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Abstract \\
Objective: The aim of our study was to assess the efficacy and safety of sarpogrelate hydrochloride by comparing the effects of |
sarpogrelate with conventional treatment on the improvement of symptoms in PAD patients.

Methods: The search was conducted in PubMed, Embase, Cochrane library database, CNKI, CBM for relevant randomized
controlled trials (RCTs) before January 1st, 2019. Inclusion and exclusion of studies, assessment of quality, outcome measures, data
extraction and synthesis were completed by two reviewers independently. The meta-analysis was performed with RevMan 5.3.

Results: Totally, 12 eligible RCTs were included in our analysis. Comparing the results of sarpogrelate group and control group,
sarpogrelate significantly improved ankle-brachial index (ABI) levels (SMD=0.05, [95%CI 0.20 to 0.74, P=.0005]), dorsalis pedis
artery blood flow (MD=0.16, [95%CI 0.09 to 0.23, P <.001]) and pain-free walking distance (PFWD) (MD=201.86, [95%CI 9.34 to
394.38, P=.04]). The pooled analysis showed that a significant decrease in hsCRP (MD=-0.57, [95%Cl -1.12 t0 -0.02, P=.04]) and
IL-6 (MD=1.48,[95%CI 0.39 to 2.56, P=.008]) was observed in the sarpogrelate treatment.

Conclusion: Sarpogrelate was effective for improving the symptoms of PAD and showed good tolerability without significant
adverse events.

Abbreviations: ABI| = ankle-brachial index, CLI = critical limb ischemia, hsCRP = hypersensitive C-reactive protein, IL-6 =
interleukin-6, MD = mean difference, PAD = peripheral arterial disease, PFWD = pain-free walking distance, RCT = randomized

controlled trials, SMD = standardized mean difference.
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1. Introduction

Peripheral arterial disease (PAD) was the main manifestation of
atherosclerosis.!!! Peripheral artery occlusion can reduce blood
flow in limbs to cause rest pain. Globally, PAD had an estimated
prevalence of approximately 3% to 10%, increasing to 15% to
20% in people over 70s.*3! The symptom tended to be worse
and had serious complications, including intermittent claudica-
tion, diabetic foot and even critical limb ischemia (CLI).[**!
Without effective treatment, the risk of amputation and mortality
hugely increased.'®”! Also, there existed unsatisfactory post-
operation for CIL patients. The rate of atherosclerotic restenosis
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was high after the operation. Now, the drugs such as
anticoagulants, thrombolytics, antiplatelet drugs were commonly
used to relieve symptoms of PAD patients.!®!

Sarpogrelate hydrochloride, as a serotonin receptor antago-
nist, was recommended for improving ischemic changes by
inhibiting thrombosis and vasoconstriction in recent years.” 1!
By blocking serotonin receptors, sarpogrelate inhibited platelet
aggregation and induced vasodilation as well as reducing
vascular endothelial cell damage without affecting normal
tissue.'>13 However, the application of sarpogrelate may lead
to a series of adverse reactions, such as liver dysfunction, allergic
reactions, and gastrointestinal reactions.’'*!

Although sarpogrelate had been well promoted, the applica-
tion of sarpogrelate was controversial because of the poor quality
of the literature and the lack of reliable data. It was necessary to
accurately assess the efficacy and safety of sarpogrelate.
Therefore, we performed meta-analysis by comparing sarpogre-
late with conventional therapy for PAD. Furthermore, we also
analyzed adverse events of sarpogrelate over the data.

2. Methods

2.1. Literature search

A systematic literature search was conducted in PubMed,
Embase, Cochrane library database, CNKI, CBM. All relevant
publications, published before January 1, 2019, were included.
The following search terms were used: “sarpogrelate,” “MCI-
9042” “Anplag,” “PAD,” “Intermittent claudication,” “Deep
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vein thrombosis,” “Arteriolar occlusion,” “Skin microvascular
lesions,” “Diabetic foot,” “vasculitis angiitis,” “Arteriosclerosis
obliterans”. Reference lists of the previous meta-analysis and
systematic reviews and primary articles were included. The
language was not limited in our study.

2.2. Inclusion and exclusion criteria
Eligible Studies should meet the following criteria:

1. Type of studies was randomized controlled trials.

2. Participants were adults with peripheral vascular disease.

3. The intervention in the experimental group was sarpogrelate
and one placebo or another conventional drug as a control
group.

