimated glomerular filtration rate; γ-GTP, γ-glutamyl transferase; PVH,

periventricular hyperintensity.
aThe ratio of themolecule to the total amount of cilostazol and its metabolites.

The brain was not previously believed to contain lymphatic ves-

sels, but two recent investigations have illustrated the presence of

lymphatic vessels within the meninges surrounding the cerebrum.27,28

The ablation of meningeal lymphatic vessels aggravates Aβ accumu-

lation, suggesting that promoting intracranial lymphatic systems may

be a potential therapeutic approach for AD.29 IPAD is an alternative

mechanism of lymphatic function in the brain parenchyma and plays

a pivotal role in the elimination of waste products secreted from neu-

rons and glia.30 Its importance has been demonstrated in clinical tri-

als of Aβ immunization. InAN-1792-vaccinatedADpatients, parenchy-

mal Aβ plaques were diminished, whereas cerebrovascular Aβ accu-

mulation was increased.31 This finding may be partially explained by

the excessive antibody-solubilized senile plaque Aβ that is redeposited
in the cerebral vasculature, as well as impaired Aβ clearance through

IPAD,32 demonstrating the necessity of promoting IPAD.2 Because the

driving force of IPAD is the spontaneous contraction and relaxation

of cerebrovascular SMCs,33,34 several approaches have been proposed

to modulate vasomotion,3 including the stimulation of α1A adrener-

gic receptors35 and the inhibition of PDE-3.4,36 An amelioration of

cerebrovascular Aβ accumulation by cilostazol treatment has been

demonstrated in severalADmodelmouse lines.4,36 VascularAβ impairs

vasodilation,37 whereas cilostazol exerts its vasodilatory effects by

increasing cAMP levels in vascular SMCs.38 Cerebrovascular Aβ accu-
mulation in AD patients is positively correlated with PDE-3 expression
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in the vessel walls, whichmay be associatedwith impaired IPAD.4 Thus

a strong inhibitory effect of OPC-13015 on PDE-314 may result in the

facilitation of IPAD.

Several limitations to the present study should be described. First,

we enrolled MCI patients for whom cilostazol was newly prescribed

for clinical purposes. Subsequently, all patients had mild cerebrovas-

cular disease, such as lacunar infarcts. It might therefore be difficult

to apply the current findings to patients without cerebrovascular dis-

ease. However, cerebrovascular disease has been demonstrated pre-

viously in the majority of patients with cognitive impairment, espe-

cially in older patients.39 Second, the limited number of casesmay have

affected the results of this study. In particular, the subgroup analysis

should be interpretedwith caution, and a large-scale prospective study

iswarranted. Third, thedrug responsewasdeterminedby the change in

MoCA score over a 6-month interval, which is a relatively short period.

A longer follow-up should be conducted in future studies.

In conclusion, the conversion from cilostazol to OPC-13015 was

associated significantly with an amelioration of cognitive impairment.

The grouping of patients basedon the results of biomarkersmight facil-

itate more targeted treatment; this is known as stratified or precision

medicine.40 The OPC-13015 level is thus expected to be a useful pre-

dictive biomarker of cilostazol treatment for dementia.
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