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Abstract: The objective of this systematic review was to evaluate current evidence for the
efficacy of Ginkgo biloba extract EGb 761® in dementia. Seven of 15 randomized, placebo-
controlled trials in patients with dementia identified by database searches met all our selection
criteria and were included in the meta-analysis. In these trials, patients were treated with 120 mg
or 240 mg per day of the defined extract EGb 761 or placebo. Efficacy was assessed using
validated tests and rating scales for the cognitive domain, the functional domain (activities of
daily living), and global assessment. Tolerability was evaluated by risk differences based on
incidences of adverse events and premature discontinuation rates. Of 2,684 outpatients random-
ized to receive treatment for 2226 weeks, 2,625 represented the full analysis sets (1,396 for
EGDb 761 and 1,229 for placebo). Standardized mean differences for change in cognition (—0.52;
95% confidence interval [CI] —0.98, —0.05; P=0.03), activities of daily living (—0.44; 95%
CI —0.68, —0.19; P<<0.001), and global rating (-0.52; 95% CI —0.92, —0.12; P=0.01) signifi-
cantly favored EGb 761 compared with placebo. Statistically significant superiority of EGb
761 over placebo was confirmed by responder analyses as well as for patients suffering from
dementia with neuropsychiatric symptoms. Treatment-associated risks in terms of relative risks
of adverse events and premature withdrawal rates did not differ noticeably between the two
treatment groups. In conclusion, meta-analyses confirmed the efficacy and good tolerability of
Ginkgo biloba extract EGb 761 in patients with dementia.

Keywords: Alzheimer’s disease, vascular dementia, mixed dementia, efficacy, safety

Introduction

The most frequent pathologies underlying dementia in the elderly are Alzheimer’s
disease (AD) pathology (ie, plaques and tangles) and cerebrovascular disease. Pure
AD and pure vascular dementia (VaD) exist, yet a mix of the two pathologies is found
most frequently in neuropathology studies.!? While treatments targeting plaque and
tangle pathology have largely failed so far, cholinesterase inhibitors, memantine, and
quantified ginkgo leaf extract have been found to be effective in the symptomatic
treatment of dementia and are recommended by current guidelines.?

Ginkgo biloba extract EGb 761® interferes with pathogenic mechanisms involved
in both AD and VaD. It restores impaired mitochondrial function, thereby improving
neuronal energy supply,* improves compromised hippocampal neurogenesis and
neuroplasticity,” inhibits the aggregation and toxicity of AP protein,® decreases blood
viscosity, and enhances microperfusion.” In a recent study, EGb 761 specifically
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increased dopamine levels in the rat prefrontal cortex, which
is involved in working memory and executive control.?

The clinical efficacy of defined quantified Ginkgo biloba
extract EGb 761 in the treatment of dementia has been
assessed by a series of randomized, placebo-controlled,
double-blind clinical trials. Findings from most of these
studies have been jointly evaluated by meta-analyses,’'? but
data from two further clinical trials'*'* have become avail-
able after publication of the latest review.'2 Therefore, in this
study up-to-date meta-analyses were performed including
data from these two trials.

The composition of a plant extract, in particular the
quantities and proportions of pharmacodynamically active
molecules, is determined by the quality of the raw material,
the extraction solvent(s), and the extraction process. There-
fore, it is evident that each Ginkgo biloba extract is an active
substance on its own and that the efficacy and safety of each
individual extract is to be demonstrated in separate studies.
Hence, for a systematic review and meta-analysis to yield
reasonable and interpretable results, it is mandatory that only
studies using one defined extract are included. EGb 761 is a
dry extract from Ginkgo biloba leaves (35-67:1), extraction
solvent:acetone 60% (weight/weight). The extract is adjusted
to 22.0%-27.0% ginkgo flavonoids, calculated as ginkgo
flavone glycosides, 5.0%—7.0% terpene lactones consisting
of 2.8%—3.4% ginkgolides A, B, and C, and 2.6%—3.2%
bilobalide, and contains less than 5 ppm ginkgolic acids.
(EGb 7617 is a registered trademark of Dr Willmar Schwabe
GmbH & Co. KG, Karlsruhe, Germany.)

Methods

Data sources

To identify potentially eligible studies, we used a sensitive
search strategy involving the largest databases of research
publications in the field: PubMed, including and excluding
MedLine (to December 2012), EMBASE (from January 2006
to December 2011), and PASCAL (to December 2011). The
following search terms were used (with * characterizing a
wildcard, and the items AND and OR being used as Boolean
functions): (ginkg* OR gingk*) AND clinical trial[pt] for
PubMed including MedLine, ((ginkg* OR gingk*) NOT
medline[sb]) AND (clinical* OR trial OR randomized) for
PubMed excluding MedLine, (GINKGO OR GINGKO)
AND (HUMAN/CT OR HOMME/CTFR) for PASCAL
and (ginkgo or gingko) AND CT=(CLINICAL TRIAL;
CLINICAL STUDY; DOUBLE BLIND PROCEDURE)
AND py>2005 for EMBASE. The search was repeated in
December 2013; no new trials were identified. Further, the

reference sections of systematic reviews were screened for
primary publications.

Selection of clinical trials

Trials were eligible for inclusion if they were placebo-
controlled, randomized, double-blind clinical trials of at
least 20 weeks in duration, assessing the effects of an oral
dosage form of EGb 761 in patients with a diagnosis of AD,
VaD, or mixed dementia (ie, with features of both AD and
cerebrovascular disease), if the diagnosis was established in
accordance with internationally accepted diagnostic criteria
(Diagnostic and Statistical Manual of Mental Disorders,
Third Revised or Fourth Edition (DSM-III-R, DSM-1V),>:16
International Classification of Diseases Tenth Revision
(ICD-10),"” National Institute of Neurological and Com-
municative Disorders and Stroke, Alzheimer’s Disease
and Related Disorders Association (NINCDS-ADRDA),'
or the National Institute for Neurological Disorders and
Stroke and Association Internationale pour la Recherche
et ’Enseignement en Neurosciences (NINDS-AIREN)," and
if outcome measures were defined for at least two of the three
typical domains of assessment in dementia, ie, cognition,
activities of daily living (ADL), and clinical global judgment.
Trials including mostly patients with other diagnoses, such
as aging-associated memory impairment or mild cognitive
impairment, and trials using EGb 761 as add-on treatment
to cholinesterase inhibitors, were excluded.

