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ABSTRACT

Aims: To compare the efficacy of ginkgolide in the treatment of Chinese patients with ischemic
stroke between pre-marketing and post-marketing studies.

Methods: This is a re-analysis of a pre-marketing (phase II/Ill, multicenter, double-blind,
parallel-controlled; February 2005 to September 2005) and post-marketing (phase 1V, multi-
center, open, single-arm registration; April 2013 to June 2014) studies. The intervention groups
received intravenous ginkgolide (10 mL daily, 14 days). Primary outcome was an improvement
of National Institute of Health Stroke Scale (NIHSS) and modified Rankin Scale (mRS) scores
after 14 days.

Results: In pre- and post-marketing studies, NIHSS and mRS scores all improved, compared to
that of baseline (P < 0.001) in acute phase. Those factors significantly associated with ANIHSS
after 14 days of therapy with ginkgolide were grouping (pre-marketing vs. post-marketing; OR
2.169, 95%Cl = 1.462-3.216, P < 0.001), male (OR = 1.532, 95%C| = 1.152-2.037, P = 0.003),
enrollment within 30 days after onset (OR = 1.915, 95%C| = 1.452-2.526, P < 0.001) and NIHSS
score more than 8 points at baseline (OR = 15.140, 95%CI = 11.436-20.045, P < 0.001) after
adjustment. Ginkgolide had a greater effect on patients in a relatively acute phase (time of
onset to enrollment <30 days) and moderate-severe stroke (baseline NIHSS>8 points).
Incidences of adverse reactions in the pre-marketing and post-marketing studies were 0.46%
and 5.28%, respectively (P < 0.001).

Conclusion: Intravenous ginkgolide may improve the outcome of acute ischemic stroke.
Differences in effect between pre-marketing and post-marketing studies may be associated
with gender, time of onset to enrollment and severity of stroke.
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Introduction improvement of neuron apoptosis and neurologic defi-
cits [11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26].
Importantly, it has also been reported to improve neu-
rologic function and slow vascular cognitive impairment
in patients with acute ischemic stroke [27-30]. However,
there are hot debates in the beneficial effect of ginkgolide
and its combinations in acute ischemic stroke patients.
Only one meta-analysis failed to conclude that ginkgolide
family is an effective treatment or not [31].

Our study is aimed to perform a retrospective analysis
with pooled data from phase II to IV clinical trials, in
order to compare the consistency of the results between
the pre-marketing and post-marketing clinical studies.

Stroke is a major cause of death in China, also with
a large amount of morbidity [1-3]. In the limited time
window, the revascularization treatments in acute
ischemic stroke are considered to achieve a more
favorable outcome [4-6]. The neuroprotection agent
is a potential benefit but still less known [7]. Chinese
Guidelines stated that neuroprotectants can improve
the tolerance of brain cells during ischemia and
hypoxia [8].

Ginkgolide is a family of terpenic lactones isolated
from the root and leaves of the tree ginkgo biloba.
Ginkgolide (Baiyu®) is composed of ginkgolide ABCJ
and bilobalide. Ginkgolide was shown the contribution
on PAF antagonistic effect in both preclinical and clinical
studies. On the other hand, bilobalide combined with
ginkgolide was found its neuroprotective in acute

Methods

Study design and participants

ischemic stroke [9,10]. In rodent model, the administra-
tion of ginkgolide either before or shortly after the mid-
dle cerebral artery occlusion was found that it could
reduce the cerebral ischemia/reperfusion injury with all
aspects of infarct volume, cerebral edema reduction, and

This was a retrospective re-analysis of data from phase II,
II and IV clinical trials investigating the efficacy of
intravenous Ginkgolide (Baiyu®, an agent composited
with 51% ginkgolide ABCJ and 48% bilobalide,
Chengdu hundred pharmaceutical Co. Ltd) in patients
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with acute ischemic stroke. Detailed information of each
study were demonstrated in Supplemental Table 1. The
inclusion, exclusion and withdrawal criteria were essen-
tially consistent between the various clinical trials. The
individual trials were conducted in accordance with the
principles of the Declaration of Helsinki and approved by
the ethics committee of the participating institutions. All
study participants provided informed written consent for
inclusion in the original studies.

