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Glossary

Aβ, amyloid beta

AD, Alzheimer’s disease

ADAS-Cog, Alzheimer’s Disease Assessment Scale—Cognitive

ADCOMS, Alzheimer’s Disease Composite Scale

ADCS-ADL, Alzheimer’s Disease Cooperative Study—Activities of Daily Living

ADCS-PACC, Alzheimer’s Disease Cooperative Study—Preclinical Alzheimer 

Cognitive Composite

ADL, Activities of Daily Living

A-IADL, Amsterdam Instrumental Activities of Daily Living 

AIC, Akaike Information Criterion

ANCOVA, analysis of covariance

ANOVA, analysis of variance

APCC, Alzheimer’s Prevention Initiative (API) Composite Cognitive

ApoE ε4, apolipoprotein E ε4 

CDR, Clinical Dementia Rating Scale

CDR–SB, Clinical Dementia Rating Scale—Sum of Boxes

CIBIC-Plus, Clinician’s Interview-Based Impression of Change-Plus Caregiver 

Input

CSF, cerebrospinal fluid

DMT, disease-modifying therapy

EMA, European Medicines Agency

EQ-5D, EuroQol 5 Dimensions

FDA, Food and Drug Administration

FDG-PET, fluorodeoxyglucose positron emission tomography

IADL, Instrumental Activities of Daily Living

iADRS, Integrated Alzheimer’s Disease Rating Scale

ITT, intention-to-treat

LOCF, last observation carried forward

MAR, Missing At Random

MBI, mild behavioral impairment 

MCAR, Missing Completely At Random

MCI, mild cognitive impairment

mITT, modified intention-to-treat

MMRM, mixed model repeated measures

MMSE, Mini-Mental State Examination

MNAR, Missing Not At Random

MoCA, Montreal Cognitive Assessment

MRI, magnetic resonance imaging

NINCDS-ADRDA, National Institute of Neurological and Communicative Disorders and 

Stroke/Alzheimer’s Disease and Related Disorders Association

NPI, Neuropsychiatric Inventory

NTB, neuropsychological test battery

PET, positron emission tomography

p-tau, phosphorylated tau

QOL-AD, Quality of Life-Alzheimer’s Disease

RUD-Lite, Resource Utilization in Dementia—Lite Version

SIB, Severe Impairment Battery

SUVR, standardized uptake value ratio

t-tau, total tau



3Biogen | Confidential and Proprietary
Veeva ID: Biogen-103281

Date: February 2021

Veeva ID: Biogen-103281

Date: February 2021

Overview of clinical trials for AD  

AD, Alzheimer’s disease
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Symptomatic vs disease-modifying outcome trajectories

Kennedy GJ. Primary Psychiatry 2007;14(11):30-34

No effect or placebo

Symptomatic benefit

Disease modification deceleration

Disease modification arrest
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Traditional AD study design for symptomatic treatments

AD, Alzheimer’s disease; ADAS-Cog, Alzheimer's Disease Assessment Scale—Cognitive Scale; CIBIC-Plus, Clinician's Interview-Based Impression of Change Plus 

Caregiver Input; DMT, disease-modifying therapy; MMSE, mini-mental state examination

Adapted from Cummings J et al. Am J Neurodegener Dis 2012;1:205–216

1. Reisberg B, et al. N Engl J Med 2003;348:1333–1341; 2. Tariot PN, et al. JAMA 2004;291:317–324; 3. Cummings J et al. Am J Neurodegener Dis 2012;1:

205–216

Run-in and 

randomization

Placebo

Treatment

Cholinesterase inhibitor 

(eg donepezil, rivastigmine, galantamine) or memantine*

Co-primary 

endpoints

(eg ADAS-Cog 

and CIBIC-Plus)

Patient performance and 

clinician-backed 

improvements

Mild-to-moderate 

AD dementia

(MMSE=10–26)

Predominantly 6 months 

in duration

Double-blind, placebo 

controlled, parallel group 

clinical trials

*Memantine was approved after the cholinesterase inhibitors were on the market. The memantine development program included one 

monotherapy trial1 and one add-on trial administering memantine on top of donepezil.2 Most clinical trials now accept standard of care with a 

cholinesterase inhibitor, with or without memantine at baseline (ie patients randomized to a DMT as add-on to standard of care)3
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Regulatory guidance on AD trials for disease modification

AD, Alzheimer’s disease; EMA, European Medicines Agency; FDA, Food and Drug Administration

1. US Food and Drug Administration. Guidance for Industry Alzheimer’s Disease: Developing drugs for the treatment of early stage disease. Washington, D.C.: 2013. 

[updated 2/2013]. Available from: https://www.fda.gov/media/110903/download; 2. European Medicine Agency; Committee For Medicinal Products For Human Use. 

Draft guideline on the clinical investigation of medicines for the treatment of Alzheimer’s disease and other dementias. 2016 EMA/CHMP/539931/2014

(1) Clinical benefit supported by a meaningful effect on a biomarker or

(2) Clinical trial design suited to demonstrating a lasting effect on the disease course

A divergence of slope of decline might be produced by a pharmacologically reversible 

effect and is not by itself evidence of disease modification1

FDA

A medicinal product can be considered to be disease-modifying when it delays the 

underlying pathological or pathophysiological disease processes. The EMA noted that 

measurement of the change in rate of decline, as shown by slope analysis and 

increasing drug–placebo difference, is an analysis that can support a 

disease-modifying effect2

EMA

Both FDA and EMA guidance observed that randomized start and randomized withdrawal trial designs with 

clinical outcomes can provide evidence of enduring effects consistent with disease modification

https://www.fda.gov/media/110903/download
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The design of the AD trial largely depends on the clinical stage

AD, Alzheimer’s disease; MCI, mild cognitive impairment

1. Cummings J, et al. Alzheimers Res Ther 2019;76:11; 2. Doody S, et al. N Engl J Med 2014;370:311–321; 3. Rogers S, et al. Arch Intern Med 1998;158:1021–

1031; 4. Burns DK, et al. Alzheimers Dement (N Y) 2019;5:661–670; 5. Li D, et al. Alzheimers Dement (N Y) 2019;5:308–318; 6. Thompson P, et al. Int 

Psychogeriatr 2012;24:689–97

Preclinical

• Secondary 

prevention

• Biomarker 

abnormalities 

(amyloid and tau)

• Cognitively normal

Longitudinal study: 
~3–5 years

Sensitive and valid clinical 
endpoints to measure subtle 
changes to cognitive decline

MCI due to AD 

(prodromal AD)

• Slow progression and/or delay onset of AD 

dementia 

• Biomarker abnormalities (amyloid, tau, and 

neurodegeneration)

• Cognitively abnormal

Longitudinal study; 
~18–24 months

Sensitive and valid clinical endpoints 
to measure subtle changes to 

cognitive and functional decline

Shorter study duration; 
~3–12 months

Measure progression in cognitive 
and functional abilities

Disease-modifying

Duration1–3

Outcomes1–4

Statistical 

analysis 

plan2,4–6

Measure subtle changes 
over time utilizing repeated-

measures analysis or time-to-
event analysis (eg MCI)

