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Abstract: We conducted a systematic review and meta analysis of randomized controlled trials of galantamine hydrobromide in the
treatment of mild to moderate dementia. Following a literature search and screening process, we included 15 trials and five companion
papers in the review. Moderate-quality evidence suggested galantamine-treated persons generally had better outcomes than placebo-
treated persons after a maximum 6-month follow-up. Outcome domains included cognitive function, global function, behaviour and
mood, and activities of daily living. The evidence requires careful interpretation because ‘better outcomes’ can mean less deterioration,
rather than improvement, relative to placebo. Galantamine has not been shown to halt dementia progression nor reverse disease course.
The most frequently reported harms were nausea, diarrhea, and dizziness. Reported rates of these harms were highly variable (range,
0%—40%); reporting was at high risk of bias because authors rarely specified the frequency or timing of harms assessment, nor did they
report active methods of collecting harms.
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Introduction

Dementia is a major public health concern because of
its chronic nature, rising prevalence, and high cost to
society.! No cure exists for most dementias. Clinical
management of common dementias (ie, Alzheimer’s
disease [AD], vascular dementia [VaD], and mixed
dementia [MD]) often includes pharmacotherapy. The
United States Food and Drug Administration (FDA)
has approved five medications to treat the symptoms
of cognitive decline in AD; clinicians also prescribe
these medications to treat other dementias.

Four of the five approved medications are cho-
linesterase inhibitors (ie, galantamine, donepezil,
rivastigmine, tacrine). These medications degrade
acetylcholinesterase and increase acetylcholine,
which is important for the neurons involved in cog-
nition. The fifth approved medication, memantine,
helps memory and learning through blockage of the
N-methyl-d-aspartic acid receptor and prevention of
excess stimulation of the glutamate system.

Galantamine (C, H,, NO,) has a molecular mass
of 287.35 g/mol and is a tertiary alkaloid that can be
made synthetically or extracted from plants such as
the caucasian snowdrop or narcissus species. Only
oral administration has been approved for clinical
use and absorption is high with bioavailability rang-
ing from 85% to 100%. Plasma elimination half-time
is five to seven hours and 75% of total clearance is
hepatic.?

We conducted a systematic review and meta anal-
ysis of the evidence for the efficacy and safety of gal-
antamine in dementia.

Methods

Literature search

We searched the Cochrane Central Register of Con-
trolled Trials, MEDLINE, PREMEDLINE, EMBASE,
Allied and Complementary Medicine Database,
CINAHL, AgeLine, and PsycINFO for relevant arti-
cles published in English from January 1986 through
November 2009. We also reviewed the bibliographies
of retrieved articles.

We included randomized controlled trials compar-
ing galantamine to placebo or another medication.
The trials had to involve populations diagnosed with
a major dementia such as AD or VaD. We excluded
crossover trials because of possible bias due to
period effects or period-by-treatment interactions.

Table 1 shows the complete list of inclusion/exclusion
criteria. Two reviewers independently applied the
inclusion/exclusion criteria to each article retrieved
in the literature search.

Trial outcomes encompassed four domains: cogni-
tive function, global function, behaviour and mood,
and activities of daily living (ADLs).

Assessment of article quality
Two reviewers independently assessed article qual-
ity using the Jadad scale.'” Reviewers awarded one
point for each ‘yes’ answer to the following ques-
tions: authors described their study as randomized,
authors described their study as double-blinded, and
authors provided a description of withdrawals and
drop-outs. Additional single points were awarded
if the methods of randomization or double-blinding
were described and methodologically appropriate
(maximum score = 5). Single points were deducted
if the methods of randomization or double-blinding
were described and methodologically inappropriate.
The McMaster Quality Assessment Scale of Harms
(McHarm) was used to assess the quality of reporting
harms in the trials. McHarm has 15 items covering
specification of harms, methods of collecting data on
harms, and reporting of harms."

Meta analysis

We conducted a meta analysis to obtain summary esti-
mates of the efficacy of galantamine versus placebo.
We divided the meta analysis into four sub-analyses
based on the outcome domains noted above and
calculated a summary odds ratio (OR) for each sub-
analysis. We chose the OR to report study results
because of its ease of interpretation relative to mea-
sures of the standardized mean difference between
groups (eg, Cohen’s d or Hedges’ g).

To calculate ORs, we used binary event data from
the published trial reports to develop 2 x 2 tables; we
calculated 95% confidence intervals using the con-
stant chi-square boundaries method.'* When binary
event data were unavailable, we used the formulas
in Borenstein et al'’ to calculate standardized mean
differences (SMDs [Cohen’s d]) between treatment
groups. SMDs were based on the mean differences
in scale score from baseline to the end of follow-up
in individual treatment groups. Since dementia is a
syndrome, trial outcomes are typically measured
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Table 1. Inclusion and exclusion criteria.