4. There was no difference in diet between the experimental
group and the control group.

5. They had clear outcome indicators.

The criteria for exclusion were as follows:

1. The experimental group used other drugs in addition to
sarpogrelate.

2. Participants had other serious diseases which may affect the
results of the experiment.

3. The follow-up period was less than four months.

4. Animals studies.

2.3. Assessment of quality

The following evaluated item in bias analysis of RCTs had been
taken into consideration: the allocation method was random or
not, studies used blinding and whether they had been destroyed,
whether secrecy of distribution plan was perfect, whether the
experimental results had selective reports and other bias. The
grade of quality was “high”, “low”, or “unclear”.

2.4. Outcome measures and data extraction

All data evaluated by 2 authors independently. Data extraction
forms, based on experimental design, contained the following
information: primary information of study (name of first author,
sample size), baseline characteristics of the patients (sex, mean
age, country, type of disease), design of study (control group,
dose, control drug, follow-up time), risk of bias assessment (blind
method). The primary outcome was ABIL, DAV, and PFWD. IL-6
and hsCRP were secondary outcomes.

2.5. Statistical methods

Meta-analysis was conducted with RevMenS5.3, provided by the
Cochrane Collaboration. A continuous variable was reported as
mean difference (MD) or standardized mean difference (SMD).
The Cochran’s Q-statistic and I tests were used to evaluated
heterogeneity. We used a random effect model when heterogene-
ity existed (I* values > 50%). On the contrary, a fixed effect
model performed when heterogeneity analysis results showed low
risk (I* values <50% or P value < .10).

2.6. Ethics statement

All analyses were based on previous published studies, thus no
ethical approval and patient consent are required.
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3. Results

3.1. Literature search results

A total of 209 possibly relevant articles were identified and
reviewed. This flow chart in Figure 1 showed the whole process of
literature filtering. Sixty-six studies were excluded due to
duplicates and 107 were eliminated after reviewing the titles
and abstracts. Of the study screening, the full text of 23 studies
was assessed and 12 RCTs met the inclusion criteria (Fig. 1).
Eventually, 12 RCTs!"*°! were included in our meta-analysis
(Table 1).

3.2. Characteristics of included trails

The patient characteristics and experimental design features in
each article were shown in Table 1. Twelve RCTs included 988
cases. Seven trails were from China. Three trails were from
Japan, one was from Korea and the other one trail was from
Europe. The drug comparison was sarpogrelate and conven-
tional treatment (aspirin, cilostazol, ticlopidine, lumbrokinase,
or basic treatment).

3.3. Meta-analysis results

Comparison of ABI between the sarpogrelate treatment
(Experimental group) and Conventional treatment (control
group) showed a statistical heterogeneity between the Eight
studies (I’=31%). A random effect model was used, and the
result showed that ABI of sarpogrelate group was higher than
the control group (SMD=0.05, 95%CI 0.01 to 0.08, P=.008
Fig. 2). And sarpogrelate treatment increased the dorsalis
pedis artery blood flow (I’=0%, MD=0.16, 95%CI 0.09 to
0.23, P<.001 Fig. 3). In addition, sarpogrelate showed a
significant effect on PFWD (MD=201.86, 95%CI 9.34 to
394.38, P=.04, Fig. 4). hsCRP and IL-6 were reported by 3
studies, and there was minimal heterogeneity (hsCRP: I*=
0%, IL-6: 1*=31%). The pooled analysis showed that a
significant decrease in hsCRP and IL-6 was observed in
sarpogrelate group (IL-6: MD=-1.48, 95%CI —2.56 to
—0.392, P=.008 Fig. 5; hsCRP: MD=-0.57, 95%CI —1.12
to —0.02, P=.04 Fig. 6). The funnel plot (Fig. 7) were mostly
symmetrical. There was insufficient evidence of publication
bias among the included studies in the meta-analysis of
sarpogrelate on PAD.

3.4. Risk of bias

As shown in Figure 8, in the 12 included studies, only one with
high risk. Two provided high-quality evidence and eight were
unclear. Hence, the overall quality of the included RCTs was
moderate.