Data extraction and critical appraisal

of clinical trials

Trial and publication quality were assessed in terms of
randomization and allocation concealment, blinding of
patients and investigators, sample size estimation, handling
and reporting of trial discontinuations, application of the
intent-to-treat principle, and relevant data inconsistencies.
All included trials adequately met these quality criteria, with
Jadad scores ranging from 3 (two trials) to 5 (five trials). All
clinical outcomes were assessed in the intention-to-treat/
full-analysis sets. All relevant demographic and efficacy-
related data were extracted from the published papers and
entered into the software used for analysis. One paper was
not published in English, but a complete translation was
available to the authors.'

Statistical analysis

Effects on rating scales were expressed as standardized mean
differences (SMDs, in the event of different outcomes in
aggregated trials) or mean differences (same outcome in every
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clinical trial), as appropriate for the comparison, with 95%
confidence intervals (CIs). Since considerable heterogene-
ity between the trials was expected, a random effects model
was used to calculate the combined effect estimate using the
inverse variance method. If different dose levels were used in
different treatment arms, the treatment group with the higher
dosage was chosen for the meta-analysis. Sensitivity analyses
were performed for daily dose (120 mg or 240 mg EGb 761
per day) and for clinical trials including patients with neurop-
sychiatric symptoms (NPS). For binary (safety) data, effect
measures were presented as risk ratios (RRs) with correspond-
ing 95% Cls. Fixed effects meta-analyses of binary safety data
were performed using the inverse variance method. Since
clinical and methodological diversity always occur in meta-
analyses, statistical heterogeneity is inevitable.?’ To quantify
inconsistency, the P statistic was calculated. According to
the Cochrane Handbook for Systematic Reviews of Interven-
tions version 5.1.0, the importance of the observed value of
I? depends on the magnitude and direction of effects.”’ An /?
of at least 50% together with different directions of effects
(ie, some trials favoring active treatment and others favoring
placebo with an absolute SMD of at least 0.3) was taken as
an indicator of substantial heterogeneity. Heterogeneity was
classified as moderate if /> was at least 50% and directions
of treatment effects did not differ. In the case of moderate or
substantial heterogeneity, the effect was examined by remov-
ing single trials from the analysis.

For each single trial, the response rates in the cogni-
tion and global judgment domains were compared between
EGD 761 and placebo groups using odds ratios and 95%
Cls. The combined odds ratios were calculated using the
Mantel-Haenszel method in random effects meta-analyses
and presented with 95% Cls.

The safety of EGb 761 was assessed by comparing rates
of patients with at least one adverse event, patients with at
least one serious adverse event, and rates of dropouts due
to adverse events between the treatment groups. The meta-
analyses were performed using Review Manager version 5
(The Cochrane Collaboration, Oxford, UK). In all analyses,
statistical significance was assumed at P<<0.05.

Results

Clinical trial characteristics

Fifteen randomized, placebo-controlled clinical trials assess-
ing the effects of oral dosage forms of EGb 761 in patients
with dementia were retrieved. Eight trials were excluded
from the meta-analysis because they did not meet the selec-
tion criteria (Table 1).22%

The remaining seven trials fulfilled all selection criteria
outlined above and were found to be methodologically ade-
quate. They were therefore included in the meta-analysis. All
patients enrolled in these trials were diagnosed with demen-
tia, specified as AD, VaD (or its special form, multi-infarct
dementia), or mixed dementia (with features of AD and cere-
brovascular disease), according to widely accepted diagnostic
criteria. Only patients with mild or moderate dementia were
included in the studies (operationally defined, eg, by severity
criteria of the DSM-III-R or cognitive scores).

Seven clinical trials with 2,684 randomized patients
(1,423 for EGb 761 and 1,261 for placebo) will be described.
In two trials, a daily dose of 120 mg EGb 761 was admin-
istered in one treatment arm.’*3? In six trials, a daily dose
of 240 mg was administered.!*!*323¢ In six clinical trials,
patients with NPS were accepted for inclusion. !3:143031.333¢ [y
four of these trials, only patients with clinically significant
NPS were eligible for inclusion;!3!*3>3¢ in the remaining
two trials, patients with or without NPS were accepted.’**
In fact, more than 90% of patients enrolled in the two latter
trials presented NPS.?7 Patients meeting diagnostic criteria
for a concomitant psychiatric disorder were excluded from
all trials.

Characteristics of the included trials are presented in
Table 2. Trial quality was appropriate, with Jadad scores
of 31432 and 5.13:30.33.353¢ [n total, 2,625 randomized patients
(1,396 for EGb 761 and 1,229 for placebo) could be evalu-
ated with respect to efficacy of EGb 761 compared with
placebo. Within each trial, the rates of female patients were
similar across the treatment groups and varied between
50% and 86%. The mean age was between 63 and 79 years.
With respect to anthropometric data, eg, height, weight, and
body mass index, no relevant differences were observed
between the treatment groups in the selected clinical tri-
als. Within each trial, mean baseline values of cognitive
scores, ADL scores, and global assessment (if available)
were comparable between active treatment and placebo
groups (Table 3).

Continuous outcome variables (changes

from baseline)

Clinical outcomes at study end, ie, at 22—-26 weeks, consid-
ering the whole patient group and subgroups, are described
here. The results are presented within three domains of
assessment. Negative changes in outcome variables indicate
improvement. Negative (standardized) mean differences
indicate a greater improvement in EGb 761 as compared
with placebo.
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Table | Placebo-controlled clinical trials assessing the effects of EGb 761° in patients with dementia

Clinical trials included in the meta-analysis
Trial
Herrschaft et al'?