Measure subtle changes in 
progression using 

repeated-measures analysis

Change score analysis or 
introduce time-to-event 

endpoints/survival analysis

Stage

Therapeutic 

option

Objectives/ 

Features1,2

Symptomatic

• Slow progression

• Biomarker abnormalities (amyloid, tau, and 

neurodegeneration)

• Cognitively and functionally abnormal

Mild AD 

dementia

Moderate AD 

dementia
Severe AD 

dementia
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Clinical outcome measures typically used in AD trials

AD, Alzheimer’s disease; ADAS-Cog, Alzheimer's Disease Assessment Scale—Cognitive Scale; ADCS-ADL, Alzheimer's Disease Cooperative Study - Activities of 

Daily Living; ADL, Activities of daily living; CDR–SB, Clinical Dementia Rating Scale—Sum of Boxes; CIBIC-Plus, Clinician’s Interview Based Impression of Change 

with caregiver input; DAD, Disability Assessment for Dementia; FAQ, Functional Activities Questionnaire; NPI, Neuropsychiatric Inventory

1. Black R, et al. Alzheimers Dement 2009;5:325–339; 2. Marshall GA, et al. Neurodegener Dis Manag 2012;2:483–491

The usual measure of cognition in patients considered to have mild-to-moderate AD 

dementia is the ADAS-Cog which has 11 items with three optional add-on items1

The global outcomes used in most trials are the CIBIC-Plus and CDR–SB1

Activities of Daily Living (ADL) scales used in mild-to-moderate trials include the 

ADCS-ADL scale, the DAD and the FAQ1,2

Cognition

Global

Function

These domains of disease are usually measured in clinical trials 

in patients who have progressed to a dementia stage1

Behavior is measured with the NPI and additional scales measure specific 

symptoms1
Behavior
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Cognitive

Global

Functional

Choosing sensitive measures

AD, Alzheimer's disease; ADAS-Cog, Alzheimer’s Disease Assessment Scale–Cognitive Subscale; ADCS-ADL, Alzheimer’s Disease Cooperative Study–Activities of 

Daily Living Scale; ADCS-ADL-MCI, Alzheimer’s Disease Cooperative Study–Activities of Daily Living Scale–Mild Cognitive Impairment; A-IADL-Q, Amsterdam 

Instrumental Activities of Daily Living Questionnaire; CDR, Clinical Dementia Rating; CIBIC-Plus, Clinician’s Interview Based Impression of Change with caregiver 

input; CMAI : Cohen-Mansfield Agitation Inventory; FAQ, Functional Activities Questionnaire; MCI, mild cognitive impairment; MMSE, Mini-Mental State Examination; 

NPI, Neuropsychiatric Inventory; SIB, Severe Impairment Battery 

1. Black R, et al. Alzheimers Dement 2009;5:325–339; 2. Harrison JE, et al. JPAD 2018;5:236–244; 3. Sheehan B. Ther Adv Neurol Disord 2012;5:349–358; 4. 

Ferris S, et al. Alzheimers Dement 2009;5:375–379; 5. Pedrosa H, et al. J Nutr Health Aging 2010;14:703–709; 6. Marshall GA, et al. Neurodegener Dis Manag

2012;2:483–491; 7. Sikkes SA, et al. J Geriatr Psychiatry Neurol 2013;26:244–250

Behavioral

Neuropsychological Test Batteries1,2

MMSE3

ADAS-Cog1

SIB4

CIBIC-Plus1

CDR1

ADCS-ADL-MCI1,5

ADCS-ADL1

FAQ6

A-IADL-Q7

NPI1

CMAI1

Preclinical
MCI due to AD 

(prodromal AD)

Mild AD 

dementia

Moderate AD 

dementia
Severe AD 

dementia

Types of outcome measures are sensitive at different points in disease progression.1

Mixing mild, moderate, and severe AD dementia patients leads to high variability and lack of detectable treatment effects 

instead of separating groups and finding treatment effects based on group and an optimally chosen measure1



10Biogen | Confidential and Proprietary
Veeva ID: Biogen-103281

Date: February 2021

Cognitive and clinical function scale development: 

psychometric considerations

Posner H, et al. Innov Clin Neurosci 2017;14:22–29

Ensuring content validity (this may constitute establishing a sound conceptual basis in the 

case of a cognitive test, or ecological validity on the case of a performance-based outcome, 

and where concept elicitation is not feasible)

Verifying the best question–answer combinations to suit the aspect of the cognition or clinical 

function being assessed

Calculating sample size

Selecting models to evaluate various aspects of the scale

Selecting among the various options for the final assessment tool and its accompanying 

analysis guidelines



11Biogen | Confidential and Proprietary
Veeva ID: Biogen-103281

Date: February 2021

Sensitivity of clinical outcomes in AD treatment trials

AD, Alzheimer’s disease; ADAS-Cog, Alzheimer’s Disease Assessment Scale-Cognitive Subscale; MCI, mild cognitive impairment; 

1. Posner H, et al. Innov Clin Neurosci 2017;14:22–29; 2. Coley N, et al. Alzheimers Dement 2011;7:602–610

A major reason that currently used clinical and cognitive instruments in AD research lack sensitivity and 

specificity is the ceiling and floor effects, as well as the learning effect, due to the repeated 

administering of the same instruments1,2

Current study designs compensate by 

increasing sample size and trial duration2

However, large sample sizes require longer 

enrolment periods. Longer study durations 

also result in higher variability of scores at 

the end of the study
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Overcoming lack of sensitivity of clinical endpoints in 

clinical trials

AD, Alzheimer’s disease; FDA, Food and Drug Administration; MCI, mild cognitive impairment

Jutten E, et al. Alzheimers Dement (N Y) 2020;6:e12020

Efforts to develop a single composite scale optimized for patients with MCI due to AD, sensitive 

enough to detect changes in early disease, are underway and are encouraged by the FDA

Key points to consider:

• Do they have acceptable levels of reliability and validity, as well as sensitivity to change 

over time?

• To what extent does any change in cognitive or functional scores reflect clinically 

meaningful changes?

• Do the functional skill assessments feature instrumental activities of daily living (IADL), 

which are prone to early cognitive decline, or items indexing contemporary everyday 

activities, eg electronic banking, smartphone use?
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Defining the clinical outcomes based on the pre-defined 

population

AD, Alzheimer’s disease; ADAS-Cog, Alzheimer’s Disease Assessment Scale-Cognitive Scale; ADCOMS, Alzheimer’s Disease Composite Scale, Alzheimer’s 

Disease Cooperative Study Activities of Daily Living scale; ADCS-ADL, Alzheimer’s Disease Cooperative Study—Activities of Daily Living; A-IADL, Amsterdam 

Instrumental Activities of Daily Living; APCC, Alzheimer’s Prevention Initiative (API) Composite Cognitive; CDR–SB, Clinical Dementia Rating—Sum of Boxes; 

CIBIC-Plus Clinical Interview-Based Impression of Change with Caregiver Input; iADRS, integrated Alzheimer’s Disease Rating Scale; MCI, mild cognitive 

impairment; NPI Neuropsychiatric Inventory; NTB, neuropsychological test battery, PACC, Preclinical Alzheimer Cognitive Composite; SIB severe impairment battery