Included

Excluded

English language publications

Age = 18 years

Randomized controlled trials with parallel groups
(comparator could be placebo or another medication)
Dementia classifications:

i. AD, senile dementia of the Alzheimer’s type,
Lewy body disease, VaD, multi-infarct dementia,
AIDS/HIV dementia, Parkinson’s disease dementia,
mixed diagnosis dementia, Huntington’s disease
with dementia

ii. Progressive supranuclear palsy, encephalopathy,
Mesulam syndrome, progressive non-fluent
aphasia, Binswanger disease, subcortical
leukoencephalopathy, circumscribed lobar
brain atrophy, Pick disease, amyloid beta-protein
(not Down’s syndrome or trisomy), cerebral
amyloid angiopathy, neurofibrillary tangles,
threads, senile plaques, corticobasil ganglionic
degeneration, cerebral autosomal dominant
ischemia with subcortical leukoencephalopathy,
hydrocephalus

Criteria for dementia diagnosis:

i. ICD 9 or 10°%°

i. DSM III, llI-R, and V378

iii. NINCDS-ADRDA?®
iv. NINCDS-AIRENT™®
Dementia severity:

i. Mild to moderate dementia identified as MMSE score

10-26*
ii. Severity category accepted as reported by authors

Non-English language publications

Age < 18 years

Randomized crossover trials, secondary analyses of
published data

Dementia classifications:

i. Alcohol caused dementia/Korsakoff's syndrome,
Creutzfeldt-Jakob syndrome, spongiform
encephalopathy, hypothyroidism, vitamin B12
deficiency, neurosyphilis

ii. Organically caused dementias, including “Delirium
Dementia, Amnesic Disorders, and Cognitive Disorder
Otherwise Specified™

iii. Temporary dementia (eg, adverse effect of
anesthesia)

Criteria for dementia diagnosis:
i. Lowb or Hachinski (specific to VaD)"

Abbreviations: AD, Alzheimer disease; AIDS/HIV, Acquired Immunodeficiency Syndrome/Human Immunodeficiency Virus; DSM, Diagnostic and
Statistical Manual of Mental Disorders; ICD, International Statistical Classification of Diseases and Related Health Problems; MMSE, Mini-Mental State
Examination; NINCDS-ADRDA, National Institute of Neurological and Communicative Disorders and Stroke-Alzheimer’s Disease and Related Diseases
Association; NINCDS-AIREN, National Institute of Neurological and Communicative Disorders and Stroke-Association Internationale pour la Recherche

et 'Enseignement en Neurosciences; VaD, vascular dementia.

using changes in score on scales such as the Alzheim-
er’s Disease Assessment Scale-Cognitive Sub-scale
(ADAS-cog).'® We used formulas in Borenstein et al'®
to convert SMDs into log ORs and calculate 95%
confidence intervals. We used Excel 2003’s exponent
function (Microsoft Corporation, Redmond, WA) to
convert log ORs into ‘standard’ ORs with a null value
of 1.00.

The OR computations were conducted such that
ORs greater than 1.00 would indicate an increased
odds of better outcomes (eg, improvement, less
deterioration) in galantamine-treated versus placebo-
treated persons. For example, we combined out-
comes on the Clinician Interview-based Impression
of Change with caregiver input (CIBIC-plus)
scale!” into two categories: improved/stabilized or

deteriorated. Since persons with dementia deteriorate
over time, we included stabilization with improve-
ment. An OR above 1.00 would mean that persons
treated with galantamine have greater odds of being
improved or stabilized versus persons treated with
placebo.

Data for OR calculations came from the results of
intent-to-treat, observed case, or last observation car-
ried forward analyses, in that order, depending on the
type of analyses conducted in the trials.

To obtain summary ORs, trial-specific ORs were
combined with a random effects model'® that was
weighted by the inverse variance of each effect esti-
mate. Between-study statistical heterogeneity was
measured using the I statistic.'”” Review Manager
v5.0 (The Nordic Cochrane Center, The Cochrane
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Collaboration, Copenhagen, Denmark) was used to
perform the meta analysis.

Trials included in any of the four sub-analyses
of the meta analysis had to contain a galantamine-
placebo comparison, report data on the outcome
domain in question, and include data that could be
used to calculate an OR. In trials with more than
one galantamine group, we selected the highest dose
group as the treatment arm in the meta analysis.

Results

A total of 43,686 citations were retrieved in the lit-
erature search. Of these, 15 publications were ran-
domized controlled trials of galantamine that met
our inclusion criteria. We extracted data from these
15 trials, as well as from five companion papers con-
taining supplementary results related to some of these

Retrieval — Literature search

trials. Figure 1 details the flow of articles through the
retrieval and screening process.

