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Associated Trial(s):
1. NCT00253227 - Galantamine in the Treatment of Alzheimer's Disease: Flexible Dose Range Trial
2. NCT00679627 - A Randomized, Double-Blind, Placebo-controlled Trial of Long-term (2-year) Treatment of
Galantamine in Mild to Moderately-Severe Alzheimer's Disease
3. NCT00216593 - Treatment of Severe Alzheimer's Disease in a Residential Home, Nursing Home, or
Geriatric Residential Setting: Evaluation of Efficacy and Safety of Galantamine Hydrobromide in a
Randomised, Doubleblind, Placebo-Controlled Study
4. A group comparative, placebo-controlled, double-blind trial of the efficacy and safety of galantamine
hydrobromide, 7.5 mg (6 mg galantamine base) TID, 10 mg (8 mg galantamine base) TID and 15 mg (12
mg galantamine base) TID taken orally for 12 weeks in
5. Placebo-controlled evaluation of galantamine in the treatment of Alzheimer’s disease: Evaluation of safety
and efficacy under a slow titration regimen
What type of data are you looking for?: Individual Participant-Level Data, which includes Full CSR and all
supporting documentation

Research Proposal
Project Title
Comparative safety and effectiveness of cognitive enhancers for Alzheimer's dementia: a systematic review and
IPD NMA
Narrative Summary:
Alzheimer’s Dementia (AD) is the most common cause of dementia. Patients living with AD have a lower quality of
life (deterioration in memory, thinking, perception, function, behaviour, and mood) and AD ultimately leads to death.
Currently, there is no cure for AD, and patients may respond differently to the medication based on their
characteristics (eg, severity of disease, sex). We aim to investigate the association between the cognitive
enhancers for different patient characteristics and Mini-mental State Examination or overall serious adverse events.
The findings of this study will help to improve guidelines for the management of patients with AD.

Scientific Abstract:
Background: Alzheimer's dementia (AD) is the most common cause of dementia, and several organisations, such
as the National Institute for Health and Care Excellence, suggest that management of patients with AD should be
tailored to their needs. To date, little research has been conducted on the treatment effect in different subgroups of
patients with AD.
Objective: To examine the comparative effectiveness and safety of cognitive enhancers for different patient
characteristics.
Study design: Systematic review of randomised clinical trials of any duration comparing cognitive enhancers alone
or in any combination against other cognitive enhancers, or placebo in adults with AD.
Participants: Adults (aged ?18 years) diagnosed with AD
Main Outcome Measures: The primary outcome of interest is cognition according to the Mini-mental State
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Examination (MMSE), and the secondary outcome is overall serious adverse events.
Statistical Analysis: We will perform a Bayesian hierarchical random-effects meta-analysis combining the individual
patient data (IPD) from each eligible study. If the identified treatment comparisons form a connected network
diagram, we will perform an IPD network meta-analysis (NMA) to estimate subgroup effects for patients with
different characteristics, such as AD severity and sex. We will combine aggregated data from studies that we will
not be able to obtain IPD, with the IPD provided by the original authors, in a single model. We will use the PRISMAIPD[1] and PRISMA-NMA[2] statements to report our findings.
Brief Project Background and Statement of Project Significance:
Alzheimer's dementia (AD) is the most common cause of dementia, and has an insidious onset with progressive
deterioration in cognition (eg, memory, thinking and perception), function, behaviour and mood. To date, 46.8
million people worldwide live with dementia. This number will almost double every 20 years, and it is estimated to
reach 131.5 million by 2050.[3] A study showed that as age increases, the rates of AD increase overall for both
men and women, but it is more prevalent in women (rate/100 years=2.50 (1.85–3.41)) than men (rate/100
years=1.89 (1.22–2.94)).[4] It is currently unclear if galantamine, rivastigmine or donepezil should be used by
patients with severe AD, and whether memantine is the most optimal treatment for severe AD.[5] The use of
acetylcholinesterase inhibitors and increased doses of donepezil in patients with dementia increase the risk of
bradycardia, as well, cholinesterase inhibitors doubles the risk of hospitalisation for bradycardia in older patients.[6,
7] Also, the use of other medications may increase risk of adverse events. For example, cardiac medications like ?blockers may increase risk of bradycardia, and anti-inflammatories may increase risk for gastrointestinal
bleeding.[6, 8-10]
To determine the relative effectiveness and safety of cognitive enhancers for patients with different patient
characteristics (eg, mild-moderate AD vs severe AD, females vs males), we aim to conduct a systematic review
and individual patient data (IPD) network meta-analysis (NMA). In AD, patients may respond differently to the
medication based on severity of AD and sex, and hence severity and sex could be considered treatment effect
modifiers. The optimal approach to tailor results to the patient characteristics is via using IPD. Tailoring the
management of patients with AD is an issue that has been also brought up by several organisations,[11] including
the Alzheimer's Society of Ontario[12] and the National Institute for Health and Care Excellence (NICE).[13] Also,
the Alzheimer's Disease International (ADI) federation in their world Alzheimer report 2015 mention that there has
been dramatically little research into the treatment effect across people of different age and sex.[3]
We previously attempted a systematic review and NMA of aggregated data, but we were unable to provide
definitive conclusions regarding the influence of patient characteristics on the results.[14, 15] In this study we
tailored results to age, AD severity, comorbidity and study duration via subgroup analysis. These results were
similar to 4 Cochrane reviews examining cognitive enhancers for AD.[16-19] The reviews showed that donepezil,
rivastigmine and galantamine, significantly improved cognition[16-19] against placebo, yet cholinisterase inhibitors
overall and donepezil improved behaviour,[16, 17] cholinisterase inhibitors overall and rivastigmine improved
function,[17, 18] and rivastigmine improved AD severity.[18] The use of IPD will increase power and will help
explain the relationship between treatment effects and patient-level characteristics.