Cummings J, et al. Alzheimers Res Ther 2019;76:11

Instruments currently utilized as outcome assessments in different stages of AD

Prevention trials MCI due to AD trials AD dementia trials

Cognition
APCC; PACC NTB ADAS-cog in mild-to-moderate AD; 

SIB in moderate-to-severe AD

Function
None ADCS-ADL-MCI scale; 

A-IADL scale

ADCS-ADL scale

Behavior NPI NPI NPI

Global/composite
None CDR–SB; ADCOMS; 

iADRS

CIBIC-Plus in shorter trials; CDR–SB 

in longer trials

Historically, clinical outcome measures have not been deemed sensitive enough, and research continues in this 

area to establish increasingly sensitive measures

Outcome measures for trials need to reflect the stage of disease of the sample selected 
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How to interpret results from AD 

trials that have divergent outcomes

AD, Alzheimer’s disease
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Variability in outcome measures within studies and subgroups

ADAS-Cog, Alzheimer’s Disease Assessment Scale–Cognitive Subscale; ADCS-ADL, Alzheimer’s Disease Cooperative Study–Activities of Daily Living Scale; 

CDR–SB, Clinical Dementia Rating–Sum of Boxes; CI, Confidence Interval

Dickson, S, et al. Oral presentation at CTAD 2020 (Abstract OC15)

A Forest plot allows visualization of consistency of evidence across three different outcomes in a clinical trial, 

with the assumption that one underlying disease process is driving all three

• There is a degree of 

variability between 

outcomes, as well as 

variation each time 

an outcome is 

measured

• Therefore, the best 

practice is to look at 

the totality of 

evidence across all 

outcomes to observe 

for consistency in 

favour of placebo or 

treatment

Favours active comparator Favours placebo
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Overview of AD Research

AD, Alzheimer’s disease
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Unsuccessful investigational drugs for AD

AD, Alzheimer’s disease

Researching Alzheimer's Medicines: Setback and Stepping Stones. 2015. Available from: http://phrma-docs.phrma.org/sites/default/files/pdf/alzheimers-setbacks-

and-stepping-stones.pdf (Accessed December 2020)
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Explanations for failed AD trials

AD, Alzheimer’s disease; FDA, Food and Drug Administration

Cummings J, et al. J Alzheimers Dis 2018;64:S3–S22

Drug-related

• Lack of efficacy of the agent

• Inappropriately low dosing of an effective agent

• Excessive toxicity or lack of tolerability leading to high discontinuation rates in 

the active treatment arms

Trial-related

• Lack of decline in the placebo group

• Recruitment of non-AD patients into trials requiring an AD substrate for drug 

benefit to occur

• Excessive measurement variability – scales accepted by FDA perform poorly

AD drug 

development has 

proven to be 

unusually difficult, 

with a 99.6% failure 

rate
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Image is based on data from https://www.alzforum.org/therapeutics (Accessed December 2020)

Vaccines and immunotherapies – all targets

Phase 1

Phase 2

Phase 3

Amyloid Targets

Passive 
Immunotherapy

Active 
Vaccination

Tau Targets

Active

Passive

Passive

Active 

Active
Other
Target

Inflammation Targets

https://www.alzforum.org/therapeutics
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All therapy types except immunotherapies – all targets

Phase 1

Phase 2

Phase 3

Small Molecule

Dietary Supplement

DNA/RNA-based

Other

Procedural Intervention

Image is based on data from https://www.alzforum.org/therapeutics (Accessed December 2020)

Combination, 
Small Molecule

Small Molecule, 
Supplementary/Dietary

Small Molecule, Other

https://www.alzforum.org/therapeutics
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Utilizing biomarkers as outcome measures in AD trials

AD, Alzheimer’s disease; CSF, cerebrospinal fluid; MRI, magnetic resonance imaging; p-tau, phosphorylated tau

Cummings J, Fox N. J Prev Alzheimers Dis 2017;4:109–115

Target engagement biomarker outcomes reflecting an effect on underlying 

pathophysiology that may eventually contribute to clinical progression

Biomarker outcomes assessing downstream or mechanism-independent effects of 

an intervention (eg CSF tau/p-tau or MRI following anti-amyloid treatment), which 

may be more closely related to clinical outcomes

Dose–response relationships of biomarker changes with the intervention may help 

with dose selection and may predict clinical effects.

A biomarker is a characteristic that can be objectively measured and evaluated as an indicator of a normal 

or pathologic process, or as a measure of response to therapy
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Meta-analysis of biomarker results in AD studies
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Aβ, amyloid beta; AD, Alzheimer’s disease; CSF, cerebrospinal fluid; MCI, mild cognitive impairment; p-tau, phosphorylated-tau; t-tau, total tau 

Image is based on data from  https://www.alzforum.org/alzbiomarker (Accessed December 2020) 

p-tau (CSF)

t-tau 

(CSF)

Aβ42 (CSF)Aβ42 (CSF)

p-tau (CSF)

t-tau (CSF)

Aβ40 (plasma and serum)

Aβ40 (plasma)

These biomarkers can be used for diagnostic 

purposes (to diagnose AD vs healthy vs MCI) and 

enrichment

• A larger circle represents a larger sample size

• A circle further to the right hand side represents 

enhanced separation between groups 

https://www.alzforum.org/alzbiomarker
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Considerations for meta-analysis of biomarkers

Aβ, amyloid beta; AD, Alzheimer’s disease; CSF, cerebrospinal fluid; MCI, mild cognitive impairment

Cummings J. Adv Exp Med Biol 2019;1118:29–61

There are different types of biomarkers

• The presented meta-analysis lacks 

longitudinal studies with biomarkers

• Some longitudinal biomarker studies 

show promising results:

‒ Hippocampal volume in untreated 

patients, but it may be plaques or 

inflammation

‒ Ratio of Aβ42/Aβ40 in CSF

Diagnostic

Enrichment 

Target-engagement

Progression

Surrogate
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Biomarkers and disease progression

Image adapted from: Jack CR Jr, et al. Lancet Neurol 2010;9:119–128

Jack CR Jr, et al. Lancet Neurol 2010;9:119–128

• Many biomarkers begin manifesting earlier and progress at a different rate by the time cognitive 

symptoms manifest

• The further apart the lines, the further apart the change in these biomarkers over time, resulting in 

low correlations between them

B
io

m
a

rk
e

r 
a

b
n

o
rm

a
lit

y

Maximum

CSF Aβ42

Amyloid PET

CSF tau

MRI + FDG-PET
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Study design considerations
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Lessons learnt from failed trials: defining the right AD trial

AD, Alzheimer’s disease

Cummings J, et al. Alzheimers Res Ther 2019;76:11

Defining the 
appropriate 
population

Defining clinical 
outcomes and 

biomarkers based 
on the 

pre-defined 
population

Defining the 
duration of 

exposure and 
timing of visits 

needed to 
demonstrate drug–
placebo difference

Selecting the 
correct dose and 
regimen, and the 
optimal number of 

sites and 
participants 

Selecting the 
correct analysis 

model and 
prioritization of 

outcomes
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Introducing enrichment strategies in AD trials involving DMTs

AD, Alzheimer’s disease; ADAS-Cog, Alzheimer’s Disease Assessment Scale-Cognitive Subscale; ApoE ε4, apolipoprotein E ε4; DMT, disease-modifying therapy; 