Twelve of the extracted trials compared galan-
tamine to placebo.””?' Additionally, the five com-
panion papers®*3¢ all reported supplemental data for
galantamine-placebo trials. A total of 4,393 patients
completed the trials (range, 17-768 patients). Eight
trials included persons with AD only. Four oth-
ers included persons with AD and cerebrovascular
disease,”” AD and VaD,** VaD,” or frontotemporal
dementia by primary progressive aphasia.”> The tri-
als titrated galantamine doses up to 24, 32, or 36 mg
per day. One trial compared extended-release (once-
daily) galantamine and the usual twice-daily formu-
lation to placebo.?’ Double-blind follow-up periods
ranged from eight® to 26 weeks.?! Further trial data
are shown in Table 2.

n =43,686

\ 4
Title and abstract screening

n=42,470

Non-English
" n=1,216
Excluded
" n = 39,655

4
Full text screening

n=2,780

\ 4

Cholinesterase inhibitor or
memantine
n=1,081

\ 4

Not retrievable
n=235

Excluded (n = 1, 699)
1. Not full article: 160
2. Diagnostic criteria not
ICD, DSM, NINCDS: 911

\ 4

Galantamine trial
n=15

(Companion*
n = 5)

*Supplement to a trial

Figure 1. Flow diagram.

A 4

3. Non-random treatment
allocation: 413

4. No relevant data: 63

5. Not a treatment for
persons with dementia: 152

Not galantamine

" n= 1,061
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All 12 trials measured cognitive function: 11 trials
used the ADAS-cog; one trial* used the Mini Mental
State Examination (MMSE).* Global function, mea-
sured in 10 trials, was assessed using a group of
related scales, ie, CIBIC-plus, Clinical Global Impres-
sion of Change (CGIC)," or Clinical Global Impres-
sion of Improvement (CGI-I).* Eight trials measured
behaviour and mood; all except one®® used the Neu-
ropsychiatric Inventory (NPI).*! The lone exception
measured a specific behaviour, ie, reduction of ver-
bal repetition, using goal attainment scaling (GAS).*
Eleven trials measured ADLs, primarily using the
Alzheimer’s Disease Co-operative Study-Activities
of Daily Living (ADCS-ADL) Scale® or the Disabil-
ity Assessment for Dementia (DAD).* The details of
these scales are described elsewhere.**

In general, galantamine-treated persons had better
outcomes than placebo-treated persons in all four out-
come domains. These results were consistent across
trials. Most galantamine-placebo comparisons were
statistically significantly different at the 5% level.

In the meta analysis (Fig. 2), the strongest treatment
effect was in cognitive function (summary OR =2.14;
95% confidence interval = 1.85, 2.48). Only one sum-
mary OR, for behaviour and mood, was not statisti-
cally significant at the 5% level. Heterogeneity was
low (I = 30%) in three of four sub-analyses.

The I? was high (ie, 70%) for behaviour and mood.
We felt a single trial contributed most of the heterogene-
ity to this domain. The trial was a study of 634 persons
with VaD.?® Despite the large sample size, the authors
reported statistically non-significant results for global
function and ADLs. We removed this study from the
behaviour and mood sub-analysis and re-computed a
summary OR of 1.29 (95% confidence interval = 1.09,
1.52) and an I? of 0% (not shown in Fig. 2).

Three trials involved comparisons other than gal-
antamine versus placebo.’”?” In one trial (Table 2),
persons who received donepezil for at least 12 weeks
were switched to galantamine following randomiza-
tion to 4- or 7-day washout periods. After four weeks
of treatment with galantamine, both ‘washout’ groups
had similar mean score differences on the ADAS-cog
(P> 0.05).*°

Two trials compared galantamine and donepezil
(Table 2).%7% In total, 203 persons completed these
trials after 52 weeks of follow-up. In the first trial,

galantamine (24 mg) was not statistically signifi-
cantly better than donepezil (10 mg) on any outcome,
although the galantamine group showed trends toward
better cognitive and ADL outcomes.’” In the second
trial, global function was more likely to deteriorate
in galantamine-treated versus donepezil-treated per-
sons.*® However, the galantamine dose in the second
trial (ie, 8—16 mg) was lower than the standard recom-
mended dose of 24 mg (donepezil patients received
5-10 mg in the second trial).

Specific harms were reported in all except two
trials.”*? The most often reported harms were nau-
sea, diarrhea, and dizziness. Other reported harms
included accidental injury, urinary disorder, and
‘serious’ harms such as hepatic failure. Percentages
of subjects reporting these harms in galantamine-pla-
cebo trials are shown in Table 3.

Numbers of subject withdrawals due to harms were
reported in all except one trial.* In the galantamine-
placebo trials, withdrawals ranged from 6% to 54%?'
in active treatment groups and 0% to 17%?* in placebo
groups.

Article quality

Article quality was generally good (Table 2). Nine
published trial reports described appropriate meth-
ods of randomization and blinding;*'-*-42631 al]
15 trials described withdrawals (though one trial
did not report withdrawals due to harms).* Six tri-
als mentioned subjects were randomized, although
they omitted descriptions of appropriate methods of
randomization;??>23373% three trials reported blinding
without describing appropriate types of blinding.*”

All eight galantamine versus placebo trials in AD
alone, plus the AD and VaD trial, scored the maxi-
mum 5 points on the Jadad scale. The galantamine
versus donepezil*’** and washout period® trials did
not describe appropriate methods of randomization
or blinding. The VaD,”® AD and cerebrovascular
disease,” and frontotemporal dementia by primary
progressive aphasia® trials did not report appropriate
methods of randomization.