All the data for patients treated with intravenous
ginkgolide (10 ml) daily in the phase II, III and IV
trials were re-analyzed in the present study (any miss-
ing data were replaced by mean values). Data from the
phase II and III trials were considered together as the
pre-marketing study, and data from the phase IV trial
were considered as the post-marketing study. In phase
IT, IIL, IV trials, patients were enrolled during 7 days
to6 months after acute onset. The intravenous
Ginkgolide (Baiyu®) would be continuously performed
for 14 days. All details of the intervention were also
listed in Supplemental Table 1.

Primary endpoint

The primary endpoint was the improvement in neuro-
logic function, as assessed from the National Institutes of
Health Stroke Scale (NIHSS) score and modified Rankin
scale (mRS) score, in patients with ischemic stroke after
14 days of treatment with intravenous ginkgolide.
Effectiveness was defined as a reduction in NIHSS score
(ANIHSS) of >4 points (ie. NIHSSqqrolment
NIHSS4qy14 >4 points) or NIHSS score less than 4 [32].
Setting of the primary endpoint event was consistent
between the phase II, IIT and IV clinical trials.

Safety evaluation

Any adverse events during the test period were
recorded and their relationships with the study drug

were determined as either definitely related, highly
possibly related, possibly related, possibly unrelated
and definitely unrelated; the former three relation-
ships were judged to be an adverse response to the
study drug. In addition, the incidence of adverse
events at day 14 of treatment was calculated.

Statistical analysis

Statistical analyses were conducted using SPSS 21.0 soft-
ware (IBM Corp., Armonk, NY, USA). Measurement
data were subjected to tests of normality. Data with
a normal distribution are expressed as the mean + stan-
dard deviation (SD), and those with a non-normal dis-
tribution are expressed as median (range or interquartile
range [IQR]). Count data are expressed as 7 (%). Baseline
consistency analysis was conducted using the non-
parametric Mann-Whitney U-test. Factors associated
with the clinical effectiveness of ginkgolide were investi-
gated using binary logistic regression analysis, in which
ANIHSS was considered as the dependent variable (bin-
ary data), and age, gender, time of onset to enrollment,
systolic and diastolic blood pressure and baseline NIHSS
score were considered as independent variables (other
variables were screened out by univariate analysis using
the chi-squared test or Student’s t-test). Odds ratios
(ORs) and 95% confidence intervals (95%ClIs) were cal-
culated in the logistic regression analysis. Excluded/miss-
ing data were replaced by average values. P < 0.05 was
taken to indicate a significant difference.

Results

Baseline data for the participants in the
pre-marketing and post-marketing studies

The demographic and clinical characteristics of the par-
ticipants in the pre-marketing and post-marketing stu-
dies at enrolment are presented in Table 1. There were no
significant differences between the pre-marketing and

Table 1. Baseline clinical characteristics of the participants in the pre-marketing and post-marketing studies.

Pre-marketing study (phases Il and Ill)

Post-marketing study (phase IV)

(N =437) (N =3652) P value

Male, n (%) 225 (51.5) 2260 (61.9) <0.001
Age (years), median (interquartile) 62 (55-68) 62 (56-70) 0.045
Body mass index (kg/m?), median (interquartile) 24.2 (22.9-25.95) 24.3 (22.6-26.0) 0.841
Time from onset to enrollment (days), median (interquartile) 37 (20-75) 29 (10-60) <0.001
Blood pressure (mmHg), median (interquartile)

Systolic blood pressure 130 (130-140) 130 (125-140) 0.871

Diastolic blood pressure 80 (75-85) 80 (76-88) 0.236
Baseline NIHSS score, median (interquartile) 9 (7-11) 4 (2-6) <0.001
Baseline mRS score, median (interquartile) 3(2-3) 2 (1-3) <0.001
Comorbid diseases, n (%) <0.001