Diagnostic criteria/main inclusion criteria
NINCDS/ADRDA probable Alzheimer’s disease or NINDS/AIREN probable vascular dementia or mixed

form; age =50 years, TE4D =35, SKT 9-23 (MMSE 14-257), NPI total score =5

Ihl et al®®

NINCDS/ADRDA probable Alzheimer’s disease or NINDS/AIREN probable vascular dementia or mixed

form; age =50 years, TE4D =35, SKT 9-23 (MMSE 14-25%), NPI total score =5

Kanowski et al**3*
Le Bars et al®*?!
Napryeyenko et al*®

DSM llI-R, Alzheimer’s disease or vascular dementia; age =55 years, MMSE [3-25, SKT 6-18
DSM llI-R and ICD-10, Alzheimer’s disease or vascular dementia; age =45 years, MMSE 9-26, GDS 3-6
NINCDS/ADRDA probable Alzheimer’s disease or NINDS/AIREN probable vascular dementia or mixed

form; age =50 years, TE4D =35, SKT 9-23 (MMSE [4-257), NPI total score =5

Nikolova et al'

NINCDS/ADRDA probable Alzheimer’s disease or NINDS/AIREN probable vascular dementia or mixed

form; age =50 years, TE4D =35, SKT 9-23 (MMSE 14-257), NPI total score =5

Schneider et al*?
Clinical trials excluded from meta-analysis
Trial

Hofferberth?
Mancini et al?*
Maurer et al?
Mazza et al?® Treatment was not EGb 761

McCarney et al?®

NINCDS/ADRDA probable Alzheimer’s disease; Hachinki Ischemia Score =4, age =60 years, MMSE 10-24

Reasons for exclusion from meta-analysis

Clinical diagnosis without application of formal diagnostic criteria
Clinical diagnosis without application of formal diagnostic criteria
Treatment period less than 20 weeks

Clinical diagnosis of dementia without application of formal diagnostic criteria; ongoing treatment with

cholinesterase inhibitors in a substantial proportion of patients; statistical analysis inadequate for factorial

study design with different intensity of follow-up

Rai et al??
Van Dongen et al?’
Weitbrecht and Jansen?

Only cognitive assessment, no second clinical outcome
Inclusion diagnosis was aging-associated memory impairment in most patients
Clinical diagnosis without application of formal diagnostic criteria

Note: *Range of MMSE scores corresponding to SKT 9-23.#

Abbreviations: DSM-III-R, Diagnostic and Statistical Manual of Mental Disorders, Third Edition Revised; GDS, Global Deterioration Scale; ICD- 10, International Classification of
Diseases, Tenth Edition; MMSE, Mini-Mental State Examination; NINCDS/ADRDA, National Institute of Neurological and Communicative Disorders and Stroke/Alzheimer’s
Disease and Related Disorders Association; NINDS/AIREN, National Institute of Neurological Disorders and Stroke/Association Internationale pour la Recherche et
'Enseignement en Neurosciences; NPI, Neuropsychiatric Inventory; TE4D, Test for the Early Detection of Dementia with Differentiation from Depression; SKT, Short

Cognitive Performance Test (Syndrom-Kurztest).

Cognition

All included trials (n=7) evaluated cognition, five!31433:3536
using the SKT Short Cognitive Performance Test (Syndrom-
Kurztest)**3? and two*3? using the cognitive subscale of the
Alzheimer’s Disease Assessment Scale (ADAS-cog).* The
SKT was preferred in the European trials. It does not use word
lists or other language-bound test material, and is therefore
particularly feasible for use in different countries and cultures
without the need to create numerous different versions for dif-
ferent cultures and languages. The validity of the SKT across
cultures and languages has been demonstrated.*'** The high
correlation between SKT and ADAS-cog scores suggests that
both tests largely measure the same abilities.*

Five of seven trials significantly favored EGb 761 over
placebo. Meta-analysis showed a significant difference
in favor of EGb 761 (SMD -0.52; 95% CI —0.98, —0.05;
P=0.03, n=7). Heterogeneity was classified as moderate
(PP=97%, no trial favored placebo; Figure 1A). ? could be
reduced to 85% by removing the trial with the best results
for EGb 761 compared with placebo.*® The statistical sig-
nificance of the overall treatment effect was not affected

by removing this trial (SMD —0.29; 95% CI -0.51, —0.06;
P=0.01). Since most trials used the SKT as the cognitive
outcome, and the SKT correlates well with ADL,* a separate
meta-analysis of effects on the SKT total score was calculated
(Figure 1B).

The effects of EGb 761 on cognition were dose-dependent
(Figure 1C and D). At the higher daily dose (240 mg), EGb
761 showed a significantly better overall effect on cognition
than placebo (Figure 1D). In patients with NPS, improvement
in cognition was significantly greater in patients treated with
EGD 761 than in those receiving placebo (Figure 1E).

Activities of daily living

ADL were evaluated in all included trials. Two trials®**? used
the Geriatric Evaluation by Relative’s Rating Instrument
(GERRI),* two trials'*** used the Activities of Daily Living
Subscale of the Gottfries-Brane-Steen Scale (GBS-ADL),*
and two trials'**® employed the Alzheimer’s Disease Activi-
ties of Daily Living International Scale (ADL-IS).*¢ In one
trial**** the Nuremberg Gerontopsychological Observation
Scale (NAB, Niirnberger Alters-Beobachtungsskala)*’ was
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Table 3 Baseline scores

Clinical trial Treatment groups n® Cognition scale ADL scale Global assessment Depression scale
Kanowski et al**3** EGb 240 mg 106 SKT 10.5(3.2) NAB 21.5(3.8) CGl (item |) 4.8 (0.8) MADRS 15.7 (7.2)
Placebo 99 11.2 (3.3) 21.1 3.7) 4.7 (0.8) 16.2 (7.2)
Le Bars et al®*?! EGb 120 mg 155 ADAS-cog 20.0 (16.0) GERRI 2.1 (0.6) CGl (item I) 3.5(1.0) HAMD 5.1 (4.5)
Placebo 154 20.5 (14.7) 2.1 (0.6) 3.4 (0.8) 47 (4.2)
Schneider et al®>  EGb 240 mg 170 ADAS-cog 24.8 (12.7) GERRI 2.4 (0.5) ADCS-CGIC - HAMD 3.3 (3.1)
EGb 120 mg 169 24.7 (12.7) 2.4 (0.6) - 3.6 (3.2)
Placebo 174 25.0 (11.1) 2.4 (0.6) - 34(32)
Nikolova et al'* EGb 240 mg 196 SKT 149 (43) GBS-ADL 2.3 (3.4) GBS- total score 26.0 (13.1) HAMD 9.5 (4.1)
Placebo 201 154 (4.2) 2.6 (3.6) 26.7 (12.7) 9.0 (3.8)
Napryeyenko EGb 240 mg 198 SKT 15.6 (3.9) GBS-ADL 4.8 (3.9) GBS- total score 35.3 (9.1) HAMD 11.54.3)
et al’® Placebo 197 154 (3.7) 49 4.1) 343 (8.7) 11.8 (4.4)
Ihl et al®® EGb 240 mg 202 SKT 16.7 3.9) ADL-IS 1.9 (0.6) ADCS-CGIC - HAMD 9.1 (3.4)
Placebo 202 172 3.7) 2.0 (0.5) - 9.8 (3.5)
Herrschaft et al'®  EGb 240 mg 200 SKT I5.1 (4.1) ADL-IS 1.7 (0.6) ADCS-CGIC - HAMD 9.3 (4.4)
Placebo 202 153 (4.2) 1.8 (0.6) - 9.4 (4.5)

Notes: *n includes all patients valid for evaluation of efficacy (full analysis set). Data are presented as the mean (standard deviation).

