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Abstract

Background: Subsequent to a pooled analysis of 2 trials, sev-
eral more studies have been published assessing the benefit
of MLC601 in stroke patients. Hence, it is timely to conduct
an updated meta-analysis to frame the interpretation of the
results of an ongoing large multicenter, randomized, dou-
ble-blind, placebo-controlled study. Therefore, we conduct-
ed a systematic review of the efficacy of MLC601 in improv-
ing the recovery of stroke patients. Methods: PubMed® and
the Cochrane Library® databases were searched for trials
evaluating MLC601 in stroke patients. Primary outcome was
functional independence, assessed by the Barthel Index or
the Diagnostic Therapeutic Effects of Apoplexy scoring sys-
tem, item 8. Secondary outcomes were improvement in
functional independence scores, motor recovery, reduction
in visual field defect and increase in cerebral blood flow. Two
authors performed the article selection, appraisal and data
extraction while resolving differences through discussion or
consulting a third author. Data were analyzed in RevMan5®.

Meta-analysis was conducted using a random effects model.
Results: This review included 6 studies with overall low risk
of bias but some clinical heterogeneity. MLC601 increased
the chances of achieving functional independence after
stroke compared to control treatments (risk ratio, 2.35; 95%
Cl, 1.31-4.23). No deaths and 4 serious adverse events were
reported in the MLC601 group, although detail was sparse
with inconsistent reporting. Conclusions: There is evidence
that MLC601 as an add-on to standard treatment could be
effective in improving functional independence and motor
recovery and is safe for patients with primarily nonacute sta-

ble stroke. Copyright © 2013 S. Karger AG, Basel

Introduction

Stroke is a leading cause of disability and mortality
globally. There are a few effective stroke-specific treat-
ment options that improve functional outcome after
stroke, including thrombolytic therapy, use of early aspi-
rin, decompression craniectomy, stroke unit care, and
constraint-induced movement therapy [1]. Some of these
may be offered only to a limited group of patients. Tradi-
tional Chinese medicine (TCM) is used extensively in
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Asia to facilitate recovery after stroke [2]. Pharmacologi-
cal studies have demonstrated some TCM to have anti-
oxidant, anti-inflammatory and antiglutamate effects [3].
In addition, various TCMs have also been shown to dilate
blood vessels, suppress platelet aggregation, protect
against ischemic reperfusion injury and enhance the tol-
erance of ischemic tissue to hypoxia [4].

MLC601 (NeuroAiD®; Moleac Pte. Ltd., Singapore) is
a TCM derivative and combines extracts from 9 plants
(radix astragali, radix salviae miltiorrhizae, radix paeo-
niae rubrae, rhizoma chuanxiong, radix angelicae sinen-
sis, Carthamus tinctorius, Prunus persica, radix polygalae
and rhizoma acori tatarinowii) and 5 animal components
(Hirudo, Eupolyphaga seu Steleophaga, calculus bovis ar-
tifactus, Buthus martensii and cornu saigae tataricae).
The demonstration of neuroprotective and neuroregen-
erative effects of MLC601 and MLC901 in focal and glob-
al brain ischemia in exploratory studies [5, 6] makes
MLC601/MLC901 an appropriate therapeutic candidate
for ischemic stroke in the clinical setting.

Since the publication of the pooled analysis of 2 trials
evaluating the effects of MLC601 in stroke [7], more stud-
ies have been published. A large multicenter, random-
ized, double-blind, placebo-controlled study of MLC601
in acute ischemic stroke patients is currently underway
[8]. It is timely to conduct an update of the previous anal-
ysis to frame the interpretation of the results of the ongo-
ing trial. Therefore, we conducted this updated system-
atic review of the efficacy of MLC601 in improving the
recovery of stroke patients.

Methods

All studies that evaluated the effect of ML601 by a randomized
controlled trial design were included in this review. Participants
must have had an ischemic stroke; otherwise there were no other
restrictions on participant characteristics. MLC601 (NeuroAiD)
must have been one of the interventions evaluated. The compara-
tor could be either placebo or standard therapy.