Hypertension only 77 (17.62) 1364 (37.35)

Diabetes mellitus only 19 (4.35) 231 (6.33)

Hyperlipidemia only 1(0.23) 129 (3.53)

Hyperuricemia only 0 7 (0.19)

Two of the above comorbidities 5(1.14) 580 (15.88)

Three of the above comorbidities 0 94 (2.57)

None 314 (71.85) 1247 (34.15)

mRS, modified Rankin scale; NIHSS, National Institutes of Health Stroke Scale.



post-marketing groups in body mass index, systolic
blood pressure and diastolic blood pressure, but there
were significant differences between groups in gender,
age, time of onset to enrollment, severity of stroke at
baseline, mRS score and comorbidities (P < 0.05).

Effect of ginkgolide injection on the neurologic
function of patients with acute ischemic stroke

As shown in Table 2, the NIHSS and mRS scores of
patients treated for 14 days with intravenous ginkgolide
were significantly decreased, as compared with the base-
line values at enrolment, in both the pre-marketing and
post-marketing studies (P < 0.001). As shown in Figure 1,
the proportion of patients with a mRS score <2 points
was higher after 14 days of treatment with ginkgolide
than that at baseline in the phase II study (66.3% vs.
38.8%), phase III study (60.0% vs. 34.5%) and phase IV
study (81.7% vs. 69.4%). Compared with the baseline
values, the proportion of participants in the pre-
marketing study with an mRS score of 3 points was
decreased by about 20% after 14 days of treatment with
ginkgolide (Figure 1).

Analysis of the consistency between the
pre-marketing and post-marketing studies in the
effectiveness of intravenous ginkgolide

To analyze the consistency between the pre-marketing
and post-marketing studies with regard to the effective-
ness of intravenous ginkgolide on neurologic function in
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patients with stroke, univariate analysis (using the chi-
squared test) was first performed to determine the asso-
ciations of risk factors (grouping, gender, age, time of
onset to enrollment, body mass index, systolic blood
pressure, diastolic blood pressure and baseline NIHSS
score) with ANIHSS. The univariate analysis returned
significant associations of ANIHSS with male and more
severe stroke (baseline NIHSS>8 points) (P < 0.05) but
non-significant associations of ANIHSS with grouping,
age, time of onset to enrollment, body mass index, sys-
tolic blood pressure and diastolic blood pressure.
Significant factors in the univariate analysis (gender
and baseline NTHSS) were included in the logistic regres-
sion analysis. In addition, based on clinical experience
that disease duration at enrolment could influence the
effects of PAF pathway, the time of onset to enrollment
was also entered into the logistic regression analysis.
Furthermore, since the aim of this study was to explore
whether the study type (pre-marketing or post-
marketing) influenced the observed effects of ginkgolide
therapy, grouping was also included as an independent
variable in the logistic regression analysis.

As shown in Table 3, those factors significantly asso-
ciated with ANIHSS after 14 days of therapy with
ginkgolide were grouping (pre-marketing vs. post-
marketing; OR 2.169, 95%CI = 1.462-3.216, P <
0.001), male (OR = 1.532, 95%CI = 1.152-2.037, P =
0.003), enrollment within 30 days after onset (OR =
1.915, 95%CI = 1.452-2.526, P < 0.001) and NIHSS
score more than 8 points at baseline (OR = 15.140,
95%CI = 11.436-20.045, P < 0.001) after adjustment.

Table 2. Effects of intravenous ginkgolide on NIHSS and mRS scores in participants in the pre-marketing and post-marketing

studies.
P value
Baseline After ginkgolide therapy for 14 days (Mann-Whitney U test)
National Institutes of Health Stroke Scale score
Pre-marketing study (phase Il and phase Il) 9 (7-11) 7 (5-9) <0.001
Post-marketing study (phase IV) 4 (2-6) 2 (1-4) <0.001
Modified Rankin scale score
Pre-marketing study (phase Il and phase IIl) 3(2-3) 2 (2-3) <0.001
Post-marketing study (phase IV) 2 (1-3) 1(1-2) <0.001

Data shown as median (interquartile).