Figure 3 shows the proportion of trials with poten-
tial bias in reporting harms. Trials were consistently
poor at defining serious and severe harms a priori and
most did not specify whether standardized checklists
were used to record harms. Similarly, the majority of
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Table 2. Study characteristics and effect sizes for outcomes measured within each study.

Author year 1. Population 1. Criteria for diagnosis Study quality Cognitive
2. Interventions and 2. Diagnosis function
treatment duration (TP) 3. Disease severity Funding Measure
3. Randomized/ source
completing trial Randomization
Blinding
Withdrawals
Galantamine versus Donepezil
Wilcock®” 1. Mean age 73.5 years, 1. NINCDS- Industry funded MMSE (2°)
37.9% male ADRDA Rand—1/2 ADAS-cog (2°)
2. Gal 24 mg vs. 2. Alzheimer’s Blind—1/2
Don 10 mg disease Withdraw—1/1
TP: 52 weeks 3. Probable
3.188/149
Ancoli- 1. Community dwelling, 1. NINCDS-ADRDA Industry funded
Israel®® mean age 77.5 years, 2. Alzheimer’s Rand—1/2
68.6 years disease Blind—1/2
(caregivers), 3. Mild to moderate Withdraw—1/1
38% male and
81% white
2. Gal (8-16 mg/d) vs.
Don (5-10 mg/d)
TP: 52 weeks
3.63/54
Galantamine versus Placebo
Auchus? 1. Mean age 72 years, 1. NINDS- Industry funded ADAS-cog
64% men AIREN Rand—1/2
2. Gal 4-24 mg/d 2. Vascular Blind—2/2
TP: 4 week single-blind dementia Withdrawal—1/1
placebo run-in, 22 week 3. Mild to moderate
double-blind phase
3.788/634
Brodaty?' 1. Mean age 76.5 years, 1. NINCDS-ADRDA Industry funded ADAS-cog
36% male 2. Alzheimer’s Rand—2/2
Dunbar® 2. A: Gal prolonged disease Blind—2/2
release capsule 3. Probable Withdraw—1/1
B: Gal (mild to moderate)
TP: 26 weeks
3.971/768
Bullock? 1. Mean 76.5 years, 1. NINCDS-ADRDA Not reported ADAS-cog
48.3% male NINCDS-AIREN Rand—1/2 (at 6 months—
2. Gal (24 mg/d) 2. Alzheimer’s Blind—2/2 end of double-
TP: 6 months double disease and Withdraw—1/1 blind phase)
blind and then 6 months cerebrovascular
open-label extension disease
3. 285/238 3. Probable vascular
dementia, possible
Alzheimer’s disease
Darreh-Shori® 1. Mean age 69 years, 1. NINCDS-ADRDA Partially funded ADAS-cog
10 males 2. Alzheimer’s by industry
2. Gal (16—24 mg/d) disease Rand—2/2
TP: 3 month double 3. Mild Blind—2/2

blind and 9 month
open-label extension
3.18/17

Withdrawal—1/1
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Global assessment Behavior/Mood ADL
Result Measure Result Measure Result Measure Result
odds ratio (95% CI)
or
mean difference score
(endpoint—baseline)
1.65 (0.97, 2.80) NT NPI (2°) (P> 0.05) BrADL 1.06 (0.62,
34 (0.79, 2.27) 1.79)
NT CIBIC+ 0.08 (0.02, NT NT
(gal vs. don: 0.29)
improved/
stabilized vs.
deteriorated)
1.56 (1.20, 2.03) CIBIC+ N/A NPI 0.73 (0.56, ADCS-ADL 1.13 (0.87,
(P=0.069) 0.95) EXIT-25 1.47)
0.69 (0.43,
1.09)
A: 2.45 (1.76, 3.39) CIBIC+ (2°) A:1.19 (0.84, NPI (29 A:1.11(0.81, ADCS- A: 1.62
B: 2.56 (1.83, 3.56) (improved/ 1.70) 1.54) ADL (2°) (1.17,
stabilized vs. B: 1.18 (0.83, B: 1.20 (0.87, 2.24)
deteriorated) 1.69) 1.67) B: 1.21
(0.87,
1.67)
2.42 (1.48, 3.97) NT NPI N/A DAD N/A
N/A NT NT NT
(Continued)
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Table 2. (Continued)