MCI, mild cognitive impairment; MRI, magnetic resonance imaging

1. Ard C, et al. J Alzheimers Dis 2011;26:369–377; 2. McEvoy L, et al. Alzheimer Dis Assoc Disord 2010;24:269–277

Disease-modifying clinical trials in AD now include criteria intended to enrich the study population for 

subjects more likely to have underlying AD pathophysiology; a limitation of trials with restrictive inclusion 

criteria is that findings only generalize to the subpopulation examined1,2

Example2: 

• Recruitment of MCI subjects with baseline MRI atrophy patterns consistent with AD resulted in a 

cohort with mean trajectory of decline on the ADAS-Cog of 2.3 points per year compared to a mean 

decline of 1.5 points per year in the unrestricted cohort

• Sample size requirements were reduced by over one-half using this inclusion criterion, 

from 978 per arm to 458 per arm 

• Restricting recruitment to subjects with the ApoE ε4 risk allele increased the mean rate of ADAS-Cog 

decline to 1.7 points per year and reduced the required sample size to 774 persons per arm

• Reduces target population and potentially future label claims
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Symptomatic treatments are expected to perform best in 

symptomatic disease stages

AD, Alzheimer’s disease; MCI, mild cognitive impairment

1. Cummings J, et al. Alzheimers Res Ther 2019;76:11; 2. Doody S, et al. N Engl J Med 2014;370:311–321; 3. Rogers S, et al. Arch Intern Med 1998;158:1021–

1031; 4. Burns DK, et al. Alzheimers Dement (N Y) 2019;5:661–670; 5. Li D, et al. Alzheimers Dement (N Y) 2019;5:308–318; 6. Thompson P, et al. Int 

Psychogeriatr 2012;24:689–97

Preclinical

• Secondary 

prevention

• Biomarker 

abnormalities 

(amyloid and tau)

• Cognitively normal

Longitudinal study: 
~3–5 years

Sensitive and valid clinical 
endpoints to measure subtle 
changes to cognitive decline

MCI due to AD 

(prodromal AD)

• Slow progression and/or delay onset of AD 

dementia 

• Biomarker abnormalities (amyloid, tau, and 

neurodegeneration)

• Cognitively abnormal

Longitudinal study; 
~18–24 months

Sensitive and valid clinical endpoints 
to measure subtle changes to 

cognitive and functional decline

Shorter study duration; 
~3–12 months

Measure progression in cognitive 
and functional abilities

Disease-modifying

Duration1–3

Outcomes1–4

Statistical 

analysis 

plan2,4–6

Measure subtle changes 
over time utilizing repeated-

measures analysis or time-to-
event analysis (eg MCI)

Measure subtle changes in 
progression using 

repeated-measures analysis

Change score analysis or 
introduce time-to-event 

endpoints/survival analysis

Stage

Therapeutic 

option

Objectives/ 

Features1,2

Symptomatic

• Slow progression

• Biomarker abnormalities (amyloid, tau, and 

neurodegeneration)

• Cognitively and functionally abnormal

Mild AD 

dementia

Moderate AD 

dementia
Severe AD 

dementia
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Case study: memantine

AD, Alzheimer’s disease; ADCS-ADL-19, Alzheimer’s Disease Cooperative Study—Activities of Daily Living Version 19; MCI, mild cognitive impairment; MMSE, Mini-

Mental State Examination; NINCDS-ADRDA, National Institute of Neurological and Communicative Disorders and Stroke/Alzheimer’s Disease and Related Disorders 

Association; SIB : Severe Impairment Battery .

Tariot P, et al. JAMA 2004;291:317–324

Duration

Example
A prospective randomized, placebo-controlled, parallel-group, fixed-dose trial in which participants were assigned to 

double-blind treatment with the symptomatic therapy memantine

24 weeks, with a 1- to 2-week single-blind placebo lead-in period before randomization solely to assess compliance

The primary efficacy parameters were the change from baseline on the SIB and on a modified 19-item 

ADCS-ADL-19 at Week 24
Outcomes

Patient 

population

404 patients who had a diagnosis of probable AD, according to the NINCDS-ADRDA criteria, 

as well as residence in the community

Patients had moderate to severe AD dementia (as defined by an MMSE score of 5–14)

Preclinical
MCI due to AD 

(prodromal AD)

Disease-modifying Symptomatic

Mild AD 

dementia

Moderate AD 

dementia
Severe AD 

dementia
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Case study: memantine (cont.)

AD, Alzheimer’s disease; ADCS-ADL-19, Alzheimer’s Disease Cooperative Study—Activities of Daily Living Version 19; ANCOVA, analysis of covariance; CIBIC-

Plus, Clinician’s Interview-Based Impression of Change-Plus Caregiver Input; LOCF, last observation carried forward; MCI, mild cognitive impairment; SIB, Severe 

Impairment Battery  

Tariot P, et al. JAMA 2004;291:317–324

Statistical 

analysis 

plan

• All efficacy analyses were based on the modified intent-to-treat population. Primary efficacy 

analyses were conducted by using the LOCF approach for missing data imputation

• The statistical analysis plan for this study stipulated that only post-baseline data could be 

carried forward

‒ Particularly for the CIBIC-Plus, it is not possible to carry forward baseline data because this is 

a change score and is not applicable to baseline

• Change from baseline was compared between memantine and placebo groups using a 

two-way ANCOVA, with treatment group and center as main effects and baseline total score 

as the covariate. The study was to be declared positive if memantine was statistically significantly 

better than placebo (P<0.05) on both the SIB and ADCS-ADL-19

Preclinical
MCI due to AD 

(prodromal AD)

Disease-modifying Symptomatic

Mild AD 

dementia

Moderate AD 

dementia
Severe AD 

dementia
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Case study: donepezil

ADAS-Cog11, Alzheimer’s Disease Assessment Scale—Cognitive 11-item Scale; CDR, Clinical Dementia Rating Scale; CDR–SB, Clinical Dementia Rating Scale–

Sub of Boxes; CIBIC-Plus, Clinician’s Interview-Based Impression of Change-Plus Caregiver Input; MCI, mild cognitive impairment; MMSE, Mini-Mental State 

Examination; NINCDS-ADRDA, National Institute of Neurological and Communicative Disorders and Stroke/Alzheimer’s Disease and Related Disorders Association; 

QOL, quality of life

Rogers S, et al. Arch Intern Med 1998;158:1021–1031

Duration

Outcomes

Example A phase 3 double-blind, placebo-controlled, parallel-group trial investigating donepezil

~3 months

A diagnosis of probable AD was required to be consistent with the NINCDS-ADRDA criteria. Patients had 

mild-to-moderately severe disease as defined by MMSE scores of 10–26 and CDR scores of 1 or 2 

Primary outcome measures: ADAS-Cog11 and the CIBIC-Plus, a scale that included caregiver-supplied 

information. Secondary efficacy variables: MMSE, CDR–SB, and QOL-AD. Assessment of outcomes 

conducted at baseline and at 3-week intervals for the duration of the study

Patient 

population

Preclinical
MCI due to AD 

(prodromal AD)

Disease-modifying Symptomatic

Mild AD 

dementia

Moderate AD 

dementia
Severe AD 

dementia
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Case study: donepezil (cont.)