Score on modified rankin scale
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Figure 1. Modified Rankin scale scores for the study participants. Shown for each clinical trial (phase Il lll and IV) are the proportions
of participants with each modified Rankin scale score at baseline and after 14 days of treatment with daily ginkgolide injections.
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Table 3. Multivariable logistic regression analysis of the factors associated with clinical improvement (ANIHSS>4) after 14 days of

therapy with ginkgolide injections.

P value 0dds ratio (95%Cl)

Grouping (post-marketing studies as reference)
Sex (female as reference)

Time of onset to enroliment (Time of onset to enroliment>30 days as reference)

NIHSS score at baseline (NIHSS score <8 points as reference)

<0.001 2.169 (1.462, 3.216)
0.003 1.532 (1.152, 2.037)

<0.001 1.915 (1.452, 2.526)

<0.001 15.140 (11.436, 20.045)

95%Cl, 95% confidence interval; NIHSS, National Institutes of Health Stroke Scale. Multivariable logistic regression was adjusted by onset age, sex, baseline

NIHSS, time of onset to enrollment and grouping.

Subgroup analyses of data from the
pre-marketing and post-marketing studies

The clinical data from the pre-marketing (phase II and
III) and post-marketing (phase IV) studies were sub-
jected to subgroup analyses to further investigate the
factors affecting the clinical effectiveness of ginkgolide
(Table 4). The effect of ginkgolide therapy on ANIHSS
was influenced by time of onset to enrollment at enroll-
ment (i.e. greater improvement for a time of onset to
enrollment <30 days vs. >30 days) in both the pre-
marketing study (OR = 2.686, 95%CI = 1.295-5.571,
P =0.008) and post-marketing study (OR = 1.655, 95%
CI = 1.219-2.248, P = 0.01). The effectiveness of gink-
golide therapy was also influenced by baseline NIHSS
score (i.e. greater improvement for a baseline NTHSS
score >8 points vs. <8 points) in both the pre-marketing
study (OR = 1.449, 95%CI = 1.161-2.507, P = 0.032)
and post-marketing study (OR = 1.053, 95%CI = 1.-
040-1.074, P < 0.001). In addition, the effect of ginkgo-
lide on ANIHSS was significantly better in male
patients than in female patients in the phase IV study
(OR = 1.508, 95%CI = 1.102-2.063, P = 0.01).

Safety analysis

Among the 437 participants in the pre-marketing
(phase II and III) study, two (0.46%) experienced
adverse reactions, which mainly manifested as facial
flushing, dizziness, headache, nausea, vomiting and
epigastric distension. No severe adverse events

occurred among participants in the pre-marketing
study.

Among the 3652 participants in the post-marketing
(phase IV) study, there were a total of 301 drug-related
adverse events in 189 patients, an incidence of 5.18%.
Severe adverse events occurred in 8 cases (0.22%). In
addition to the adverse reactions observed in the pre-
marketing group, the post-marketing group also
experienced the following adverse events: erythrasma,
pruritus, tiredness, chest tightness, palpitation,
erythema, maculopapular rash, abnormal liver func-
tion, fever and arthralgia. These adverse reactions
were mainly mild or moderate and were alleviated
after discontinuation of the drug. The frequency,
number of cases and incidence of adverse reactions
in the post-marketing group are shown in
Supplemental Table 2. Interestingly, there is no symp-
tomatic hemorrhagic stroke among 4089 cases.

Discussion

This study found that treatment with ginkgolide for 14
days resulted in reductions in the NIHSS and mRS
scores in both the pre-marketing and post-marketing
studies. Furthermore, grouping (pre-marketing vs.
post-marketing) was a factor influencing the improve-
ment in NITHSS scores after therapy, and the difference
in therapeutic effect between the pre-marketing and
post-marketing studies might also be associated with
gender, time of onset to enrollment time from onset to
enrolled and severity of stroke. In addition, subgroup

Table 4. Subgroup analyses of clinical improvement (ANIHSS > 4) from the pre-marketing and post-marketing studies.