Author year 1. Population 1. Criteria for diagnosis Study quality Cognitive
2. Interventions and 2. Diagnosis function
treatmen_t duration (TP) 3. Disease severity Funding Measure
3. Randomized/ source
completing trial Randomization
Blinding
Withdrawals
Erkinjuntti?* 1. Mean age 75.1 1. NINDS Partially funded ADAS-cog
years, 53% male NINCDS by industry
2. Gal (24 mg/d) 2. Vascular Rand—2/2
TP: 6 months dementia and Blind—2/2
3. 592/457 Alzheimer’s Withdraw—1/1
disease
3. Probable
Kertesz? 1. Mean age 63 1. Mesulam’s criteria Industry funded MMSE
years, 62% male for PPA or Neary Rand—1/2
2. Gal 16-24 mg/d et al criteria for Blind—2/2
TP: 18 week open-label FTD by PPA Withdrawal—1/1
gal phase followed by 2. FTD by PPA
8 week double blind 3. MMSE > 5
phase
3. 36/34
Raskind?® 1. Mean age 75.4 years, 1. NINCDS Industry funded ADAS-cog
38% male 2. Alzheimer’s Rand—2/2
2. A: Gal 24 mg/d disease Blind—2/2
B: Gal 32 mg/d 3. Mild to moderate Withdraw—1/1
TP: 6 months
3.636/438
Rockwood?” 1. Mean age 74.9 years, 1. NINCDS Industry funded ADAS-cog
44% male 2. Alzheimer’s Rand—2/2
Markowitz*® 2. Gal 24-32 mg disease Blind—2/2
TP: 3 months 3. Probable Withdraw—1/1
3. 386/288 (mild to moderate)
Rockwood? 1. Mean age 77 years, 1. NINCDS-ADRDA 80% funded ADAS-cog (at
37% men 2. Alzheimer’s by industry 4 months—end
Rockwood? 2. Gal 8-24 mg/d disease Rand—2/2 of double blind
TP: 4 month 3. Probable Blind—2/2 phase—ITT)
double blind and (mild to moderate) Withdraw—1/1
4 month open-label
extension
3. 130/109
Tariot?®® 1. Mean age 76.8 years, 1. NINCDS Not reported ADAS-Cog
36% male 2. Alzheimer’s Rand—2/2
Cummings®® 2. A: Gal 8 mg/d disease Blind—2/2
B: Gal 16 mg/d 3. Probable (mild Withdraw—1/1
C: Gal 24 mg/d to moderate)
TP: 5 months
3.978/679
816 Clinical Medicine Insights: Therapeutics 2010:2
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Global assessment Behavior/Mood ADL

Result Measure Result Measure Result Measure Result

odds ratio (95% CI)

or

mean difference score

(endpoint—baseline)

1.90 (1.39, 2.59) CIBIC+ 1.96 (1.37, NPI (2°) 1.39 (1.02, DAD (29 1.59 (1.16,
(improved/ 2.82) 1.89) 2.17)
stabilized vs.
deteriorated)

Gal: -1.2 CGI-l Gal: -0.1 NPI Gal: 7.3 ADCS- Gal: -1.3

Pl: -1.0 Pl: 0.4 Pl: -2.9 ADL Pl: -3.4

(P=0.8772) (P> 0.05) (P=0.0664) (P=0.2745)

(decreases indicate (increases (increases (decreases

deterioration) indicate indicate indicate

deterioration) deterioration) deterioration)

A:3.29 (2.14, 5.07) CIBIC+ A:1.92 (1.18, NT DAD (29 (P> 0.05)

B:2.76 (1.77, 4.30) (improved/ 3.10)
stabilized vs. B: 1.70 (1.04,
deteriorated) 2.79)

1.77 (1.20, 2.61) CIBIC+ 2.22 NPI (2°) 1.19 DAD (29 1.75 (1.19,
(improved/ (1.38, 3.57) (0.81, 1.75) PSQl 2.58)
stabilized vs. NPI— (P=0.59)
deteriorated) sleep (P=0.51)

Gal: -1.9 CIBIC+ (at Gal: -0.3 Reduction of  1.17 (0.35, DAD (at (P=0.13)

PI: 0.1 4 months—end PI: 0.1 verbal 3.83) 4 months—

(P=0.04) of double blind (P=0.03) repetition end of

(increases indicate phase—ITT) (improved/ double

deterioration) (increases stabilized vs. blind
indicate deterioration) phase—ITT)
deterioration)

A: 1.47 (1.00, 2.17) CIBIC+ A: 1.17 (0.77, NPI (2°) A: 0.95(0.65, ADCS- A: 1.12(0.76,

B: 2.59 (1.88, 3.57) (improved/ 1.78) NPI-caregiver 1.40) ADL (2°) 1.64)

C:2.47 (1.79, 3.40) stabilized vs. B: 2.06 (1.44, distress B: 1.38 (1.01, B: 1.88 (1.37,
deteriorated) 2.93) subscale 1.89) 2.58)

C:1.86 (1.31, (mean C:1.35(0.99, C:1.54 (1.13,
2.65) difference 1.85) 2.11)
in score) A: 0.97 (0.61,
1.55)
B: 1.36 (0.92,
2.01)
C: 1.45(0.98,
2.14)
(Continued)
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Table 2. (Continued)