Abbreviations: ADAS-cog, cognitive subscale of the Alzheimer’s Disease Assessment Scale; ADL, activities of daily living; EGb, EGb 761®; CGlI, Clinical Global Impression;
CGIC, Clinical Global Impression of Change; ADCS-CGIC, Alzheimer’s Disease Cooperative Study Clinical Global Impression of Change; NAB, Nuremberg Gerontopsychological
Observation Scale; GERRI, Geriatric Evaluation by Relatives Rating Instrument; GBS, Gottfries-Brane-Steen scale; GBS-ADL, Gottfries-Brane-Steen Activities of Daily Living Scale;
ADL-IS, Alzheimer’s Disease Activities of Daily Living International Scale; HAMD, Hamilton Depression Rating Scale; MADRS, Montgomery-Asberg Depression Rating Scale; SKT,

Short Cognitive Performance Test (Syndrom-Kurztest).

and thus matches most closely what is considered to be a
clinically relevant change on the ADAS-cog. For global
assessment, any improvement in a clinician’s global assess-
ment (CGIC, ADCS-CGIC) after 24 weeks is generally
considered as clinically relevant in a naturally progressing
disease like dementia.’

Cognition

The odds ratios were significantly higher than 1, ie, in favor
of EGb 761, in four of the seven trials. The meta-analysis
demonstrated significant superiority of EGb 761, with
an overall odds ratio of 2.48 (95% CI 1.17, 5.28; P=0.02;
Figure 4A). Heterogeneity (=93%) was mainly attributable
to the trial reported by Napryeyenko et al.>* Excluding
this trial from the analysis resulted in an I of 75%, and the
superiority of EGb 761 over placebo remained statistically
significant (odds ratio 1.67; 95% CI 1.11, 2.53; P=0.01).

Clinical global impression

Traditional CGIC, ADCS-CGIC, and GBS total scores were
used to evaluate global change from baseline as described
above. Meta-analysis of treatment response combines data from
clinical trials using traditional CGIC and ADCS-CGIC.

In three trials,'***3%3% the odds ratios for improvement
were significantly higher than 1. The combined odds ratio was
statistically significant in favor of EGb 761 (odds ratio 3.18,
95% CI 1.78, 5.67; P<<0.0001; Figure 4B). Heterogeneity
(I’=81%) was mainly caused by one trial.?33* Excluding this
trial resulted in an 2 of 63%, and the superiority of EGb 761
compared with placebo remained statistically significant.

Adverse events

The proportions of patients who reported at least one adverse
event were slightly higher with EGb 761 than with placebo in
two studies.!*333* Nearly equal proportions in both treatment
groups were observed in five trials.'#30323536 Qverall, there is
no suggestion of an increased risk for adverse events under
active treatment (RR 0.96, 95% CI 0.90, 1.01; Figure 5A).
The numbers of patients with serious adverse events were
comparable across treatment groups in all included trials
(RR 0.89,95% CI0.56, 1.40; Figure 5B).!3!4303¢ The adverse
events reported most frequently were headache (EGb 761
11% and placebo 14%), dizziness (5% and 9%, respectively),
hypertension (4% and 4%, respectively), tinnitus (3% and 4%,
respectively), angina pectoris (3% and 4%, respectively), and
respiratory tract infections (3% and 3%, respectively).

In two trials, study termination due to an adverse event was
documented for only one patient (Kanowski et al** placebo
group; Napryeyenko et al** EGb 761 group). These trials were
therefore excluded from the overall evaluation. In four of the five
remaining trials,'*3%32% the incidence of premature termination
due to an adverse event was slightly higher in the EGb 761 group,
whereas in one trial* it was higher in the placebo group. Over-
all, the RR was slightly increased in patients taking EGb 761
(1.51,95% C1 0.87, 2.60; Figure 5C). Adverse events that led
to early termination in more than one case in either treatment
group were typical symptoms of dementia, such as agitation
(EGb 761, three patients; placebo, one patient), anxiety (two and
one, respectively), and insomnia (two and none, respectively),
or unspecific symptoms that may have a variety of underlying
causes, such as constipation (EGb 761, two patients; placebo,
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A
Study or subgroup EGb 761 Placebo SMD SMD
Mean SD Total Mean SD Total Weight IV, random, 95% CI IV, random, 95% CI
Herrschaft et al' 2.2 3.5 200 -0.3 3.7 202 14.4% —0.53 (-0.73, —-0.33) -
Ihl et al® -14 28 202 03 27 202 14.4% —0.62 (-0.82, -0.42) -
Kanowski et al®3* -2.1 3.1 105 -1 3.1 98 14.0% —0.35 (-0.63, —-0.08) -
Le Bars et al®*%! -0.3 5.35 136 1 532 134 14.2% —0.24 (-0.48, -0.00) ™
Napryeyenko et al*® -3.2 23 198 1.3 24 197 14.2% -1.91 (-2.15, -1.67) Eal
Nikolova et al'* -2.2 3.6 196 -2 4 201 14.4% —0.05 (-0.25, 0.14) -T
Schneider et al*? 1.3 55 170 0.9 56 174 14.3% 0.07 (-0.14, 0.28) T
Total (95% Cl) 1,207 1,208 100.0%  —0.52 (-0.98, —0.05) -
Heterogeneity: Tau?=0.38; Chi>=189.27, df=6 (P<0.00001); P=97% t t t t