Types of Outcomes

The primary outcome was whether or not a patient achieved a
functional independence as represented by a score of =85 on the
Barthel Index (BI) [9] or a score of 0 on item 8 of the Diagnostic
Therapeutic Effects of Apoplexy (DTER) scoring system [7, 10]
(equivalent to modified Rankin scale of 0-1) by the end of the
study period.

The secondary outcomes were: (a) Functional Independence
Measure [11], BI or DTER scores; (b) Fugl-Meyer Assessment
scores [12]; (c) surface area of visual field defect; (d) middle cere-
bral artery blood flow velocity, and (e) survival, all measured at
the end of the study period.
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The 2 Chinese studies reported the score of DTER item 8
(score 0 = able to take care of oneself and speak freely) as a cutoff
for functional independence. One study only reported the mean
difference of BI scores without categorizing them as ‘functionally
independent’ or otherwise. Therefore, raw BI scores, obtained
from study investigators, were used to categorize patients using a
BI cutoff of =85 to make it consistent with item 8 of the DTER
before conducting the pooled analysis.

Literature Search Methods

A literature search was conducted of PubMed® (1900 to date),
the Cochrane Database of Systematic Reviews (2005 to date), the
Cochrane Central Register of Controlled Trials (1898 to date) and
the Database of Abstracts of Reviews of Effects (1994 to date) for
published reports. References of eligible articles and review articles
were also searched for relevant citations. There was no restriction
on the language. In addition, we also contacted authors of identified
articles for any publications they were aware of. Search terms used
included ‘Dangi Piantang Jiaonang’, ‘DPJ’, ‘MLC601’, ‘NeuroAid’
and ‘MLC 901’. The last search was conducted in September 2012.

Study Selection, Critical Appraisal and Data Extraction

Two review authors (F.J.S. and N.V.) screened the title and ab-
stracts of potentially eligible trials independently. The full texts of
short-listed papers were obtained and assessed in detail. Dis-
agreements were resolved by consensus. Two reviewers (E.J.S. and
N.V)) assessed eligible studies for risk of bias using the domain-
specific instrument of the Cochrane Collaboration [13]. The do-
mains assessed were randomization procedure, allocation con-
cealment, blinding (patient, caregivers and outcome assessors),
lost to follow-up, and selective reporting. Any disagreement was
resolved by consulting a third review author (C.C.). Data extrac-
tion was done (F.J.S.) using a standardized data extraction form.
Missing information on outcome measures were obtained by con-
tacting the authors.

Assessment of Heterogeneity

Prior to data pooling, studies were assessed for clinical homo-
geneity based on the characteristics of the patients studied and
similarity of the trial procedures (table 1). The following areas of
heterogeneity were considered to be important when it came to
deciding on data pooling: (a) patient age and severity of stroke; (b)
comparator used; (c) outcome measurement tools, and (d) time of
outcome assessments. Statistical heterogeneity was assessed by
calculating the I value.

Data Synthesis

All data analysis was done using RevMan 5.1 [13]. The decision
to pool was based on a judgment of clinical homogeneity and an
12 <75%. When it was judged to be inappropriate to pool, forest
plots without pooled estimates were shown to present individual
study treatment effects.

Sensitivity Analysis

Robustness of the results was ascertained through sensitivity
analyses. I? value of >75%, number of patients lost to follow-up
greater than observed outcomes or unbalanced lost to follow-up
between two arms of a study dictated the decision whether or not
to carry out the analyses.
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Table 1. Characteristics of studies included in the systematic review of NeuroAiD in ischemic stroke