AD, Alzheimer’s disease; ITT, intention-to-treat, LOCF, last observation carried forward; MCI, mild cognitive impairment

Rogers S, et al. Arch Intern Med 1998;158:1021–1031

Statistical 

analysis 

plan

• Primary analyses of efficacy and safety were performed on the ITT population

• Analysis of efficacy (requiring a change from baseline score) included all patients who 

received treatment

• Missing data: LOCF was used for those not completing the study

• Secondary analyses were undertaken in the fully evaluable population to confirm the 

conclusions of the primary ITT analysis

• Fully evaluable patients were defined as those who completed the 12-week period of 

double-blind treatment and who had at least 80% medication compliance at the Week 12 

visit

Preclinical
MCI due to AD 

(prodromal AD)

Disease-modifying Symptomatic

Mild AD 

dementia

Moderate AD 

dementia
Severe AD 

dementia
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Determining the optimal duration of an AD trial

AD, Alzheimer’s disease; MCI, mild cognitive impairment

1. Schneider L. J Nutr Health Aging 2010;14:295–298;  2. Cummings J, et al. Alz Res Ther 2019;11:76; 2. European Medicine Agency. Draft guideline on the clinical 

investigation of medicines for the treatment of Alzheimer’s disease and other dementias. 2016. Available from: https://www.ema.europa.eu/en/documents/scientific-

guideline/guideline-clinical-investigation-medicines-treatment-alzheimers-disease-revision-2_en.pdf  (Accessed April 27, 2020)

The minimum duration of confirmatory trials depends on the expected progression 

rate and the assumed activity of the experimental compound, ie the anticipated 

duration of exposure needed to demonstrate a drug–placebo difference2

Using an adaptive design approach, it is possible to adjust trial durations based 

on emerging patterns of efficacy2

In patients with MCI due to AD and mild AD dementia, duration of 18 months has 

been assumed to be sufficient in some trials. In early disease stages, even 

longer studies might be necessary3

The overall clinical course of pre-dementia stages of AD would be expected to be slower on average than 

mild AD dementia. Even in mild-to-moderate AD dementia trials, a substantial proportion of the sample 

remain stable or improve over 18 months1
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Globalization of trials introduces variability

1. Cummings J, et al. J Prev Alzheimers Dis 2016;3:114–120; 2. Henley D, et al. Alz Res Ther 2015;7:43

Recruitment to trials is slow, with some trials recruiting at a rate as low as 0.2 patients, per site, per month 

and requiring 1–2 years to recruit patients for 6-month trials1

To compensate for slow recruitment, the number of trial sites is increased and inclusion of sites in multiple 

world regions is common. However, increasing the number of trial sites invites greater inter-rater 

variability1

Recent analyses suggest that including many trial sites from multiple regions increases variability in 

baseline characteristics and in measures of disease course2



35Biogen | Confidential and Proprietary
Veeva ID: Biogen-103281

Date: February 2021

Veeva ID: Biogen-103281

Date: February 2021

Study analysis considerations
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ANCOVA (Analysis of Covariance)

• An extension of ANOVA, incorporating a covariate

• ANCOVA is used to determine whether there are any 

significant differences between means of two or more 

independent groups after adjusting for at least one 

quantitative baseline variable (usually the baseline 

score for the primary outcome variable)

• Where ANOVA looks for differences in the group 

means, the ANCOVA looks for differences in adjusted 

means (ie adjusted for the covariance with other 

variables) (predictable dropout)

Endpoint analyses dominated in 2004 and 2009; mixed model 

analyses now dominate

ANCOVA, analysis of covariance; ANOVA, analysis of variance; MMRM, mixed model for repeated measures

1. Thompson P, et al. Int Psychogeriatr 2012;24:689–97; 2. Chen FY, et al. Alzheimers Dement (N Y) 2018;4:46–53

3. Prakash A, et al. Int J Clin Pract 2008;62:1147–1158

MMRM (Mixed Model for Repeated Measures)

• An extension of ANOVA, incorporating repeated 

measures

• The MMRM analysis is a “semiparametric” approach, 

which treats time as a factor, or a categorical variable, 

and estimates the mean change from baseline in the 

outcome in each group treating baseline performance as 

a covariate2

• Data collected from all patients (those who drop out as 

well as those who complete the study) are used to 

predict mean longitudinal outcomes for the treatment 

group3

• Provide more accurate estimates of treatment effect and 

its standard error than last observation carried forward 

analysis of covariance when data are missing at random2

• Assumes that dropout is random within known patient 

groups (predictable dropout)

THEN1

NOW2,3
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Covariates are:1

• Variables that may impact the outcome

• Usually measured at baseline

Including a covariate in the model can:1

• Reduce variance

• Correct for imbalance between groups

Choosing covariates to include in the model

AD, Alzheimer’s disease; ADAS-Cog, Alzheimer's Disease Assessment Scale—Cognitive Scale; ApoE ε4, apolipoprotein E ε4; CDR–SB, Clinical Dementia Rating 

Scale—Sum of Boxes; MMSE, Mini-Mental State Examination

1. European Medicines Agency. Guideline on adjustment for baseline covariates in clinical trials. 2015. Available from: 

https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-adjustment-baseline-covariates-clinical-trials_en.pdf (Accessed December, 2020); 2. Doody 

S, et al. N Engl J Med 2014;370:311–321; 3. NCT02477800. Available from: https://clinicaltrials.gov/ct2/show/NCT02477800 (Accessed December, 2020); 

4. NCT02484547. Available from: https://clinicaltrials.gov/ct2/show/NCT02484547 (Accessed December, 2020)

Baseline ADAS-Cog

Baseline CDR–SB

Age

ApoE (carriers and non-carriers of ApoE ε4)

Baseline MMSE

Baseline severity of disease

Covariates for clinical trials for AD2–4
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Responder analyses in AD trials

AD, Alzheimer’s disease; CDR–Global, Clinical Dementia Rating Global Scale; RCT, randomized controlled trial

1. Elmaleh DR, et al. J Alzheimers Dis 2019;71:715–732; 2. Molinuevo JL et al. Alzheimers Res Ther 2015;7:9

A responder can be defined as a patient who improves or stabilizes during an RCT. 

Responder criteria need to be chosen carefully, taking account of the natural progression of disease over 

the course of the trial1

Potential rationale and criteria: Responder 

definitions aid in interpreting results for patients1

CDR-Global is used as a staging instrument

Adding CDR–Global analysis at the end of a study for 

determining response to drug treatment (stable or 

improvement; responder or non-responder) may be an 

additional useful tool as an efficacy measure

An example statistical approach: 

Stepwise logistic regression model for 

pre-defined responder requirements with 

explanatory variables in addition to 

treatment: gender, cognitive scores at 

baseline, and body-weight category2
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Supportive 

analysis

Methods used to deal with missing data in AD trials

AD, Alzheimer’s disease; LOCF, last observation carried forward; MAR, Missing At Random; MCAR, Missing Completely At Random; MMRM, mixed model repeated 

measures; MNAR, Missing Not At Random

1. McGhee D, et al. BMC Neurol 2016;16:92; 2. Garcia T, Marder K. Curr Neurol Neurosci Rep 2017;17:14 

LOCF

Intent-to-treat population with MMRM analysis

Data imputation with substituted values (multiple imputation)

Due to the nature of AD, clinical trials have high rates of missing data, 

as well as highly variable clinical assessments. Unfortunately, 

approaches to limit missing data are unlikely to completely eliminate this 

problem, and measures to account for missing data are required1

Missing Completely At Random (MCAR): the absence of 

the outcome variable is completely unsystematic, ie is 

random and not related to any other variable in the study 

observed or missing. This assumption is strict and rarely 

holds

Missing At Random (MAR): when the probability that an 

outcome is missing is related to some other fully observed 

variable in the model but not the variable with a missing 

value itself. This is a reasonable assumption in many 

studies and is assumed for MMRM analysis

Missing Not At Random (MNAR): MNAR is when the 

missingness depends on the missing values themselves. 