Author year 1. Population 1. Criteria for diagnosis Study quality Cognitive
2. Interventions and 2. Diagnosis function
treatmen_t duration (TP) 3. Disease severity Funding Measure
3. Randomized/ source
completing trial Randomization
Blinding
Withdrawals
Wilcock?? 1. Mean age 72.2 years, 37% 1. NINCDS Non-industry ADAS-cog
male 2. Alzheimer’s funding source
Wilcock?® 2. A: Gal 24 mg/d disease Rand -2/2
B: Gal 32 mg/d 3. mild to Blind—2/2
TP: 6 months moderate Withdraw—1/1
3. 653/525
Wilkinson®' 1. Community 1. NINCDS Industry funded ADAS-Cog
dwelling, mean age dSM-IlI-R Rand—2/2
73.8 years, 42% male 2. Alzheimer’s Blind—2/2
2. A: Gal 18 mg/d disease Withdraw—1/1
B: Gal 24 mg/d 3. mild to moderate
C: Gal 36 mg/d
TP: 12 weeks
3. 285/206
Galantamine versus Galantamine (comparison of washout periods)
Wilkinson® 1. Mean age 75 years 1.NR Industry funded ADAS-cog
2. Gal vs. gal following 2. Alzheimer’s Rand—1/2
don (randomization disease Blind—1/2

to 4-day vs. 7-day
washout period after
don/before gal)
TP: 4 weeks,
48 wk open label

3. 105/98

3. mild to moderate

Withdraw—1/1

trials did not indicate who collected data on harms,
nor the training of these persons. Approximately 30%
of trials did not describe the frequency or timing of
harms collection; approximately half of the trials did
not explicitly state that subjects were being actively
probed for the presence of harms.

The majority of trials reported the types and fre-
quency of harms as a function of treatment group.
Only two trials®*** explicitly stated the method of
analyzing harms (ie, frequency methods), although
authors did not statistically compare between-group
differences in harms.

Discussion
Extracted trial data (Table 2) and the meta analysis
(Fig. 2) indicate that galantamine-treated persons on
average have better outcomes than placebo-treated
persons in cognitive function, global function, behav-
iour and mood, and ADLs. For comparison against
donepezil, the evidence for galantamine is equivocal.
The galantamine-placebo results should be inter-
preted cautiously. While results were generally better
in galantamine groups, cognitive and functional decline
is irreversible in most dementias and cholinesterase
inhibitors do not halt or reverse disease progression.*’
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Global assessment Behavior/Mood ADL
Result Measure Result Measure Result Measure Result
odds ratio (95% CI)
or
mean difference score
(endpoint—baseline)
A: 2.47 (1.75, 3.49) CIBIC+ A: 1.62 (1.10, NT DAD (29) A: 1.40
B: 2.56 (1.81, 3.62) (improved/ 2.40) (0.99,
stabilized vs. B: 1.90 (1.28, 1.97)
deteriorated) 2.84) B: 1.50
(1.06,
2.12)
A: 1.63 (0.93, 2.85) CGIC(2% A: 2.25 (1.04, NT PDS (2% A: 1.52
B: 2.32 (1.24, 4.34) (improved/ 4.87) (0.74,
C:2.04 (1.07, 3.86) stabilized vs. B: 1.97 (0.84, 3.12)
deteriorated) 4.61) B: 1.76
C: 2.76 (1.05, (0.78,
7.17) 3.98)
C:1.19
(0.54,
2.61)
(P> 0.05) NT NT NT

Abbreviations: 2°, secondary outcome; ADAS-Cog, Alzheimer’s Dementia Assessment Scale-Cognitive Sub-scale; ADCS-ADL, Alzheimer’s Disease
Co-operative Study—Activities of Daily Living; BrADL, Bristol Activities of Daily Living Scale; CGI-I, Clinical Global Impression of Improvement; CGIC, Clinical
Global Impression of Change; CIBIC+, Clinician’s Interview Based Impression of Change; DAD, Disability Assessment for Dementia; Don, Donepezil; DSM-
IlI-R, Diagnostic and Statistical Manual of Mental Disorders, Third Edition, Revised; EXIT-25, Executive Interview; FTD by PPA, frontotemporal dementia
by primary progressive aphasia; Gal, Galantamine; LOCF, last observation carried forward; MMSE, Mini-mental State Exam; N/A, Not available; NINCDS,
National Institute of Neurological and Communicative Disorders and Stroke; NINDS, National Institute of Neurological Disorders and Stroke; NINCDS-
ADRDA, National Institute of Neurological and Communicative Disorders and Stroke-Alzheimer’s Disease and Related Disorders Association; NINCDS-
AIREN, National Institute of Neurological and Communicative Disorders and Stroke-Association Internationale pour la Recherche et 'Enseignement
en Neurosciences; NPI, Neuropsychiatric Inventory; NT, not tested; PDS, Progressive Deterioration Scale; Pl, Placebo; PQSI, Pittsburgh Sleep Quality
Index.