3.5. Adverse events

Five of included studies reported the side effect of oral
sarpogrelate at an effective dose (Park, L Norgren, BY Wang,
YZ Wang, YQ Wu). The following adverse events were included:
gastrointestinal reaction, increase of liver enzymes, change of
blood pressure and rash. The most frequent adverse event was
gastrointestinal reaction. These symptoms had improved after
treatment or untreatment.
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Figure 1. Process of literature search.
Table 1
Main characteristics of randomized controlled trials included in the meta-analysis.
Trial Country Population N  Patients F (W) Age (Y) M (%) Drugs Blinding
Sarpogrelate Control Treatment Control
Sumi Hitaka"®(2013) Japan Adults 35 PAD 24 715+35 711478 60 sarpogrelate (300mg/day) cilostazl open-label,
(200mg/day).
So Young Park!'® Korea Adults 127 T2DM 24 62.2+8.1 - sarpogrelate aspirin (100mg/day) double bind
(2012) (300mg/day)
Masanori Miyazaki™”? Japan Adults 21 PAD 24 81.06+22 758420 476 sarpogrelate (100mg, tid) Asprin/ticlopidine -
(2007) (100mg, tid)
Yukihito Higashi"®(2009)  Japan Adults 16 cu 12 65+8 64+9 93.8 sarpogrelae (100mg, tid) asprin /ticlopidine -
(100mg, tid)
Shiyan Ren'™ (2013) China Adults 176 ASO 12 64+11 67+9 86.4 sarpogrelate (100mg, tid) aspirin double bind
(100mg, qd)
L Norgren®®” (2006) European Adults 364 IC 24 59.2+8.4 84.9 sarpogrelate (200mg, bid / placebo (200 mg, double bind
200mg, tid) bid / 200myg, tid)
YQ Wu" (2003) China Adults 36 PAD 4 65 4.7 sarpogrelate (100mg, tid)  lumbrukinase (600,000U, tid) -
B Li?? (2008) China Adults 30 DF 4 56.68+10.76 40 sarpogrelate (100mg, tid) conventional treatment -
XC Wul?! (2010) China Adults 40 T2DM 8 61+10 35 sarpogrelate (100 myg, tid) cilostazol (50mg, bid) -
YZ Wang?* (2009) China Adults 33 PAD 12 63+10 63+9 - sarpogrelate (100mg, tid) aspirin (100mg, qd) -
YB Wang®®(2014) China Adults 30 ASO 12 65.45 40 sarpogrelate (100mg, tid) aspirin (100mg, qd) -
MR Li%®2018) China Adults 80 DF 24 42-77 325 sarpogrelate (100mg, tid) basic treatment -