Studies Methods Participants Interventions Outcomes
China 01 Multicenter, randomized, Inclusion criteria: Age 18-70 years, diagnosed with Intervention group: Primary outcome: Functional and
[7] double-blind, active ischemic stroke according to Western medicine MLC601, 0.4 g, 4 capsules neurological function as assessed
controlled trial conducted diagnosis standards in China, met requirements 3 times a day for 4 weeks on DTER
in China from 1999 to 2000 of TCM standards for diagnosis of apoplexy, DTER Control group: Buchang Comprehensive functions score
score 210, at the restoration stage according to TCM Naoxintong Jiaonang, was dichotomized into 0 vs. 2-8
criteria (i.e. 15 days to 6 months after stroke onset, 4 capsules 3 times a day for ~ (which may be compared with a
provided informed consent) 4 weeks 0-1 vs. 2-5 dichotomy on mRS)
Exclusion criteria: TIA, lacunar infarct, or infarction The neurological/motor function
of the basilar artery system, had other intracranial was assessed by adding the first 7
pathologies such as tumors, AF, other clinically subscores of the DTER
significant systemic diseases, pregnancy and lactation
China02  Multicenter, randomized, Inclusion criteria: Age 18-70 years, diagnosed with Intervention group: Primary outcome: Functional and
[7] double-blind, active ischemic stroke according to Western medicine MLC601, 0.4 g, 4 capsules neurological function as assessed
controlled trial conducted diagnosis standards in China, met requirements 3 times a day for 4 weeks on DTER
in China from 1999 to 2000 of TCM standards for diagnosis of apoplexy, DTER Control group: Buchang Comprehensive functions score
score 210, at the restoration stage according to TCM Naoxintong Jiaonang, was dichotomized into 0 vs. 2-8
criteria (i.e. 15 days to 6 months after stroke onset, 4 capsules 3 times a day for ~ (which may be compared with a
provided informed consent) 4 weeks 0-1 vs. 2-5 dichotomy on mRS)
The neurological/motor function
was assessed by adding the first 7
subscores of the DTER
Kong Single-center, randomized, Inclusion criteria: Age 21-80 years, within 1 month Intervention group: Primary outcome: Motor
etal. double-blind, placebo- of ischemic stroke, motor power of grade <5/5 on the MLC601, 4 capsules 3 times ~ impairment as assessed on FMA at
[15] controlled, phase II pilot Medical Research Council Scale in at least 1 limb, a day for 1 month plus 4 weeks
study conducted in a prestroke mRS <1, nonchild-bearing potential, standard care Secondary outcomes: Functional
rehabilitation facility in cerebral infarction compatible with CT or MRI. Control group: Placebo, status at 4 and 8 weeks as assessed
Singapore Exclusion criteria: Recent thrombolysis, ICH, full-dose 4 capsules 3 times a day for ~ on FIM; FMA scores and subscores
or long-term anticoagulation, significant nonischemic 1 month plus standard care  at 4 and 8 weeks; stroke severity as
brain lesion, coexisting systemic diseases (cancers, assessed on NIHSS scores and
renal/liver failure, dementia, psychosis, cirrhosis), subscores at 4 and 8 weeks
previous stroke, craniotomy or seizures, aphasia or Patients were also analyzed by
other cognitive disabilities, hemoglobin <10 mg/dl severity category as severe (0-55),
moderate (56-80) and mild (81-
100) based on FMA scores
Harandi Single-center, randomized, Inclusion criteria: Age 30-72 years, within 1 month Intervention group: Motor impairment as assessed on
etal. double-blind, placebo- of ischemic stroke as assessed by CT or MRI MLC601, 400 mg, 4 capsules FMA at baseline, 4, 8 and 12 weeks
[14] controlled trial conducted Exclusion criteria: Treatment with thrombolytic, 3 times a day for 3 months  Patients were also categorized as
in a tertiary care center in ischemic stroke with hemorrhage, severe renal or plus standard care having severe (0-55), moderate
Iran from July 2009 to Feb liver failure, dementia, psychosis, history of seizure Control group: Placebo, (56-80) and mild (81-100) motor
2010 disorder, previous stroke and hemoglobin <10 mg/dl 4 capsules 3 times a day for ~ limitation based on FMA scores
3 months plus standard care
Shahripour  Single-center, randomized, Inclusion criteria: Age 60-80 years, acute brain infarct  Intervention group: Primary outcome: MCA blood
etal. double-blind, placebo- in MCA territory within a week confirmed by CT or MLC601, 4 capsules 3 times ~ flow velocity as measured by
[16] controlled study conducted MR, hospitalized within 24 h of stroke a day for 3 months plus transcranial Doppler at baseline
in a tertiary hospital in Iran Exclusion criteria: ICH, history of stroke, inability to standard treatment and 3 months done by single
from April 2009 to March swallow, significant systemic diseases, brain tumors or  Control group: Placebo, operator
2010 infections 4 capsules 3 times a day for ~ Secondary end points: Barthel
3 months plus standard Index and mRS
treatment
Ghandehari  Single-center, randomized Inclusion criteria: Age- and sex-matched, >18 years old, Intervention group: Outcome: Visual field defect as
etal. single-blind, active-control within 1 week of presentation with pure homonymous ~ MLC601, 400 mg, 4 capsules measured by point grid perimetry
[17] trial conducted in a tertiary hemianopia, due to PCA territory ischemic stroke 3 times a day for 3 months  at baseline and 3 months; surface