Thus, better outcomes for galantamine often mean
that the rate of deterioration in galantamine-treated
persons is lower than in placebo-treated persons. Also,
dementia is a chronic condition with median survival
of 3.1 years for probable AD and 3.5 years for VaD.*
However, the galantamine-placebo trials all had short
follow-ups (=26 weeks), so no comparative evidence
exists to indicate whether the benefits of active treat-
ment remain over the entire course of disease.
Another interpretation issue concerns the use
of scales to measure efficacy in galantamine trials.

Many galantamine-placebo comparisons, all based
on changes in scale score, were statistically signifi-
cant at the 5% level. However, statistically significant
differences in scale score (and ORs > 1.00) do not
necessarily translate into clinically meaningful differ-
ences between groups.

Researchers have established minimum clinically
important differences (MCIDs) in scale score for
some instruments used in dementia drug trials (ie,
+4-point change in ADAS-cog,* +3.72-point change
in MMSE).*® Secondary analyses of double-blind
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Cognition - ADAS-cog
Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE_Weight IV, Random, 95% CI 1V, Random, 95% CI
Auchus 2007 0.4435 0.1342 171% 1.56 [1.20, 2.03] -
Rockwood 2001 0.5709 0.1985 10.3% 1.77 [1.20, 2.61] e —
Erkinjuntti 2002 0.6397 0.1595 13.9% 1.90 [1.39, 2.59] I
Wilkinson 2001 0.7115 0.3264 4.6% 2.04 [1.07, 3.86] -
Bullock 2004 0.8837 0.2524 71% 2.42[1.48, 3.97] -
Tariot 2000 0.9046 0.1634 13.5% 2.47 [1.79, 3.40] e
Brodaty 2005 0.9382 0.1694 12.9% 2.56 [1.83, 3.56] e —
Wilcock 2000 0.9398 0.1774 121% 2.56 [1.81, 3.62] - =
Raskind 2000 1.0153 0.2257 8.5% 2.76 [1.77,4.30] -
Total (95% Cl) 100.0% 2.14 [1.85, 2.48] <&
Heterogeneity: Tau? = 0.01; Chi? = 11.46, df = 8 (P = 0.18); I? = 30% o.=5 0f7 ] 1f5 2

Test for overall effect: Z=10.19 (P < 0.00001)

Global Assessment — CIBIC+ or CGIC

Favours placebo

Favours galantamine

Odds Ratio Odds Ratio

Study or Subgroup  log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Brodaty 2005 0.1655 0.1814 19.2% 1.18 [0.83, 1.68] s
Raskind 2000 0.5306 0.2517 11.2% 1.70 [1.04, 2.78] -
Tariot 2000 0.6206 0.1797 19.5% 1.86 [1.31, 2.65] - =
Wilcock 2000 0.6419 0.2033 16.0% 1.90[1.28, 2.83] - =
Erkinjuntti 2002 0.6729 0.1842 18.8% 1.96 [1.37, 2.81] — e
Rockwood 2001 0.7975 0.2425 12.0% 2.22[1.38, 3.57] - %
Wilkinson 2001 1.0152 0.4901 3.3% 2.76 [1.06, 7.21] E——
Total (95% CI) 100.0% 1.77 [1.48, 2.11] ’

o P . Chiz = - - -2 =179 } } +—
Heterogeneity: Tau? = 0.01; Chi?=7.21,df =6 (P=0.30); I?=17% 05 07 1 15 2

Test for overall effect: Z = 6.31 (P < 0.00001)

Behaviorl[Mood — NPI

Favours placebo

Favours galantamine

Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Auchus 2007 -0.3154 0.1356 22.1% 0.73[0.56, 0.95] D
Rockwood 2001 0.1709 0.1974 17.6% 1.19[0.81, 1.75] =
Brodaty 2005 0.1854 0.1667 19.8% 1.20[0.87, 1.67] N I E—
Tariot 2000 0.3014 0.1602 20.2% 1.35[0.99, 1.85] | L E—
Erkinjuntti 2002 0.3281 0.1587 20.4% 1.39[1.02, 1.89] - &
Total (95% CI) 100.0% 1.13 [0.87, 1.47] ’

| |

Heterogeneity: Tau? = 0.06; Chi? = 13.42, df = 4 (P = 0.009); I? = 70%
Test for overall effect: Z = 0.94 (P = 0.35)

Activities of Daily Living — ADCS-ADL or DAD

|
05 07
Favours placebo

5 2
Favours galantamine

1

Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Auchus 2007 0.1195 0.1348 23.0% 1.13[0.87, 1.47] I
Brodaty 2005 0.1879 0.1667 16.1% 1.21[0.87, 1.67] -1
Wilcock 2000 0.4056 0.1767 14.5% 1.50[1.06, 2.12] e
Tariot 2000 0.4332 0.1604 17.2% 1.54[1.13, 2.11] —
Erkinjuntti 2002 0.4634 0.159 17.4% 1.59[1.16, 2.17] - =
Rockwood 2001 0.559 0.1983 11.8% 1.75[1.19, 2.58] . E—
Total (95% CI) 100.0% 1.40 [1.22, 1.61] -
Heterogeneity: Tau? = 0.00; Chi? = 5.80, df =5 (P =0.33); I? = 14% 0"5 0'.7 ] 1'.5 '2

Test for overall effect: Z=4.71 (P < 0.00001)

Figure 2. Meta analysis.