This is often explored in a sensitivity analysis

Definition of missing data fractions2

Primary 

analysis

Data imputation with pattern mixture modeling
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Designing clinical trials in AD for 

disease-modifying therapies (DMTs)

AD, Alzheimer’s disease



41Biogen | Confidential and Proprietary
Veeva ID: Biogen-103281

Date: February 2021

Disease-modifying treatments are expected to perform best in 

early disease stages

AD, Alzheimer’s disease; MCI, mild cognitive impairment

1. Cummings J, et al. Alzheimers Res Ther 2019;76:11; 2. Doody S, et al. N Engl J Med 2014;370:311–321; 3. Rogers S, et al. Arch Intern Med 1998;158:1021–

1031; 4. Burns DK, et al. Alzheimers Dement (N Y) 2019;5:661–670; 5. Li D, et al. Alzheimers Dement (N Y) 2019;5:308–318; 6. Thompson P, et al. Int 

Psychogeriatr 2012;24:689–97

Preclinical

• Secondary 

prevention

• Biomarker 

abnormalities 

(amyloid and tau)

• Cognitively normal

Longitudinal study: 
~3–5 years

Sensitive and valid clinical 
endpoints to measure subtle 
changes to cognitive decline

MCI due to AD 

(prodromal AD)

• Slow progression and/or delay onset of AD 

dementia 

• Biomarker abnormalities (amyloid, tau, and 

neurodegeneration)

• Cognitively abnormal

Longitudinal study; 
~18–24 months

Sensitive and valid clinical endpoints 
to measure subtle changes to 

cognitive and functional decline

Shorter study duration; 
~3–12 months

Measure progression in cognitive 
and functional abilities

Disease-modifying

Measure subtle changes 
over time utilizing repeated-

measures analysis or time-to-
event analysis (eg MCI)

Measure subtle changes in 
progression using 

repeated-measures analysis

Change score analysis or 
introduce time-to-event 

endpoints/survival analysis

Symptomatic

• Slow progression

• Biomarker abnormalities (amyloid, tau, and 

neurodegeneration)

• Cognitively and functionally abnormal

Mild AD 

dementia

Moderate AD 

dementia
Severe AD 

dementia

Duration1–3

Outcomes1–4

Statistical 

analysis 

plan2,4–6

Stage

Therapeutic 

option

Objectives/ 

Features1,2
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Change in slope supportive of disease modification in 

AD studies

AD, Alzheimer’s disease; DMT, disease-modifying therapy; EMA, European Medicines Agency

1. McGhee D, et al. BMC Neurol 2016;16:92; 2. Cummings J, Fox N. J Prev Alzheimers Dis 2017;4:109–115.; 3. Chen YF, et al. Alzheimers Dement (N Y) 

2018;4:46–53

• The EMA has suggested that these 

analyses might be supportive of a 

“slowing in rate of decline”2

• One risk of the slope model is an 

incorrect model specification, due 

to a strong linear assumption that 

could lead to a bias in estimation.3 

Indeed, the broad variability in 

disease progression suggests that 

modelling group change as a slope 

may be misleading

A low proportion of AD studies to date have utilized the slope analysis to formally demonstrate 

sustained divergence.1 The slope model assumes linear progression of clinical outcome measures. 

In addition to comparing outcomes between groups at the end of the study, a sufficient number of 

follow-up assessments are required to allow meaningful slope analyses

C
o

g
n

it
io

n
Time

DMT initiation
2
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Methods to differentiate symptomatic from DMT effects

AD, Alzheimer’s disease; CSF, cerebrospinal fluid; DMT, disease-modifying therapy; FDG-PET, fluorodeoxyglucose positron emission tomography; MRI, magnetic 

resonance imaging; PET, positron emission tomography

1. McGhee D, et al. BMC Neurol 2016;16:92; 2. Aisen P. Neurobiol Aging 2011;32;S64–S66

Delayed-start trial design (or open-label extension 

analyzed like a delayed-start study)

Biomarkers, eg volumetric MRI, FDG-PET, amyloid PET, 

amyloid, and tau CSF

Long-term follow-up (ranging from 12 to 24 months)

Randomized withdrawal design

Time-to-event analysis

Most 

utilized1

Least 

utilized

Over the years, regulators have viewed 

biomarkers in AD trials as a possible 

supporting measure of the proposed 

mechanism of disease, eg regulators have 

been willing to assess treatment effect on 

volumetric MRI as evidence that symptomatic 

benefit reflects an effect on the neurobiology 

of the disease2

Biomarkers could also act as covariates and 

become possible surrogate outcome 

measures in the future (as long as they are 

likely to predict later clinical effects)1
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Randomized withdrawal and staggered start designs for DMTs

AD, Alzheimer’s disease; DMT, disease-modifying therapy

Figures adapted from Leber P. Alzheimer Dis Assoc Disord 1996;1:31–35 and Hendrix, S, et al. Oral presentation at JSM 2009 (Abstract 505)

1. Romero K, et al. Clin Pharmacol Ther 2015;97:210–214; 2. McGhee D, et al. BMC Neurol 2016;16:92

The delayed-start design may provide some empirical support (in terms of power) for disease-modifying claims, 

without depending on biomarkers.1 However, a delayed-start trial may simply be due to earlier symptomatic treatment 

preventing deleterious compensatory mechanisms, rather than specific disease modification2

Time
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Determining the correct sample size for AD trials 

involving DMTs

AD, Alzheimer’s disease; DMT, disease-modifying therapy

1. Cummings J, et al. J Alzheimers Dis 2018;64:S3–S22; 2. Sabbagh MN, et al. Alzheimers Dement (N Y) 2019;5:1319; 3. Romero K, et al. Clin Pharmacol Ther 

2015;97:210–214.

Reduce the sample size requirements by:2

• Enriching the study population

• Improving the sensitivity of the outcome 

measures to detect a change

Why longer studies can be a problem:2

• Longer study durations result in a higher 

variability of scores at the end of the study

• Dropout rates can be higher

The sample-size requirements are related to the expected effect size; assuming that a slowing of 20% or 

more is clinically meaningful for participants and families, the typical trial for a DMT anticipates including 

600–1000 subjects per arm and an observation time of 18–24 months1

Trial simulations may be used to model the results of varying effect sizes and the corresponding required 

sample size3

Example: The sample sizes in the 

solanezumab trials were much larger than 

previous trials, providing sufficient power to 

detect small effect sizes. These large 

sample sizes are partly due to large within-

patient variability (measurement error and 

day to day fluctuations). Individual patient 

trajectories cannot be estimated reliably 

due to this large variability.