2 4 0 1 2

Test for overall effect: Z=2.18 (P=0.03) Favors EGb 761 Favors placebo
Y \

Study or subgroup EGb 761 Placebo Mean difference Mean difference
Mean SD Total Mean SD Total Weight IV, random, 95% CI IV, random, 95% CI
Herrschaft et al™ 2.2 3.5 200 -0.3 3.7 202 19.9% —1.90 (-2.60, —1.20) =
Ihl et al®® -1.4 28 202 0.3 27 202 20.3% —1.70 (-2.24,-1.16) .
Kanowski et al®*3* -2.1 3.1 105 -1 3.1 98 19.6% —1.10 (-1.95, -0.25) o
Napryeyenko et al*® -3.2 23 198 1.3 24 197  20.4% —4.50 (—4.96, —4.04) =
Nikolova et al™ 22 36 196 -2 4 201 19.8% —0.20 (-0.95, 0.55) ™
Total (95% Cl) 901 900  100.0%  —1.90 (-3.50,-0.29) g
Heterogeneity: Tau?=3.24; Chi?=129.31, df=4 (P<0.00001); P=97% _L 52 ; i j‘
Test f Il effect: Z=2.31 (P=0.02 .
est for overall effect 31(P=0.02) Favors EGb 761 Favors placebo
Study or subgroup EGb 761 120 mg Placebo Mean difference Mean difference
Mean SD Total Mean SD Total Weight IV, random, 95% CI IV, random, 95% CI

Le Bars et al**3! -0.3 5.35 136 1 532 134 49.5% —1.30 (-2.57,-0.03) i
Schneider et al*? 1.6 58 169 09 56 174 50.5% 0.70 (-0.51, 1.91) ] -
Total (95% Cl) 305 308 100.0%  —0.29 (-2.25, 1.67)
Heterogeneity: Tau?=1.60; Chi?=4.99, df=1 (P=0.03); P=80% RN 5 1 y
Test for overall effect: Z=0.29 (P=0.77) Favors EGb 761 120 mg Favors placebo
Study or subgroup EGb 761 240 mg Placebo SMD SMD

Mean SD Total Mean SD Total Weight IV, random, 95% CI IV, random, 95% CI
Herrschaft et al' 22 35 200 -03 37 202 16.8%  —-0.53 (-0.73,-0.33) -
Ihl et al®® -1.4 28 202 0.3 27 202 16.8% —-0.62 (-0.82, -0.42) -
Kanowski et al®*3* 21 3.1 105 -1 3.1 98 16.4% —0.35 (-0.63, —0.08) —
Napryeyenko et al*® -3.2 23 198 1.3 24 197 16.6%  -1.91(-2.15,-1.67) -
Nikolova et al'* 2.2 3.6 196 -2 4 201 16.8% —0.05 (-0.25, 0.14) -
Schneider et al*? 1.3 55 170 0.9 56 174 16.7% 0.07 (-0.14, 0.28) -
Total (95% ClI) 1,071 1,074 100.0% —0.56 (-1.10,-0.03) -
Heterogeneity: Tau?=0.44; Chi?=184.84, df=5 (P<0.00001); #=97% _32 _51 s 1 2

Test for overall effect: Z=2.05 (P=0.04) Favors EGb 761 240 mg Favors placebo

E
Study or subgroup EGb 761 Placebo SMD SMD

Mean SD Total Mean SD Total Weight IV, random, 95% CI IV, random, 95% CI
Herrschaft et al*® 22 35 200 -03 37 202 16.8% —0.53 (-0.73, -0.33) -
Inl et al*® -1.4 28 202 0.3 2.7 202 16.8% —0.62 (-0.82, -0.42) -
Kanowski et al*** -2.1 3.1 105 -1 3.1 98 16.4% —0.35 (-0.63, —0.08) -
Le Bars et al®*¥' -0.3 535 136 1 532 134 16.6% —0.24 (-0.48, —0.00) ™
Napryeyenko et al*® -3.2 23 198 1.3 24 197 16.6% -1.91 (-2.15, -1.67) -
Nikolova et al™ 2.2 3.6 196 -2 4 201 16.8% —0.05 (-0.25, 0.14) -
Total (95% CI) 1,037 1,034 100.0% -0.62(-1.12,-0.11) "

! )

Heterogeneity: Tau?=0.39; Chi?=157.90, df=5 (P<0.00001); P=97%

L .
-2 -1 0 1 2
Test for overall effect: Z=2.38 (P=0.02)

Favors EGb 761 Favors placebo

Figure | Change in scores for cognition (SKT, ADAS-cog).

Notes: (A) All trials, (B) trials using the SKT, (C) daily dose of EGb 761 120 mg, (D) daily dose of EGb 761 240 mg, and (E) studies in patients with NPS.