care hospital in Iran from
2009 to 2010

confirmed on CT or MRI and confirmed by perimetry
Exclusion criteria: Recent thrombolysis, ICH, rapidly
improved neurological deficit, GCS <5, tumors or
demyelinating lesions, coexisting ophthalmic and/or
systemic diseases, lacunar infarction in posterior
cerebral artery territory, aphasia, epilepsy,
craniotomy, previous stroke with visual field defects,
stroke recurrence during 3-month follow-up affecting
visual field, requiring rehabilitation or speech therapy

plus standard care
Control group: Piracetam,
800 mg, 2 tablets 3 times a
day for 3 months plus
standard care

area of each visual field defect was
manually calculated in mm?

TIA = Transient ischemic attack; AF = atrial fibrillation; mRS = modified Rankin Scale; CT = computed tomography; MRI = magnetic resonance imaging; ICH =
intracerebral hemorrhage; FMA = Fugl-Meyer Assessment; FIM = Functional Independence Measure; NIHSS = National Institutes of Health Stroke Scale; MCA = mid-
dle cerebral artery; PCA = posterior cerebral artery; GCS = Glasgow Coma Scale.

10

Cerebrovasc Dis 2013;35(suppl 1):8-17
DOI: 10.1159/000346231

Siddiqui/Venketasubramanian/Chan/

Chen



The treatment effect on the primary outcome (binary mea-
sure) was summarized as a relative risk and pooled using the Man-
tel-Haenszel method. All the secondary outcomes (continuous
measures) were summarized as mean differences of change scores
and pooled using the inverse variance method.

Results

Search Results

In total, we identified 30 citations. Through PubMed we
identified 14 citations. In this set, 5 articles were found to
be relevant; the rest were rejected as they were either basic
science studies, stroke epidemiology studies or uninfor-
mative. Through the Cochrane Library search we identi-
fied 15 citations. Of these, 6 were the same as those found
in PubMed, 2 were trial registry entries (1 published and 1
ongoing), 4 were conference presentations of results of the
trials for which full reports had been published and identi-
tied in both sets of citations, 1 was a webpage of the com-
pany that markets the drug outside China, and 2 were du-
plicate publications (1 trial and 1 update of progress of an
ongoing trial). None of the citations that were uniquely
identified through the Cochrane database were found to
be eligible for full text evaluation. Another study was iden-
tified through personal contact of the author (C.C.). In to-
tal, 5 studies were short-listed for full text evaluation [7,
14-17]. Of these, 1 was the previous systematic review of 2
unpublished Chinese trials. Hence there were 6 primary
studies that contributed to various meta-analyses in this
review. The relevant article selection process is demon-
strated in figure 1.