Pre-marketing study

Post-marketing study

Subgroup (phase Il and 1) OR (95%Cl) P value (phase 1V) OR (95%Cl) P value

Gender 1.340 (0.668, 2.688) 0.410 1.508 (1.102, 2.063) 0.010
Female 15 (7.08) 70 (5.03)
Male 23 (10.22) 172 (7.61)

Age 2.537 (1.597, 6.385) 0.840 1.101 (0.821, 1.477) 0.519
265 years 17 (9.24) 104 (7.15)
<65 years 21 (8.30) 138 (6.28)

Baseline NIHSS 1.449 (1.161, 2.507) 0.032 1.053 (1.040, 1.074) <0.001
<8 11 (5.07) 83 (2.62)
>8 27 (12.27) 159 (32.92)

Baseline SBP 1.790 (1.217, 5.635) 0.330 2.545 (1.878, 3.991) 0.733
<150 mmHg 33 (8.01) 200 (6.30)
>150 mmHg 5(20.0) 42 (8.82)

Onset to enroliment 2.686 (1.295, 5.571) 0.008 1.655 (1.219, 2.248) 0.001
>30 days 12 (5.04) 79 (4.42)
<30 days 26 (13.07) 163 (8.74)

95%Cl, 95% confidence interval; NIHSS, National Institutes of Health Stroke Scale; OR, odds ratio; SBP, systolic blood pressure.



analysis showed that the effect of ginkgolide was
greater in the patients' onset less than the time of
onset to enrollment 30 days and baseline NIHSS
more than 8 points. Importantly, safety analysis
demonstrated that the incidences of adverse reactions
in the pre-marketing and post-marketing studies were
low (0.46% and 5.28%), with very few serious adverse
events (0% and 0.22%). Taken together, our findings
indicated that intravenous ginkgolide may be safe and
effective for the treatment of acute ischemic stroke in
patients in China.

It should be noted that the pre-marketing clinical
study had stringent inclusion and exclusion criteria,
with the exclusion of patients with hyperuricemia and
restrictions of baseline NIHSS and age. Therefore, the
rate of comorbidities was relatively low in pre-
marketing studies. By comparison, the post-
marketing phase IV study had less restricted inclusion
criteria and thus more closely reflected the clinical
situation in the real world. These differences in inclu-
sion and exclusion criteria between the pre-marketing
and post-marketing studies likely accounted for the
observed differences in age, time of onset to enroll-
ment, NIHSS score, mRS score and comorbidities.

The pathogenesis of cerebral infarction [33] is com-
plex and associated with platelet adhesion, vascular
endothelial injury, platelet aggregation, lipid metabo-
lism disorders, atherosclerosis and a hypercoagulable
state, as well as vascular stenosis and occlusion. Acute
cerebral infarction leads to cerebral hypoxia-induced
anoxia, which results in disorders of cell metabolism,
neurotoxicity, oxidative stress and a cascade of cellular
changes. Studies have revealed that, following cerebral
infarction, the neurons in the ischemic penumbra lose
their function but retain an intact structure. The func-
tion of these neurons may be restored to varying
degrees if the blood supply is recovered in time,
thereby reducing delayed neuronal damage [34].

Ginkgolide (Baiyu®) is consisted with two major
components, includes ginkgoid and bilobalide. Early
in-vitro studies found that ginkgolide injection could
inhibit platelet aggregation and that the antagonism of
platelet-activating factor (PAF)-induced platelet
aggregation was superior to that of aspirin and clopi-
dogrel [35,36]. Clinically, ginkgolide has been
reported the potential efficacy in the treatment of
atherosclerotic cerebral infarction, recanalization of
occluded basilar arteries and treatment of acute
ischemic stroke when given in combination with alte-
plase (within the thrombolysis time window) [37,38].
Bilobalide has been reported as neuroprotection,
maintains the integrity of vascular endothelial cells,
promotes angiogenesis and inhibits microglia [39],
and numerous studies have demonstrated that biloba-
lide can attenuate infarct volume, cerebral edema,
neuronal damage and neurologic deficits [40,41].
Clinically, a combination of bilobalide with

NEUROLOGICAL RESEARCH e 5

mecobalamin might be associated with a better out-
come in the treatment of diabetic peripheral neuro-
pathy than mecobalamin alone [42].