F=Flowing-up; M=Male; N=Number of patients; W =weeks.
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Sarpogrelate treatment Conventional treatment Std. Mean Difference Std. Mean Difference
Study or Suk ed D a : a eigh 1V, Fixed, 95% CI IV, Fixed, 95% Cl
Higashi 2010 0.36 012 8 034 015 7 33% 014 [-0.88,1.16) B
Miyazaki 2007 0.77 0.08 10 0.75 0.04 1" 4.5% 0.31 [[0.55,1.17) —
Park 2012 1.08 0.08 63 1.06 011 64 27.7% 0.21 [-0.14, 0.56) N il
Ren 2013 0.86 0.18 92 0.79 017 B84 37.7% 0.40[0.10,0.70] -
XC WWu 2010 0.97 0.06 20 0.89 0.08 20 7.5% 1.11 [0.44,1.78) e
YBWang 2014 0.85 0.11 15 0.73 011 15 &6.7% 1.06 [0.29, 1.83] i
YQ WWu 2003 1.05 0.05 18 1.05 0.05 18 7.9% 0.00 [-0.65, 0.65) e
YZ Wang 2009 0.84 0.23 22 062 0.26 11 58% 0.89 [0.13, 1.65)
Total (95% CI) 248 230 100.0% 0.42[0.24, 0.60] L 2
Heterogeneity: Chi*=11.61, df= 7 (P = 0.11); F= 40% F P 2 2 41'
Test for overall effect Z= 4.49 (P < 0.00001) conventional therapy sarpogrelate
Figure 2. Comparison of the effects of sarpogrelate and conventional treatment on ankle-brachial index.
Experimental Conventional treatment Mean Difference Mean Difference
Study or Subgrou Mean SD Total _Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% C|
B Li 2008 0.78 0.15 15 0.61 012 15 46.0% 0.17[0.07,0.27) ——
Y@ Wu 2003 073 016 18 058 0.11 18 54.0% 0.15[0.06,0.24] —i—
Total (95% CI) 33 33 100.0% 0.16 [0.09, 0.23] Ry
Heterageneity: Chi*= 0,09, df=1 (P=0.77); F=0% b ; ' t |
o -0.5 -0.25 0 0.25 05
THstior Oversl Sct. 2= 4,73 (P = 0.00001) conventional treatment sarpogrelate
Figure 3. Comparison of the effects sarpogrelate and conventional treatment on dorsalis pedis artery blood flow.
Sarpogrelate treatment Conventional treatment Mean Difference Mean Difference
Study or Subgroup Mean SD Total eight IV, Fixed, 95% CI IV, Fixed, 95% CI
XCWu 2010 1,00216 79246 20 8B246 635.23 20 18.7% 119.70[-325.41, 564.81)
¥Z Wang 2009 712 41223 22 49123 21352 1M 81.3% 22077 [7.24, 434.30] ——
Total (95% CI) 42 31 100.0% 201.86 [9.34, 394.38] i
Heterogeneity: Chi*= 0.16, df= 1 (P = 0.68); F= 0% + t t t
Sty b -500  -250 250 500
Testfor overail effect. Z=2.00/ (P= 0.04) conventional treatment  sarpogrelate
Figure 4. Comparison of the effects sarpogrelate and conventional treatment on pain-free walking distance.
Conventional therapy Sarpogrelate Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight [V, Fixed, 95% CI IV, Fixed, 95% CI
Higashi 2010 19 23 7 1.4 - 8 243% 050[1.70,2.70] e
MR Li 2018 17.47 9.63 40 1312 7.87 40 79% 4.35(0.50,8.20) e—————————
Park 2012 339 48 64 18 239 B3 B7.8% 1.49([017, 281) —i—
Total (95% CI) 11 111 100.0% 1.48 [0.39, 2.56] e
Heterogeneity: Chi*= 2.80, df= 2 (P = 0.24); F= 31% 2 - 5 1 1
Test for overall effect: Z= 2.67 (P = 0.008) conventional therapy sarpogrelate
Figure 5. Comparison of the effects sarpogrelate and conventional treatment on Interleukin-6.
Conventional therapy Sarpogrelate Mean Difference Mean Difference
Study or Subgr Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Higashi 2010 1.9 23 7 1.4 2 8 243% 050[1.70,2.70) -
MR Li 2018 17.47 9.63 40 1312 7.87 40 79% 4.35[0.50,8.20] — ¥
Park 2012 3.39 48 64 19 239 63 67.8% 1.49[017, 2.81] ——
Total (95% CI) 11 111 100.0% 1.48 [0.39, 2.56) ~
Heterageneity: Chi®= 2.90, df= 2 (P=0.24); F= 31% 4 2 5 2 i

Test for overall effect Z= 2.67 (P = 0.008)

conventional therapy sarpogrelate

Figure 6. Comparison of the effects sarpogrelate and conventional treatment on hypersensitive C-reactive protein.
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4. Discussion

This meta-analysis aims to assess the efficacy and safety of
sarpogrelate hydrochloride compared with conventional treat-
ment. The finding from this study demonstrated that sarpogrelate
performed better on primary endpoints than conventional
treatment. Sarpogrelate was associated with a significant increase
in ABI [SMD=0.42, 95%CI (0.24, 0.60)], dorsalis pedis artery
blood flow [MD =0.16, 95%CI (0.09, 0.23)] and PFWD [MD =
201.86, 95%CI (9.34, 394.38)]. In addition, sarpogrelate could
decrease in IL-6 [MD=1.48, 95%CI (0.39, 2.56)] and hsCRP
[MD=0.57, 95%CI (0.02, 1.12)].