Abbreviations: ADAS-cog, cognitive subscale of the Alzheimer’s Disease Assessment Scale; EGb, EGb 761®; SKT, Short Cognitive Performance Test (Syndrom-Kurztest);
NPS, neuropsychiatric symptoms; Cl, confidence interval; SD, standard deviation; SMD, standardized mean difference; IV, inverse variance method.
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A
Study or subgroup EGb 761 Placebo SMD SMD
Mean SD Total Mean SD Total Weight IV, random, 95% CI IV, random, 95% CI
Herrschaft et al™ -0.1 04 200 O 0.3 202 14.6% -0.28 (-0.48,-0.09) =
Inl et al*® -0.2 029 202 O 0.32 202 14.6%  -0.65(-0.85,-0.45) -
Kanowski et al®*3 -0.8 1.9 106 -04 21 98 13.4%  -0.20 (-0.47,0.08) T
Le Bars et al*?! -0.05 042 138 0.07 041 132 14.0% -0.29 (-0.53,-0.05) ]
Napryeyenko et al®®*  —1.9 27 198 09 24 197 144%  -1.09 (-1.31,-0.88) -
Nikolova et al™ -0.1 21 196 03 22 201 14.6%  —0.19 (-0.38,0.01) 7
Schneider et al*? 0 03 170 01 03 174 144%  -0.33 (-0.55,-0.12) ——
Total (95% Cl) 1,210 1,206 100.0% —0.44 (-0.68,-0.19) -
Heterogeneity: Tau?=0.10; Chi?=55.34, df=6 (P<0.00001); P=89% _é _% s 1: 2:
Test for overall effect: Z=3.45 (P=0.0006) Favors EGb 761 Favors placebo
B
Study or subgroup EGb 761 120 mg Placebo Mean difference Mean difference
Mean SD Total Mean SD Total Weight IV, random, 95% CI IV, random, 95% CI
Le Bars et al*®% -0.05 042 138 0.07 041 132 462% -0.12(-0.22,-0.02) — & ——
Schneider et al* 0.1 04 169 0.1 0.3 174 53.8% 0.00(-0.07, 0.07)
Total (95% Cl) 307 306 100.0% -0.06 (-0.17,0.06)
Heterogeneity: Tau?=0.01; Chi?=3.59, df=1 (P=0.08); P=72% f f f t f
Test for overall effect: Z=0.93 (P=0.35) —02 01 0 01 02
Favors EGb 761120 mg  Favors placebo
C
Study or subgroup EGb 761 240 mg Placebo SMD SMD
Mean SD Total Mean SD Total Weight IV, random, 95% CI IV, random, 95% CI
Herrschaft et al'® -0.1 04 200 O 0.3 202 17.0% -0.28(-0.48,-0.09) —
Inl et al*® -02 029 202 0 0.32 202 16.9% -0.65 (-0.85, -0.45) —
Kanowski et al®* -0.8 1.9 106 -04 21 98 15.7% —0.20 (-0.47, 0.08) T
Napryeyenko et al®* —1.9 27 198 09 24 197 16.7% -1.09(-1.31,-0.88) —*—
Nikolova et al* -0.1 21 196 0.3 22 201 16.9% -0.19(-0.38,0.01) —
Schneider et al®? 0 03 170 0.1 0.3 174 16.7% -0.33 (-0.55,-0.12) —
Total (95% CI) 1,072 1,074 100.0% -0.46 (-0.74,-0.18) R
Heterogeneity: Tau?=0.11; Chi2=53.43, df=5 (P<0.00001); P=91% _% _055 S 055 1‘
Test for overall effect: Z=3.18 (P=0.001) Favors EGb 761 2'40 mg Favérs placebo
D
Study or subgroup EGb 761 Placebo SMD SMD
Mean SD Total Mean SD Total Weight IV, random, 95% CI IV, random, 95% CI
Herrschaft et al'® -0.1 04 200 O 0.3 202 17.0% —0.28 (-0.48,-0.09) =
Ihl et al®® -02 029 202 0 0.32 202 17.0% —0.65(-0.85,-0.45) -
Kanowski et al®*% -0.8 19 106 -04 21 98 15.8% -0.20 (-0.47, 0.08) T
Le Bars et al®** -0.05 042 138 0.07 041 132 16.4% -0.29 (-0.53,-0.05) —
Napryeyenkoetal® -19 27 198 0.9 24 197 16.8% -1.09 (-1.31,-0.88) -
Nikolova et al'* -16 81 19 -02 7.8 201 17.0% -0.18 (-0.37,0.02) -
Total (95% Cl) 1,040 1,032 100.0% —0.45 (-0.74, —0.16) e
Heterogeneity: Tau?=0.12; Chi2=54.58, df=5 (P<0.00001); ”P=91% _é _% ) 1 2

Test for overall effect: Z=3.03 (P=0.002)

Favors EGb 761 Favors placebo

Figure 2 Change in scores for activities of daily living (NAB, GERRI, GBS-ADL, ADL-IS).

Notes: (A) All trials, (B) daily dose of EGb 761 120 mg, (C) daily dose of EGb 761 240 mg, and (D) studies in patients with NPS.

Abbreviations: EGb, EGb 761%; NAB, Nuremberg Gerontopsychological Observation Scale; GERRI, Geriatric Evaluation by Relatives Rating Instrument; GBS-ADL,
Gottfries-Brane-Steen Activities of Daily Living Scale; ADL-IS, Alzheimer’s Disease Activities of Daily Living International Scale; Cl, confidence interval; SD, standard deviation;

SMD, standardized mean difference; IV, inverse variance method.

one patient), nausea (two and none, respectively), headache
(one and three), and dizziness (none and three).

Discussion
This meta-analysis included all large, randomized, placebo-
controlled, double-blind clinical trials of the defined,

quantified Ginkgo biloba extract EGb 761 in patients
prospectively diagnosed with dementia (AD, VaD, or
dementia with mixed AD/vascular pathology) in accordance
with internationally accepted criteria, treated for at least 20
weeks, and assessing efficacy in at least two of the three
traditionally specified domains, ie, cognition, ADL, and
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Study or subgroup EGb 761 Placebo SMD SMD
Mean SD Total Mean SD Total Weight IV, random, 95% CI 1V, random, 95% CI
Herrschaft et al'® 3.1 1.2 198 3.8 1.2 198 14.4%  -0.58 (-0.78,-0.38) -
Ihl et al®® 34 1 201 4.1 1.1 201 14.4%  —0.66 (-0.87,-0.46) -
Kanowski et al®*3 4.09 0.92 106 4.47 1 99 13.9%  -0.39 (-0.67,-0.12) —
Le Bars et al*** 4.2 0.7 155 4.2 0.7 154 14.3%  0.00 (-0.22, 0.22) -
Napryeyenko etal®*®  -9.9 8.6 198 4.1 8.1 197 14.2%  -1.67 (-1.90,-1.44) —™—
Nikolova et al™ -1.6 8.1 196 -0.2 7.8 201 14.4%  -0.18 (-0.37, 0.02) ]
Schneider et al* 4.41 0.89 169 4.54 0.89 165 14.3%  -0.15(-0.36, 0.07) -
Total (95% Cl) 1,223 1,215 100.0% -0.52(-0.92, -0.12) ntliger
Heterogeneity: Tau?=0.28; Chi2=144.24, df=6 (P<0.00001); P=96% _}2 _=1 3 1 2
Test for overall effect: Z=2.52 (P=0.01) Favors EGb 761 Favors placebo
B
Study or subgroup EGb 761 120 mg Placebo SMD SMD
Mean SD Total Mean SD Total Weight IV, random, 95% CI IV, random, 95% CI
Le Bars et al®** 4.2 0.7 155 4.2 0.7 154 48.4% 0.00(-0.22, 0.22)
Schneider et al* 442 086 165 4.54 0.89 165 51.6% -0.14(-0.35,0.08)
Total (95% Cl) 320 319 100.0% -0.07 (-0.23, 0.08)