Characteristics of the Included Studies

All 6 included trials compared MLC601 to placebo
[14-16] or another treatment, i.e. piracetam [17] and Bu-
chang [7]. Two trials (China 01 and 02) [7] were multi-
center studies, while the rest were single-center studies
conducted in three countries: Iran, Singapore and China.
The included studies involved a total of 915 patients, 580
randomized to MLC601 and 335 randomized to the con-
trol arm. The age of the patients ranged between 18 and
80 years. Table 1 provides details of the characteristics of
the individual studies.

Impact of Risk of Bias

We were able to obtain additional information on the
key domains of risk of bias for 4 of the included clinical
trials (fig. 2). We found that in general there was low risk
of bias in the included studies for the domains that were
important for our objectives. Nevertheless, 1 study [16]

MLC601 in Stroke: Systematic Review

PubMed The Cochrane Library Other
14 15 1
\4
Total
30
Dupllcate6C|tat|ons
\4
Unique citations
24
Excluded Included
19 5
—»| Duplicate publications 2
—>»| Website entry 1
—»| Trial register entries 2
—»| Conference proceeding 4
—>»| Reviews and others 10
1 of the included studies provided data from 2
unpublished trials, hence 6 primary studies

Fig. 1. Flow chart of the literature search process.

had incomplete outcome data assessment (for BI). In the
‘worst-case scenario’ the pooled effect became statistical-
ly insignificant and heterogeneity increased to 65% (anal-
ysis not shown). In another study [17] where the outcome
assessment involved unblinded patients, the risk of bias
was also high. However, this was a single study that re-
ported visual field defect as outcome.

Outcomes - Functional Independence and Motor

Recovery

Functional Independence

We combined the results reported by studies China 01,
China 02 [7] and Shahripour et al. [16]. The Chinese stud-
ies reported outcomes based on DTER (item 8), whereas
Shahripour et al. [16] used BI. The pooled analysis is pre-
sented in figure 3. Results show the pooled relative risk of
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Blinding of participants and personnel (performance bias)

Random sequence generation (selection bias)
Allocation concealment (selection bias)

Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)
Selective reporting (reporting bias)

Other bias

~
~
~
-~
~
~

China 01 [7]

China02[71| ? ? ? ? ? ? ?

Ghandehari [17] | (+ + . ‘ * U i

Harandi [14] | (+ + + + + + +

Kong [15] | (+ O AF <k 4= i 4k

Shahripour [16] | (+ + + + ‘ + +

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

|
|
|
Blinding of outcome assessment (detection bias) |
|
|
|
I
T

0% 25% 50% 75%  100%

|:| Low risk of bias |:| Unclear risk of bias . High risk of bias

Fig. 2. Risk of bias: judgments of the review authors for each risk of bias item for each included study and pre-
sented as percentages across all included studies.
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Study NeuroAiD Control Weight Risk ratio Risk ratio
or subgroup % M-H, random (95% Cl) M-H, random, 95% Cl
events total events total
At 1 month
China 01 [7] 20 100 6 100 48.9 3.33(1.40-7.95) -
China 02 [7] 30 300 6 105 51.1 1.75 (0.75-4.09) m-
Subtotal 400 205 100.0 2.40 (1.28-4.51) 2
Total events 50 12
Heterogeneity: 72 =0.02; x> = 1.08,d.f.= 1 (p = 0.30); 1> = 8%
Test for overall effect: Z=2.71 (p = 0.007)
At 3 months
Shahripour [16] 2 36 1 32 100.0 1.78 (0.17-18.69) i
Subtotal 36 32 100.0 1.78 (0.17-18.69)
Total events 2 1
Heterogeneity: Not applicable
Test for overall effect: Z=0.48 (p = 0.63)
Atend of study
China 01 [7] 20 100 6 100 45.7 3.33(1.40-7.95) -
China 02 [7] 30 300 6 105 48.0 1.75 (0.75-4.09) L
Shahripour [16] 2 36 1 32 6.2 1.78 (0.17-18.69) —_—t
Subtotal 436 237 100.0 2.35(1.31-4.23) L 2
Total events 52 13
Heterogeneity: 72 = 0.00; x> = 1.14,d.f. =2 (p = 0.57), 1> = 0%
Test for overall effect: Z = 2.85 (p = 0.004) I T T 1
0.001 0.1 1 10 1,000
Favours Favours
Test for subgroup differences: x? = 0.06; d.f. = 2 (p = 0.97), 1> = 0% control NeuroAiD

Fig. 3. Functional independence as measured by the BI (=85) or DTER (=2; comprehensive functions; item 8)
among patients with stroke. M-H = Mantel-Haenszel method.