In our study, sarpogrelate, as a selective 5-HT,, receptor
antagonist, could effectively increase ABI, just like the results of
Umrani DN and Chen YX.!*”-?%! Although the sample size in 2
included studies?"*?! was small, it also showed the positive
effect of sarpogrelate on dorsalis pedis artery blood flow.
Moreover, sarpogrelate could greatly lengthen PFWD of PAD
patients compared with conventional treatment. Hiroshi
Matsuo suggested that the patient’s walking ability was
improved after oral administration of sarpogrelate.*”! For
PAD patients, peripheral ischemia may be related to the
following mechanism: thrombosis, vasoconstriction and smooth
muscle cells proliferation. All of them mainly caused by 5-HT;4
receptor activation.®°=#! First, endothelial cell damage led to
the release of thromboxane A2 and S5-HT, inducing more
platelet aggregation. Sarpogrelate slowed down thrombosis by
inhibiting the release of 5-HT.[**! Second, vascular dysfunction
occurred in PAD patients, leading to insufficient blood
supply.[*®! Sarpogrelate improved vascular function and sup-
pressed vasoconstriction, which was consistent with the results
of Masanori Miyazaki.['”! Third, inhibition of smooth muscle
cell proliferation may be associated with sarpogrelate suppres-
sion of cell G1 division.®”! In the study of Gao Wei,*®! just as
our results, sarpogrelate had a great efficacy on PAD. In
contrast, Soga et al were doubtful about the efficacy of
sarpogrelate.™ Due to the small number of study samples

and many uncertainties (no clear patient compliance, no clear
criteria for inclusion and most patients in serious condition), the
proposition of sarpogrelate remained to be investigated.

This meta-analysis also suggested that the IL-6 and hsCRP was
in a downward trend in sarpogrelate group. IL-6 and hsCRP,
providing molecular markers of the potential severity of
atherosclerosis, were known to be strongly associated with
PAD.P?! It was reported that 5-HT bound to 5-HT,, receptor
and promoted IL-6 synthesis in vascular smooth muscle cells,
leading to vasculitis in the development of atherosclerosis.!'>*°!
Furthermore, Ridker had indicated that CRP might be associated
with vascular risk because cytokines such as IL-6 promoted
leukocyte adhesion and stimulated vascular endothelial cells to
produce CRP."*!' CRP may have a pro-coagulant effect and
played an important role in the formation of thrombus."*!! It had
been reported that sarpogrelate could decrease serum levels of IL-
6 and hsCRP as well as relieving the inflammation of vascular by
blocking 5-HT, 4 receptor.>*9 Reduced inflammation delayed
the progression of atherosclerosis and improved the symptoms of
vascular occlusion in patients. In 2 included studies, the serum of
cholesterol decreased in sarpogrelate group. It was reported that
sarpogrelate may be recommended for preventing atherosclerosis
by decreasing serum cholesterol.[31:32421

There were 3 RCTs including diabetic patients with peripheral
vascular disease.!'®*3**! These studies confirmed that sarpogre-
late was effective for the therapy of diabetes-related peripheral
vascular complications. The result of previous study was
consistent with these three RCTs.1**! In above these RCTs, the
same basic treatment was performed on T2DM patients in both
the experimental and control groups, which had no significant
effects on PAD patients. Therefore, sarpogrelate should be taken
into consideration in the prevention of diabetes-related periph-
eral circulatory disturbances.

As far as the safety assessment of sarpogrelate, there were §
included studies with 590 cases reporting adverse events but not
serious.[10202124231 \ith relevant treatment, related symptoms
can get relieved. Additionally, Doggrell also suggested that
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Figure 8. Risk of bias 12 included studies.

sarpogrelate had seemed to be involved in no serious adverse
events and was well-tolerated.*”)

Our paper included 12 RCTs with 988 cases and was the latest
meta-analysis to evaluate the efficacy and safety of sarpogrelate.
We also focused on the effect of sarpogrelate on proinflammatory
cytokine. Taken together, this study showed a further under-
standing of sarpogrelate for PAD. However, this study still had
some limitation. The sample size of the included studies was
small. Disease subspecies, control group administration and
indicators were not exactly uniform. There existed bias in part of
eligible articles. Blinding was not used in most included studies,
and this may have an impact on the results.
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5. Conclusion

In conclusion, this study demonstrated that sarpogrelate was
effective to improve the symptoms of PAD. Additionally,
sarpogrelate showed good tolerability without serious adverse
events. Based on the present studies, further investigations need to be
conducted to confirm the effectiveness and safety of sarpogrelate.
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