Specific Aims of the Project:
The aim of this study is to examine the comparative effectiveness and safety of cognitive enhancers versus
placebo or best supportive care by patient characteristics, such as AD severity and sex. We will use IPD-NMA to
identify potential treatment effect modifiers, and estimate the most effective and safest treatments for patients with
different characteristics. The outputs of our project are to provide clinicians, patients and caregivers with tailored
evidence to inform their decision making, improving the health of patients living with AD.
What is the purpose of the analysis being proposed? Please select all that apply.
New research question to examine treatment effectiveness on secondary endpoints and/or within subgroup
populationsNew research question to examine treatment safetyParticipant-level data meta-analysisParticipant-level
data meta-analysis pooling data from YODA Project with other additional data sources

Research Methods
Data Source and Inclusion/Exclusion Criteria to be used to define the patient sample for your study:
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We have updated our previous review[15] using the following criteria:
• Population: Adults (aged ?18 years) with AD diagnosed using various criteria (eg, Diagnostic and Statistical
Manual of Mental Disorders, Nursing Minimum Data Set criteria) of any duration with either moderate AD.[20]
• Interventions: Cognitive enhancers (donepezil, rivastigmine, galantamine and memantine) alone or in any
combination.
• Comparators: Cognitive enhancers, best supportive care alone or in any combination, and placebo.
• Outcomes: MMSE and overall serious adverse events.
• Study design: We will restrict to RCTs, and will exclude quasi-RCTs.
• Time: Studies of any duration conducted at any time.
• Other: Published studies written in any language will be included.
In case study publications reported data from the same study group (eg, companion reports), we included the most
recent study.
Our systematic reviews identified 139 relevant studies. We will include IPD from the studies reported in the
supplementary, as well as aggregate data from all remaining published studies.
Main Outcome Measure and how it will be categorized/defined for your study:
The primary outcome of interest is cognition according to the MMSE (efficacy outcome, continuous variable), and
the secondary outcome is overall serious adverse events (SAEs; safety outcome, dichotomous variable); both
outcomes were reported by many of the included trials previously and for which NMA was possible. In particular, in
our previous NMA using aggregated data, 60 RCTs with 15 862 patients contributed to a NMA for the MMSE
outcome, and 51 RCTs with 19 329 patients contributed to a NMA for SAEs.
Main Predictor/Independent Variable and how it will be categorized/defined for your study:
We will use a data-driven approach. More specifically, all IPD variables provided will be entered in our NMA and in
the meta-regression analysis we will start by including one dependent and one independent variable. Then
significant moderators will simultaneously be entered into multiple regression models as long as the minimum
number of cases per independent variable is 10. Our goal is to avoid over-fitting and provide reliable treatment
effect estimates.
Other Variables of Interest that will be used in your analysis and how they will be categorized/defined for
your study:
The data we plan to abstract include study characteristics (eg, year of publication), aggregated patient
characteristics (eg, number of patients), outcome results (eg, MMSE, SAE) and source of funding (categorised as:
funded/authored by an employee of a drug manufacturer or other commercial organisation, governmentsponsored/non-profit organisations, including universities and hospitals, no funding, funding unclearly reported, and
funding not reported).[21] Two reviewers will abstract data independently, and all conflicts will be resolved through
discussion. The year of publication and funding are potential effect modifiers. Therefore, these factors will be
explored in a network meta-regression assuming a common fixed coefficient across treatment comparisons.