2.35 (95% CI, 1.31-4.23) in favor of MLC601. The effect
was consistent at 1 and 3 months.

Functional independence was also assessed by change
scores of the functional improvement scales in 2 studies
[15, 16]. One study reported an effect favoring control
treatment, though not achieving statistical significance,
both at 1 and 2 months (-0.45; 95% CI, -1.08 to 0.18 and
-0.55; 95% CI, -1.18 to 0.08, respectively) while the other
reported a statistically significant effect favoring MLC601
at 3 months (1.0; 95% CI, 0.50-1.51). Due to high statisti-
cal heterogeneity (I> = 93%) no pooling of results was un-
dertaken.

Motor Recovery

Two Chinese studies [7] along with the studies by
Kong et al. [15] and Harandi et al. [14] assessed motor
recovery. The Chinese studies used the motor items of
DTER, while the other 2 studies used the Fugl-Meyer As-
sessment motor score. The pooled analysis is presented

MLC601 in Stroke: Systematic Review

in figure 4. The result was directionally in favor of
MLC601 though not statistically significant (0.27; 95%
CI, -0.02 to 0.55). Harandi et al. [14] showed a much
stronger effect at both time points of 1 and 2 months.
However, all studies showed beneficial effect in favor of
MLC601.

Visual Field Defect Recovery

One study on visual field recovery [17] showed that
there was a reduction of defect area in both left and right
eyes in favor of MLC601 as measured by difference in
changed scores from baseline. The results of right and left
eyes were 148.10 (95% CI, -112.19 to 408.39) and 204.60
(95%CI, —39.99 to 449.19), respectively, although this was
not statistically significant.

Cerebral Blood Flow Improvement
One study evaluated cerebral blood flow velocity in
the territory of the middle cerebral artery [16] and showed

Cerebrovasc Dis 2013;35(suppl 1):8-17
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Study NeuroAiD Control Weight  Standard mean difference Standard mean difference

or subgroup mean  SD total mean  SD total % IV, random (95% Cl) IV, random, 95% ClI

At 1 month

China 01 [7] 1.44 1.83 100 1.04 1.97 100 271 0.21 (-0.07 to 0.49) -

China 02 [7] 1.21 1.83 300 1.1 1.94 105 28.0 0.06 (-0.16 t0 0.28) —m—

Harandi [14] 2344 14.03 100 8.4 13.89 50 254 1.07 (0.71-1.43) ——

Kong [15] 1.7 14.6 20 125 122 20 19.5  -0.06 (-0.68 to 0.56) —_——

Subtotal 520 275 100.0 0.33(-0.13 t0 0.80) i

Heterogeneity: 12 = 0.19; x2 = 23.58, d.f. = 3 (p < 0.0001), I> = 87%

Test for overall effect: Z=1.41 (p = 0.16)

At 2 months

Harandi [14] 2882 17.55 100 171 13.54 50 59.9 0.71 (0.36-1.06) ——

Kong [15] 16.7 19.6 20 14.5 14.2 20 40.1 0.13 (-0.49t0 0.75) —

Subtotal 120 70 100.0 0.48 (-0.09 to 1.04) el

Heterogeneity: 12=0.11;x2=2.62,d.f.= 1 (p=0.11), > =62%

Test for overall effect: Z=1.66 (p = 0.10)

At 3 months

Harandi [14] 3253 21.61 100 194 1323 50 100.0 0.68 (0.33-1.03) ——

Subtotal 100 50 100.0 0.68 (0.33-1.03) .