Favours placebo

Favours galantamine
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Table 3. Percentage ranges of subjects with most often

reported harms in galantamine-placebo randomized
controlled trials.
Harm Percentage Percentage
Range— Range—
Galantamine Placebo
(minimum%, (minimum%,
maximum©%) maximum©%)
Nausea 1125, 4030 02,2822
Diarrhea 4%, 13223 2%, 72130
Dizziness 381 122 0%, 17?2
Accidental injury 324, 822 6%, 15
Serious harm 125, 162¢ 125, 132

(eg, hepatic failure)

galantamine data and open-label donepezil data at the
group level found a 4-point change on the ADAS-cog
to be associated with similar changes on the CIBIC+
or GAS.>"*? In the 15 extracted trials, none of the group
differences in ADAS-cog score exceeded four points.
Researchers have conducted little work to estab-
lish MCIDs for other scales used in dementia drug
trials, so the clinical value of statistically significant
results based on these scales remains uncertain.

Specify the type of analyses undertaken for harms data?

Specify the number for each type of harmful event for each study group?

Was the total number of participants affected by harms specified for each
study arm?
Was the number of participants that withdrew specified for each study
arm?
Specify if the harms reported encompass all the events or a selected
sample?

Were standard scale(s) or checklist(s) used for the collection of harms?
Specify the timing and frequency of collection of the harms?

Specify the training or background of who ascertained the harms?
Specify who collected the harms?

Was the method of harms collection specified as Passive?

Was the mode of harms collection specified as Active?:

Were the number of deaths reported for each group?

Were serious events precisely defined?

Were severe events precisely defined?

Were the harms pre-defined using standardized or precise definitions?

The reporting of harms within the 15 extracted tri-
als was potentially biased, especially when defining
serious and severe harms. Although authors gener-
ally reported the number of harms, they rarely speci-
fied the method (ie, frequency, timing) of reporting.
This places the studies at risk of missing harms, par-
ticularly because active methods of collecting harms
were rarely undertaken. Overall, we found a high risk
of misclassification bias and underreporting of harms
in the extracted trials.

Earlier systematic reviews of galantamine>-*
identified four areas for further research. These
areas included studying persons with severe demen-
tia, conducting follow-ups longer than six months,
undertaking head-to-head comparisons with other
cholinesterase inhibitors or memantine, and ascer-
taining drug effects on incidence and timing of
institutionalization. Despite our inclusion of seven
trialg?021:23:23.28.38.39 pyblished after the earlier reviews,
these four areas are still largely bereft of research.

Another important research gap is the lack of
caregiver-related outcomes in galantamine trials.
Caregivers are the ‘hidden victims’ of dementia™®

0%

10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

|lYes B No OUnclear

Figure 3. Percentage of randomized controlled galantamine trials with risk of bias in reporting harms.
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and they take on a greater role in treatment decision-
making as their loved ones progress to more severe
disease. Galantamine’s impact on patient cognition,
behaviour and mood, and ADLs can affect whether
caregivers support and ‘promote’, or discourage,
drug therapy. Also, dementia caregivers report
lower quality-of-life and greater health challenges
than non-caregivers.*>*° If galantamine can improve
patient outcomes, then perhaps caregiver burden
could decrease, thus improving caregiver health and
delaying institutionalization.’’

While caregiver outcomes are germane to assess-
ing the utility of galantamine, a consensus is needed
to establish which outcomes are important and how to
measure them. Trials for other cholinesterase inhibi-
tors have examined caregiver stress and the amount
of time devoted to caring for a loved one.*® However,
use of scales to measure constructs like stress requires
determination of MCIDs and some evidence suggests
caregivers cannot accurately estimate the time they
devote to caregiving.”

Conclusion

The moderate-quality evidence from 12 random-
ized controlled trials shows galantamine-treated
persons have better outcomes than placebo-treated
persons after a maximum 6-month follow-up. Out-
comes included cognitive function, global function,
behaviour and mood, and ADLs. Evidence from
two galantamine versus donepezil trials does not
favour one treatment over the other. A 4-day ver-
sus 7-day washout period was not shown to affect
outcomes for galantamine-treated persons who
received donepezil for at least 12 weeks prior to the
washout period.

Evidence favouring galantamine must be inter-
preted carefully because ‘better outcomes’ some-
times means less deterioration than placebo and
changes in scale score cannot easily be trans-
lated into clinically meaningful outcomes. Further
research is required to assess galantamine’s efficacy
in more severely affected populations, over longer
periods than six months, in head-to-head compari-
sons with other dementia medications, and on the
incidence and timing of institutionalization. Care-
giver outcomes are also important to assess in future
research.
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