Heterogeneity: Tau?=0.00; Chi2=0.75, df=1 (P=0.39); P=0% 055 0525 5 o 525 015
Test f Il effect: Z=0.89 (P=0.37 e s ' )
est for overall effect: 2=0.89 (P=0.37) Favors EGb 761 120 mg Favors placebo

Study or subgroup EGb 761 240 mg Placebo SMD SMD
Mean SD Total Mean SD Total Weight IV, random, 95% CI IV, random, 95% CI
Herrschaft et al'® 3.1 12 198 38 12 198 16.8% -0.58 (-0.78,-0.38) *
Ihl et al® 3.4 1 201 4.1 1.1 201 16.8% —0.66 (-0.87,-0.46) -
Kanowski et al®*3 409 092 106 447 1 99 16.3% —0.39 (-0.67,-0.12) -
Napryeyenko et al*® -99 86 198 41 81 197 16.6% -1.67(-1.90,-1.44) ——
Nikolova et al™ -16 81 196 -02 7.8 201 16.8% —0.18 (-0.37, 0.02) =
Schneider et al*? 4.41 089 169 454 089 165 16.7% -0.15(-0.36,0.07) T
Total (95% Cl) 1,068 1,061 100.0% -0.61(-1.04,-0.17) -
Heterogeneity: Tau?=0.28; Chi?=121.36, df=5 (P<0.00001); =96% 52 51 0 15 é
Test for overall effect: Z=2.72 (P=0.007) Favors EGb 761 240mg  Favors placebo
Study or subgroup EGb 761 Placebo SMD SMD
Mean SD Total Mean SD Total Weight IV, random, 95% CI 1V, random, 95% CI
Herrschaft et al'® 3.1 1.2 198 3.8 12 198 16.8% -0.58(-0.78,-0.38) -
Ihl et al®® 34 1 201 4.1 1.1 201 16.8% —0.66 (-0.87,-0.46) =
Kanowski et al®*3 4.09 0.92 106 4.47 1 99 16.3% —0.39 (-0.67,-0.12) —=
Le Bars et al®** 4.2 0.7 155 4.2 0.7 154 16.7% 0.00(-0.22, 0.22) i
Napryeyenko et al®*® -9.9 86 198 4.1 8.1 197 16.6% -1.67(-1.90,-1.44) —=—
Nikolova et al™ -1.6 8.1 196 -02 7.8 201 16.8% —0.18 (-0.37, 0.02) -
Total (95% ClI) 1,054 1,050 100.0% -0.58 (—1.04,-0.12) -
Heterogeneity: Tau?=0.31; Chi?=131.58, df=5 (P<0.00001); P=96% é % 0 ‘% é

Test for overall effect: Z=2.49 (P=0.01)

Favors EGb 761 Favors placebo

Figure 3 Clinical global impression of change from baseline (CGIC, ADCS-CGIC, GBS).

Notes: (A) All trials, (B) daily dose of EGb 761 120 mg, (C) daily dose of EGb 761 240 mg, and (D) studies in patients with NPS.

Abbreviations: EGb, EGb 761%; Cl, confidence interval; SD, standard deviation; NPS, neuropsychiatric symptoms; SMD, standardized mean difference; IV, inverse variance method;
GBS, Gottfries-Brane-Steen scale; CGIC, Clinical Global Impression of Change; ADCS-CGIC, Alzheimer’s Disease Cooperative Study Clinical Global Impression of Change.

global rating. Meta-analyses demonstrate a statistically sig-
nificant advantage of treatment with EGb 761 compared with
placebo in improving cognition, ADL, and global rating of
change from baseline. Including trials published recently, the
results of the present meta-analyses add to and strengthen the
findings from recent meta-analyses performed by others.” '

With this up-to-date meta-analysis of seven randomized,
placebo-controlled, double-blind trials comprising 2,625
patients and showing significant superiority over placebo
in all three main domains of assessment, there is level Ia
evidence of the efficacy of Ginkgo biloba extract EGb 761
in the treatment of dementia.’'
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A
Study or subgroup EGb 761 Placebo Odds ratio Odds ratio
Events Total Events Total Weight M-H, random, 95% CI M-H, random, 95% CI
Herrschaft et al'® 85 200 46 202 14.7%  2.51(1.63, 3.86) -
Ihl et al®*® 64 202 30 202 14.5%  2.66 (1.63, 4.33) -
Kanowski et al®*% 37 106 19 99 13.9%  2.26 (1.19, 4.28) —
Le Bars et al®** 36 136 23 134 141%  1.74 (0.96, 3.13) =
Napryeyenko et al*®> 130 198 12 197 13.8%  29.47 (15.33, 56.65) —
Nikolova et al™ 94 196 87 201 14.8% 1.21(0.81,1.79) ™
Schneider et al* 25 170 35 174 14.2%  0.68 (0.39, 1.20) T
Total (95% Cl) 1,208 1,209 100.0% 2.48 (1.17, 5.28) i
Total events 471 252
ity: = : Chi2= . =939 f f f |
Heterogeneity: Tau?=0.96; Chi?>=88.80, df=6 (P<0.00001); =93% 0.01 o1 ] 10 100

Test for overall effect: Z=2.36 (P=0.02)

Favors placebo Favors EGb 761

B

Study or subgroup EGb 761 Placebo Odds ratio Odds ratio

Events Total Events Total Weight M-H, random, 95% CI M-H, random, 95% CI
Herrschaft et al'® 137 200 76 202 22.5%  3.61(2.39, 5.45) —&
Ihl et al®® 109 202 52 202 224%  3.38(2.22,5.14) =
Kanowski et al®34 70 106 15 99 18.8%  10.89 (5.51, 21.51) ——
Le Bars et al3*3 21 155 15 153 184% 1.44(0.71,2.91) T
Schneider et al®? 19 170 13 174 17.9%  1.56 (0.74, 3.26) T
Total (95% CI) 833 830 100.0% 3.18 (1.78, 5.67) ey
Total events 356 171

ity 2= - Chi2= = - =819 I } f i

Heterogeneity: Tau?=0.34; Chi?=21.27, df=4 (P=0.0003); ”=81% 0.01 o1 J 10 100

Test for overall effect: Z=3.91 (P<0.0001)

Figure 4 Clinically relevant response.