Total events

Heterogeneity: Not applicable

Test for overall effect: Z=3.82 (p = 0.0001)

Atend of study

China 01 [7] 1.44 1.83 100 1.04 1.97 100 29.0 0.21 (-0.07 to 0.49) -+

China 02 [7] 1.21 1.83 300 1.1 1.94 105 323 0.06 (-0.16 t0 0.28) —m—

Harandi [14] 3253 21.61 100 194 1323 50 25.0 0.68 (0.33-1.03) —a

Kong [15] 16.7 196 20 14.5 14.2 20 13.7 0.13 (-0.49t0 0.75) —_—

Subtotal 520 275 100.0 0.27 (-0.02 to 0.55) o

Heterogeneity: 72 = 0.05; x> = 8.77,d.f. = 3 (p = 0.03); I> = 66%

Test for overall effect: Z=1.85 (p = 0.06) T T T T
-1 =05 0 05 1

Favours Favours
Test for subgroup differences: X2 =3.43,d.f.=3 (p =0.33), >=12.4% control NeuroAiD

Fig. 4. Motor recovery as measured by Fugl-Meyer Assessment score or DTER subscales among patients with

stroke. M-H = Mantel-Haenszel method.

a significant increase in the velocity in the treatment
group (6.36; 95% CI, 3.29-9.43).

Safety

The included studies provided sparse information on
the adverse effects of the MLC601. Table 2 presents the
distribution of adverse and serious adverse effects. Over-
all side effects were uncommon in both groups though
nonserious ones were more frequent in the MLC601
group. The Chinese trials reported no serious adverse
events [7]. Nonserious adverse events included nausea
and vomiting in 2 patients receiving MLC601. No adverse
event was reported for the control group. Ghandehari et

14 Cerebrovasc Dis 2013;35(suppl 1):8-17
DOI: 10.1159/000346231

al. [17] reported no serious adverse event in the MLC601
group, while 1 patient was withdrawn from the control
group due to severe headaches. Mild abdominal discom-
fortin 2 patients receiving MLC601 and headache, drows-
iness and dizziness in 2 patients in the control group were
reported. Harandi et al. [14] reported no serious adverse
events, while 7 patients experienced mild nausea and
vomiting in the MLC601 group. Kong et al. [15] observed
the occurrence of serious adverse events in the interven-
tion group, which included jaundice, hypokalemia, sei-
zures and recurrent strokes. Perianal abscess was the only
serious adverse event in the control group reported by
this study. Out of 16 reported nonserious adverse events

Siddiqui/Venketasubramanian/Chan/
Chen



Table 2. Distribution of serious and nonserious adverse events as reported in the included studies in different

arms of the trials

Study n Adverse events Serious adverse events
MLC601  control total MLC601  control total
(n=580) (n=335 (n=915) (n=580) (n=335) (n=915)

China 01 and 02 [7] 605 2 0 2 0 0 0

Ghandehari [17] 40 2 2 4 0 1 1

Harandi [14] 150 7 0 7 0 0 0

Kong [15] 40 9 7 16 4 1 5

Shahripour [16] 80 2 4 6 0 0 0

that occurred in 15 patients, 12 were mild and 4 were
moderate. No further description of adverse events was
available. Shahripour et al. [16] reported that 6 patients
experienced adverse effects and all withdrew from the
study, 2 (nontraumatic epistaxis) from the MLC601 and
4 (upper gastrointestinal upset) from the control group.

Discussion

The included studies in this systematic review evalu-
ated the treatment effect on various clinical and surrogate
outcomes.

Functional independence even when measured on dif-
ferent scales shows little heterogeneity and the chance of
being functionally independent is more than twice as
high in those patients receiving MLC601 compared to
those receiving standard therapy. These results are from
3 studies of which 2 are of uncertain quality. However,
effect size from the third study in this pooled analysis,
which was judged as at low risk of bias, was consistent
with the other 2 studies with regard to the direction of
effect. Due to the small sample size the confidence inter-
val of this estimate is wide and crosses the null value.
When additional heterogeneity was modeled by using a
random effects model, the treatment effect remained sta-
tistically significant.