Statistical Analysis Plan:
As with the original review, we will appraise the risk of bias using the Cochrane Risk of Bias tool.[22] We will draw a
comparison-adjusted funnel plot[23] for both outcomes. Two review authors will also independently assess the
quality of evidence in each NMA using the GRADE approach as extended for network meta-analysis.[24]
We will perform a Bayesian hierarchical random-effects meta-analysis for each treatment comparison, as we
anticipate clinical and methodological between-study heterogeneity. We will perform a two-stage analysis, where at
the first stage each individual will be analysed separately in each trial and at the second step the trial parameter
estimates will be synthesised in a pairwise meta-analysis. All IPD from included studies will be first aggregated to
study-level summary statistics using the R software (platform provided by the YODA project), and then these
estimates will be introduced into the random-effects meta-analysis model. We will use the odds ratio for SAE[25]
and the mean difference effect size for MMSE.[26] In case we are able to obtain IPD for a subset of trials, then we
will use a two-part model with the same between-study variance in both parts and accounting for treatment-bycovariate interactions (including for example co-morbidities such as arrhythmias in the model[27]). The first part will
entail the two-stage model described above using IPD only, whereas the second part will entail applying a pairwise
Page 4 of 7

2017-1671
Published on The YODA Project (http://yoda.yale.edu)
meta-analysis with aggregate data.[27]
For a connected network of trials, the random-effects NMA model will be used. If possible, we will combine
information across a network of trials using only IPD. If we are not successful in obtaining IPD for at least one
study, we will combine both IPD and aggregated data in a single model. Again, a two-part analysis will be applied,
considering the IPD reduced to aggregate data in the first part, and the aggregate data as identified in the
published trials in the second part. Both IPD and aggregate data studies will share the same amount of
heterogeneity. Information on patient-level covariates (eg, AD severity, sex) will be included in the model as
secondary analyses. We will evaluate the consistency assumption using the design-by-treatment interaction model
[28, 29] and the loop-specific method [30, 31] using aggregated data. If inconsistency is suggested, we will check
the data for discrepancies and if none are identified, subgroup or meta-regression analyses will be performed.
We will estimate subgroup effects (eg, age, sex) using treatment-by-covariate interaction terms within studies and
combining these across studies. We will apply 3 model specifications assuming that the regression coefficients are:
a) different and unrelated across comparisons, b) different but related, sharing the same distribution, and c)
identical across comparisons.[32, 33] We will compare the results of the models by evaluating the statistical
significance of the regression coefficients for interactions, monitoring the reduction in the between-study variance,
and using the Deviance Information Criterion[34] to compare the overall fit and parsimony of the models. We will
rank the interventions for each outcome using the surface under the cumulative ranking curve.[35]
We will conduct multiple sensitivity analyses to examine the robustness of our results. We will: 1) restrict to studies
with IPD only, 2) use different priors for the between-study variance, [36-38]3) restrict to RCTs with a low risk of
bias, 4) use different imputation techniques for missing outcome data.[39, 40]
All pairwise meta-analyses and NMAs will be conducted using the Bayesian software OpenBUGS.[41] Two chains
will be generated and convergence will be evaluated by their mixing, after discarding the first 10,000 iterations. We
will use vague priors for all parameters of the models apart from the between-study variance for which we will use
informative priors.[37, 38]
Project Timeline:
Our study protocol was published on 7 December 2015 in an open access journal (see
http://bmjopen.bmj.com/content/6/1/e010251). We started contacting the study authors to request for their IPD on
10 June 2016. By the time we receive the IPD we will collect, review and clean the data within 3-4 months. We
anticipate that the statistical analyses will take another 3-4 months, depending on the complexity of the models and
data. We will need approximately 2-3 months to prepare the manuscript and submit it. We expect the first
submission of the manuscript will be approximately in March 2018.
Dissemination Plan:
The findings of our study will fill an important knowledge gap in healthcare, and will be used to inform decisionmaking for patients suffering from this debilitating disease. The results of this systematic review and IPD-NMA will
be of interest to stakeholders, including decision makers, guideline developers, clinicians, methodologists and
patients. The dissemination of our findings will be knowledge user-driven and tailored to how and when knowledge
users want to receive information. Team members will act as knowledge brokers, using their networks to facilitate
dissemination, such as The Cochrane Collaboration, PRISMA-IPD, Drug Safety and Effectiveness Network
(DSEN). We will also host a knowledge exchange event with our partners to discuss the results and facilitate
dissemination. We will publish our findings in an open access journal, and present them at relevant meetings
(Canadian Geriatrics Society; CGS), as well to newsletters of organisations (Alzheimer's Society of Ontario, CGS).
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