Favors placebo Favors EGb 761

Notes: (A) Odds ratios for improvement in cognition (at least 3 points in the SKT or at least 4 points on the ADAS-cog). (B) Odds ratios for improvement in CGIC and

ADCS-CGIC.

Abbreviations: EGb, EGb 761®; CGIC, Clinical Global Impression of Change; ADAS-cog, cognitive subscale of the Alzheimer’s Disease Assessment Scale; ADCS-CGIC,
Alzheimer’s Disease Cooperative Study Clinical Global Impression of Change; Cl, confidence interval; M-H, Mantel-Haenszel test; SKT, Short Cognitive Performance Test

(Syndrom-Kurztest).

A limitation of our meta-analysis is the heterogeneity
of the clinical trials that enrolled varying proportions of
patients with AD, VaD, and mixed pathology. We included
from all studies the datasets on which the intention-to-treat
analyses were based, rather than subsets from patients
with different etiologies. However, no systematic increase
or decrease in effect sizes was observed with higher or
lower proportions of patients with vascular pathology.
To draw firm conclusions with regard to efficacy in the
subgroups with AD, VaD, or mixed dementia, further
meta-analyses using datasets from these subgroups will be
necessary, which is beyond the intention of this review. The
heterogeneity of effect sizes was accounted for by using a
random effects model. Treatment effects were nevertheless
statistically significant.

The results of these meta-analyses indicate that a 240 mg
dose of EGb 761 is required daily to achieve clinically
significant effects. They further support the notion that
NPS are important effect modifiers, as suggested earlier by

Ihl et al.®> While the one study that strictly excluded patients
with clinically significant NPS showed hardly any treatment
effects,” significant effects across the three outcomes of inter-
est were found in most studies in which nearly all patients
had NPS at baseline,'>143%31:3336 and the effects were most
pronounced in studies that only included patients with clini-
cally significant NPS.!'33336

EGb 761 was well tolerated in all evaluated trials,
with rates of adverse events, serious adverse events, and
premature adverse event-related withdrawals not being
conspicuously different between the active treatment groups
and placebo. The most frequent adverse events that affected
more than 2% of patients did not point toward any specific
risk of treatment with EGb 761. The few types of adverse
events that led to discontinuation of treatment in more than
one patient in either treatment group were predominantly
symptoms typical for dementia; the numbers were too low
to indicate differences between treatment groups beyond
chance.
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A
Study or subgroup EGb 761 Placebo Risk ratio Risk ratio
Events Total Events Total Weight 1V, fixed, 95% ClI 1V, fixed, 95% CI
Herrschaft et al'® 91 205 82 205 6.1% 1.11 (0.88, 1.39) ]
Inl et al*® 139 206 141 204 18.1% 0.98 (0.86, 1.11) —
Kanowski et al®3% 37 109 31 107 2.0% 1.17 (0.79, 1.74)
Le Bars et al®*?! 44 166 43 161 2.4% 0.99 (0.69, 1.42)
Napryeyenko et al*® 166 200 178 200 49.8% 0.93 (0.86, 1.01) -
Nikolova et al'* 83 203 87 205 6.0% 0.96 (0.77, 1.21) I
Schneider et al*? 113 170 125 174 15.7% 0.93 (0.80, 1.07) — T
Total (95% CI) 1,259 1,256 100.0%  0.96 (0.90, 1.01) .l
Total events 673 687
Heterogeneity: Chi?=3.39, df=6 (P=0.76); P=0% f t t 1
Test for overall effect: Z=1.54 (P=0.12) 0.5 0.7 ! 15 2
Favors EGb 761 Favors placebo
B
Study or subgroup EGb 761 Placebo Risk ratio Risk ratio
Events Total Events Total Weight IV, fixed, 95% CI 1V, fixed, 95% CI
Herrschaft et al™ 3 205 1 205 4.1% 3.00 (0.31, 28.60)
Inl et al®® 2 206 2 204 5.4% 0.99 (0.14, 6.96)
Kanowski et al®*% 4 109 2 107 7.4% 1.96 (0.37, 10.50) -
Le Bars et al*®% 2 166 3 161 6.6% 0.65 (0.11, 3.82) - 1
Napryeyenko et al*® 7 200 11 200 24.1% 0.64 (0.25, 1.61) —
Nikolova et al™ 6 203 6 205 16.7% 1.01 (0.33, 3.08) I S
Schneider et al® 11 170 14 174 35.8% 0.80(0.38, 1.72) — .
Total (95% CI) 1,259 1,256  100.0%  0.89 (0.56, 1.40) ’
Total events 35 39
Heterogeneity: Chi?=2.73, df=6 (P=0.84); P=0% 5 (1)5 012 : 5 210
Test for overall effect: Z=0.52 (P=0.61) : )
Favors EGb 761 Favors placebo
C
Study or subgroup EGb 761 Placebo Risk ratio Risk ratio
Events Total Events Total Weight IV, random, 95% CI IV, random, 95% CI
Herrschaft et al' 2 205 1 205 5.2% 2.00 (0.18, 21.88)
Ihl et al*® 6 206 2 204 11.9% 2.97 (0.61, 14.55) I
Le Bars et al*®%' 7 166 3 161 16.8% 2.26 (0.60, 8.60) Tt
Nikolova et al™ 3 203 6 205 15.9% 0.50 (0.13, 1.99) — 1
Schneider et al*? 15 170 10 174 502%  1.54 (0.71, 3.32) Tl
Total (95% CI) 950 949 100.0% 1.51(0.87, 2.60) -‘
Total events 33 22
Heterogeneity: Tau?=0.00; Chi?=3.55, df=4 (P=0.47); P=0% t t t 1
0.01 0.1 1 10 100

Test for overall effect: Z=1.47 (P=0.14)

Figure 5 Safety analyses.

Favors EGb 761 Favors placebo

Notes: (A) Patients reporting at least one adverse event, (B) patients reporting at least one serious adverse event, and (C) patients who terminated the study prematurely

due to an adverse event.

Abbreviations: Cl, confidence interval; 1V, inverse variance method; EGb, EGb 761©.

Conclusion

Overall, this meta-analysis demonstrates the clinical efficacy,
safety, and tolerability of Ginkgo biloba extract EGb 761
at daily doses of 240 mg in the treatment of patients with

dementia.
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