Motor recovery is a more objective measure of neuro-
logical recovery, although baseline comparability of the
study arms was not available for 2 of the 4 contributing
studies. Motor recovery after stroke was assessed using
different scales and at different times. Both these factors
were taken into account while conducting the analysis
and, therefore, standardized mean differences were com-
puted and pooled with a random-effect model. The re-

MLC601 in Stroke: Systematic Review

sults showed some heterogeneity. Nevertheless, all the
point estimates favored MLC601. The pooled estimate
marginally crossed the line of no difference.

Visual field defects are an important sensory defect
resulting from stroke. The only study that reported this
outcome showed a large effect that did not achieve statis-
tical significance. The fact that patients were not blinded
to the treatment allocation and were part of the outcome
assessment procedure might have contributed to bias in
the outcome measurements. However, since any im-
provement in vision may be clinically important and the
observed difference in improvements is relatively large,
the possibility of statistically significant results in post-
stroke hemianopsia with MLC601 cannot be excluded
and further study should be encouraged.

In a study evaluating the effect of MLC601 on the sur-
rogate endpoint of cerebral blood flow velocity, it was
found that mean arterial blood flow velocity significant-
ly normalized when measured as a change from baseline.
In the same study, there was a corresponding improve-
ment in Bl in the MLC601 group which may have impli-
cations on perfusion demand by surviving neurons, va-
sodilatory effects of MLC601, and neurovascular cou-
pling that is important in neurorepair.

Safety data were quite sparse in the included studies.
There was inconsistency in the reporting of various ad-
verse effects and in defining serious and nonserious
adverse events across studies. A possible link to the inter-
vention was also not extensively discussed in any of the
studies. There is a need to record and report the adverse
and serious adverse effects in a standardized format, e.g.
CIOMS [18] or MedDRA [19], using current definitions
[20-21].

As regards the safety of MLC601, no deaths in any of
the studies have been reported. Most of the reported ad-
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verse events appear to be nonserious and did not require
discontinuation of the intervention; however, a few events
in the intervention group did require withdrawal of pa-
tients from MLC601. In all studies except 1, patients were
blinded to the treatment allocation; therefore, reporting
is less likely to be affected by bias. Nonetheless, a study
on a subgroup of patients in the ongoing CHIMES trial
has confirmed the safety of MLC601 in acute stroke pa-
tients [22].

While studies did not exclude stroke patients in the
acute phase following the event, they included patients
from 1 week to as long as 6 months after the index isch-
emic stroke. This suggests that the efficacy of MLC601
may extend beyond neuroprotection and involve neuro-
restoration long after stroke onset. These findings in the
clinical studies parallel those found in nonclinical studies
which reported both neuroprotective and neuroregener-
ative properties of NeuroAiD in animal and neuronal
models of ischemia [5, 6]. The additional benefit of start-
ing the treatment early in acute stroke is being investi-
gated [8].

Limitations and Strengths

Our review has several limitations. The risk of bias in-
formation is not available for 2 of the largest studies. Nev-
ertheless, results from the other smaller studies with low
risk of bias remained consistent with the 2 larger studies,
giving some confidence in the results. Not all studies as-
sessed the same clinical outcomes. Hence, in any given
meta-analysis only a few studies contributed. In addition,
even for the studies that assessed the same outcome, dif-
ferent tools were used, increasing the heterogeneity be-
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tween the studies and highlighting the limitations of ex-
isting evidence after a thorough search of the literature,
rigorous methodological evaluation of relevant trials, ex-
plicit reporting of risk of bias and commenting on the
robustness of the results.

Conclusions

The ongoing large clinical trial of MLC601 in acute
stroke should help overcome the limitations of previous-
ly conducted studies. Nevertheless, our review reveals
that there is some evidence that MLC601 as an add-on to
standard treatment could be effective in further improv-
ing functional independence and motor recovery and is
safe for patients with primarily nonacute stable stroke.
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