46Biogen | Confidential and Proprietary
Veeva ID: Biogen-103281

Date: February 2021

Determining the optimal trial design for a disease-modifying 

intervention study

AD, Alzheimer’s disease; MCI, mild cognitive impairment

1. Cummings J, Fox N. J Prev Alzheimers Dis 2017;4:109–115; 2. Cummings J, et al. J Alzheimers Dis 2018;64:S3–S22; 3. Burns DK, et al. Alzheimers Dement 

(N Y) 2019;5:661–670

Staggered withdrawal or 

delayed start1,2

Parallel randomized controlled 

trial:1

Drug-placebo difference at trial 

completion on accepted clinical 

outcomes and validated biomarkers

Time-to-event analysis: 

Delay to clinical milestones2

Rarely implemented in AD trials; they are 

designed to assess disease-modifying attributes, 

but are challenging to implement

This is the most common type of design structure

Determining whether treatment could delay the 

time until and MCI or AD diagnosis for patients 

with preclinical AD or MCI due to AD 

eg TOMMORROW study (time to MCI diagnosis)3
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Disease-modifying effects may be strongest in patients with 

preclinical AD

AD, Alzheimer’s disease; MCI, mild cognitive impairment

1. Cummings J, et al. Alzheimers Res Ther 2019;76:11; 2. Doody S, et al. N Engl J Med 2014;370:311–321; 3. Rogers S, et al. Arch Intern Med 1998;158:1021–

1031; 4. Burns DK, et al. Alzheimers Dement (N Y) 2019;5:661–670; 5. Li D, et al. Alzheimers Dement (N Y) 2019;5:308–318; 6. Thompson P, et al. Int 

Psychogeriatr 2012;24:689–97

Preclinical

• Secondary 

prevention

• Biomarker 

abnormalities 

(amyloid and tau)

• Cognitively normal

Longitudinal study: 
~3–5 years

Sensitive and valid clinical 
endpoints to measure subtle 
changes in cognitive decline

MCI due to AD 

(prodromal AD)

• Slow progression and/or delay onset of AD 

dementia 

• Biomarker abnormalities (amyloid, tau, and 

neurodegeneration)

• Cognitively abnormal

Longitudinal study; 
~18–24 months

Sensitive and valid clinical endpoints 
to measure subtle changes to 

cognitive and functional decline

Shorter study duration; 
~3–12 months

Measure progression in cognitive 
and functional abilities

Disease-modifying

Measure subtle changes 
over time utilizing repeated-

measures analysis or time-to-
event analysis (eg MCI)

Measure subtle changes in 
progression using 

repeated-measures analysis

Change score analysis or 
introduce time-to-event 

endpoints/survival analysis

Symptomatic

• Slow progression

• Biomarker abnormalities (amyloid, tau, and 

neurodegeneration)

• Cognitively and functionally abnormal

Mild AD 

dementia

Moderate AD 

dementia
Severe AD 

dementia

Duration1–3

Outcomes1–4

Statistical 

analysis 

plan2,4–6

Stage

Therapeutic 

option

Objectives/ 

Features1,2
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Case study: Solanezumab – A4 study 

AD, Alzheimer’s disease; ADCS-PACC, Alzheimer’s Disease Cooperative Study–Preclinical AD Cognitive Composite; ADCS-PI, Alzheimer’s Disease Cooperative 

Study Prevention Instrument study; ADNI, Alzheimer’s Disease Neuroimaging Initiative; AIBL, Australian Imaging, Biomarker & Lifestyle Study of Ageing; CDR, 

Clinical Dementia Rating; CSF, cerebrospinal fluid; MCI, mild cognitive impairment; MMSE, Mini-Mental State Examination; MRI, magnetic resonance imaging; PET, 

positron emission tomography; p-tau, phosphorylated tau. 

Insel P, et al. Ann Clin Transl Neurol 2020;7:776–785; Clinical Trials NCT02008357. Clinical Trial of Solanezumab for Older Individuals Who May be at Risk for 

Memory Loss (A4). Available from: https://clinicaltrials.gov/ct2/show/NCT02008357 (Accessed December, 2020).

Duration

Patient 

population

Outcomes

Example Randomized, quadruple-blind, placebo-controlled trial of solanezumab vs placebo

~39 months

Primary outcome: rate of decline on ADCS-PACC; Free and Cued Selective Reminding Test; Logical Memory IIa

paragraph; delayed recall; digit symbol; global cognition; MMSE. 

Based on power calculations from ADNI, AIBL, ADCS-PI, A4 is powered to detect 30% slowing. 

Biomarker outcomes included PET amyloid; CSF p-tau and tau volumetric MRI; functional MRI; tau PET imaging

N=4432 cognitively unimpaired individuals with evidence of elevated amyloid accumulation on screening PET 

amyloid imaging MMSE 27–30 (education adjustment); CDR 0—allows subtle subjective memory complaint if no 

evidence of impaired function; Logical Memory II score of 15–8 for high education, 13–6 for low education

Preclinical
MCI due to AD 

(prodromal AD)

Disease-modifying Symptomatic

Mild AD 

dementia

Moderate AD 

dementia
Severe AD 

dementia
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Case study: Solanezumab – A4 study (cont.)

AD, Alzheimer’s disease; ADCS-PACC, Alzheimer’s Disease Cooperative Study–Preclinical AD Cognitive Composite; AIC, Akaike Information Criterion; MCI, mild 

cognitive impairment; MMSE, Mini-Mental State Examination; PET, positron emission tomography

Insel P, et al. Ann Clin Transl Neurol 2020;7:776–785

Statistical 

analysis 

plan

• ADCS-PACC cognitive scores are modeled using ordinary least-squares regression that 

allowed nonlinearity

• The relationship between cognitive scores and 18F‐florbetapir PET, as well as interactions 

between demographics and 18F‐florbetapir PET, are evaluated

• Statistical significance of the associations between the outcome and predictors are tested using 

likelihood ratio tests and Akaike Information Criterion (AIC). A lower value of AIC indicates a 

better-fitting model

• Models are adjusted for age, sex, and years of education

Preclinical
MCI due to AD 

(prodromal AD)

Disease-modifying Symptomatic

Mild AD 

dementia

Moderate AD 

dementia
Severe AD 

dementia
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Case study: Initial EXPEDITION trial included patient with 

mild-to-moderate AD dementia (EXPEDITION 1 and 2)

Aβ, amyloid-beta; AD, Alzheimer’s disease; ADAS-Cog11, Alzheimer’s Disease Assessment Scale—Cognitive 11-item Scale; ADAS-Cog14, Alzheimer’s Disease 

Assessment Scale—Cognitive 14-item Scale; ADCS-ADL, Alzheimer’s Disease Cooperative Study—Activities of Daily Living; CDR–SB, Clinical Dementia Rating 

Scale—Sum of Boxes; CSF, cerebrospinal fluid; MCI, mild cognitive impairment; MRI, magnetic resonance imaging; NINCDS-ADRDA, National Institute of 

Neurological and Communicative Disorders and Stroke/Alzheimer’s Disease and Related Disorders Association; NPI, Neuropsychiatric Inventory; PET, positron 

emission tomography.