In this study, re-analyses of the clinical data from
pre-marketing and post-marketing studies revealed
that the NIHSS score was significantly decreased
after 14 days of treatment with ginkgolide injection,
compared with that at enrolment. These data indi-
cated that ginkgolide could improve neurologic func-
tion in patients with ischemic stroke. These findings
are consistent with previous studies in patients with
acute ischemic stroke [27-30].

The present study was not designed to elucidate the
mechanisms underlying this beneficial effect of gink-
golide. Previous studies have identified a variety of
mechanisms that might contribute to the neuropro-
tective effects of ginkgoid components, with increas-
ing cerebral blood flow [17,20], inhibition of
inflammation with reductions in the levels of nuclear
factor kappa-B, tumor necrosis factor-alpha, interleu-
kin-beta-1, interleukin-6 and other inflammatory
mediators  [15,24,40,43,44], down-regulation of
JNK1/2 and p38 MAPK signaling pathways [40],
decreased production of reactive oxygen species and
anti-oxidative actions [15,17,21,40], attenuation of
mitochondrial dysfunction [13,41], suppression of
neurotransmitter ~ release  and  excitotoxicity
[31,39,41], up-regulation of brain-derived neuro-
trophic factor [12], modulation of metabolic pathways
[45], alteration of the phenotype of microglia/macro-
phages [14], protection of blood-brain barrier integ-
rity [19,24,43], enhanced astrocyte viability/activity
and secretion of erythropoietin [46] and activation of
pathways involving heme oxygenase-1 [16,23,26]. Of
note, there is no symptomatic hemorrhagic stroke
over 4000 cases in our study. We would like to hypoth-
esis the ginkgolide as a safe PAF antagonism which
might reduce the risk of hemorrhagic event. In recent
years, studies have found that risk factors for the
occurrence of stroke include previous stroke, age,
hypertension, hyperlipidemia, body mass index,
smoking and alcohol [47]. In this study, the beneficial
effect of ginkgolide was found to be associated with
gender, severity of stroke at enrollment and time of
onset to enrollment, while the benefits were unlikely to
be diminished by age or other comorbidities.
Furthermore, all these results were consistent between
the phase II-III and phase IV trials. Further studies are
needed to confirm and extend these interesting
findings.

This retrospective study has several limitations.
Firstly, this is a retrospective study of previous studies.
Therefore, we only had limited data due to the pre-
vious study protocols. The protocols and study year
were varied which caused the stroke population of
pre-marketing studies and post-marketing study vary-
ing in our study. This may cause the limitation to
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extend our findings to whole stroke population.
Secondly, we have reported the outcome as NIHSS
improvement after short-term treatment. Although it
would be more meaningful there was an improvement
in mRS which indicated the function outcome, the
trend in NIHSS scores was consistent with that of
mRS which was more sensitive. Finally, the present
study was not designed to elucidate the mechanisms
underlying this beneficial effect of ginkgolide.
Although there were several hypotheses in PAF antag-
onism and neuroprotective effect, further rando-
mized-controlled studies on mechanism are needed
to prove the effectiveness.

In summary, intravenous ginkgolide in the first 30
days after stroke were effective at improving the neu-
rologic function of patients with acute ischemic stroke.
The beneficial effect of ginkgolide was greater in
males, in patients with a baseline NIHSS score >8
points (i.e. more severe neurologic deficit). In addi-
tion, the phase II/III/IV clinical studies demonstrated
that the therapy was well tolerated, with a low inci-
dence of adverse events and a very low incidence of
serious adverse events. Future studies could be focused
on additional antiplatelet agent, such like ginkoglide
to prevent a recurrent stroke.
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