Doody S, et al. N Engl J Med 2014;370:311–321

Duration

Patient 

population

Outcomes

Example A phase 3, double-blind, placebo-controlled, parallel-group trial investigating solanezumab (EXPEDITION 1)

18 months

Primary outcome measures: the primary outcomes for EXPEDITION 1 and the original primary outcomes for 

EXPEDITION 2 were the change in scores on the ADAS-Cog11 or 14 and the ADCS-ADL scale from baseline to 

Week 80 (endpoint)

Secondary efficacy variables: change from baseline in scores on the CDR–SB, MMSE, NPI, and biomarkers of 

plasma and CSF levels of Aβ and for CSF levels of tau and p-tau; MRI brain volume and PET amyloid  

Assessments measured every 3 months

Otherwise-healthy subjects met criteria for probable AD based on NINCDS-ADRDA criteria.

Screening mild-to-moderate disease population based on MMSE scores of 16–26; scores of 20–26 were 

considered to be mild AD dementia; moderate AD dementia was defined by scores of 16–19. No confirmation of 

amyloid presence required

Preclinical
MCI due to AD 

(prodromal AD)

Disease-modifying Symptomatic

Mild AD 

dementia

Moderate AD 

dementia
Severe AD 

dementia
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Case study: Initial EXPEDITION trial included patient with 

mild-to-moderate AD dementia (EXPEDITION 1 and 2) [cont.]

AD, Alzheimer’s disease; ADAS-Cog11, Alzheimer’s Disease Assessment Scale—Cognitive 11-item Scale; ADAS-Cog14, Alzheimer’s Disease Assessment Scale—

Cognitive 14-item Scale; ApoE ε4, apolipoprotein E ε4; MCI, mild cognitive impairment; mITT, modified intention-to-treat; MMSE, Mini-Mental State Examination; 

MMRM, mixed model repeated measures

Doody S, et al. N Engl J Med 2014;370:311–321

Statistical 

analysis 

plan

• Primary analyses of efficacy and safety were performed on the modified ITT (mITT) population

• The outcomes were analyzed with the use of an MMRM analysis (no imputation of missing data)

Prespecified analysis

Two key subgroups were prespecified for analysis in EXPEDITION 1: 

1. Mild AD (MMSE score of 20–26 at visit 1) vs moderate AD (MMSE score of 16–19 at baseline)*

2. ApoE ε4 carriers vs non-carriers 

*In EXPEDITION 2 (and the subsequent pooled analysis of EXPEDITION 1 and 2), the statistical plan was revised 

to include the mild population only (prompted by findings from EXPEDITION 1), and ADAS-Cog14 was 

implemented instead of ADAS-Cog11 to differentiate effects among this population

Preclinical
MCI due to AD 

(prodromal AD)

Disease-modifying Symptomatic

Mild AD 

dementia

Moderate AD 

dementia
Severe AD 

dementia
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Case study: EXPEDITION 3

Aβ, amyloid-beta; AD, Alzheimer’s disease; ADAS-Cog11, Alzheimer’s Disease Assessment Scale—Cognitive 11-item Scale; ADAS-Cog14, Alzheimer’s Disease 

Assessment Scale—Cognitive 14-item Scale; ADCS-ADL, Alzheimer’s Disease Cooperative Study—Instrumental Activities of Daily Living; CDR–SB, Clinical 

Dementia Rating Scale—Sum of Boxes; CSF, cerebrospinal fluid; FAQ, Functional Activities Questionnaire; MCI, mild cognitive impairment; MMSE, Mini-Mental 

State Examination; NINCDS-ADRDA, National Institute of Neurological and Communicative Disorders and Stroke/Alzheimer’s Disease and Related Disorders 

Association; NPI, Neuropsychiatric Inventory; PET, positron emission tomography; vMRI, volumetric magnetic resonance imaging

Clinical Trials NCT01900665. Progress of Mild Alzheimer’s Disease in Participants on Solanezumab Versus Placebo. Available from: 

https://clinicaltrials.gov/ct2/show/NCT01900665 (Accessed October 28, 2020); Honig LS, et al. N Eng J Med 2018;378:321–330

Duration

Patient 

population

Outcomes

Example A phase 3, double-blind, placebo-controlled, parallel-group trial investigating solanezumab (EXPEDITION 3)

18 months

Primary outcome measures: the primary outcome for EXPEDITION 3 was the change in ADAS-Cog14 from 

baseline to Week 80. Secondary efficacy variables: ADCS-iADL, ADAS-Cog11, MMSE, ADCS-ADL, FAQ, 

CDR–SB, NPI; change from baseline to Week 80 in plasma Aβ, vMRI, PET, and CSF Aβ. Assessments were 

conducted at baseline and six post-baseline time points up to Week 80

Patients met criteria for probable AD based on NINCDS-ADRDA. 

Only included patients with mild AD dementia (screened for an MMSE score of 20–26)

Require evidence of amyloid-related disease, as determined by florbetapir PET or CSF Aβ

Preclinical
MCI due to AD 

(prodromal AD)

Disease-modifying Symptomatic

Mild AD 

dementia

Moderate AD 

dementia
Severe AD 

dementia

https://clinicaltrials.gov/ct2/show/NCT01900665
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Case study: EXPEDITION 3 (cont.)

ADAS-Cog14, Alzheimer’s Disease Assessment Scale—Cognitive 14-item Scale; ITT, intention-to-treat; LOCF, last observation carried forward; MCI, mild cognitive 

impairment; mITT, modified intention-to-treat; MMRM, mixed model repeated measures

Clinical Trials NCT01900665. Progress of Mild Alzheimer’s Disease in Participants on Solanezumab Versus Placebo. Available from: 

https://clinicaltrials.gov/ct2/show/results/NCT01900665?view=results (Accessed October 28, 2020); Honig LS, et al. N Eng J Med 2018;378:321–330

Statistical 

analysis 

plan

• Primary analyses of efficacy were performed on the modified ITT (mITT) population

• Analysis of efficacy and biomarker outcomes (requiring a change from baseline score) included all patients who 

had at least one post-baseline evaluation while undergoing treatment

• Missing data: LOCF was used for those not completing the study

For analyses using LOCF, the last non-missing post-baseline observation (scheduled or unscheduled) will be 

used to calculate change from baseline. Unless otherwise noted, all tests of treatment effects will be conducted 

at a two-sided alpha level of 0.05; two-sided confidence intervals will be displayed with a 95% confidence level. 

All tests of interactions between treatment and other factors will be conducted at an alpha level of 0.05

• The primary outcome was analyzed using an MMRM analysis, with the change from baseline in the ADAS-

Cog14 score at each scheduled visit after baseline as the dependent variable

• The secondary outcomes were analyzed using an MMRM analysis

Preclinical
MCI due to AD 

(prodromal AD)

Disease-modifying Symptomatic

Mild AD 

dementia

Moderate AD 

dementia
Severe AD 

dementia

https://clinicaltrials.gov/ct2/show/results/NCT01900665?view=results
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Case study: BAN2401 Bayesian study design (Study 201) 

AD, Alzheimer’s disease; ADAS-Cog, Alzheimer’s Disease Assessment Scale—Cognitive Scale; ADCOMS, Alzheimer’s Disease Composite Score; AE, adverse 

event; CDR–SB, Clinical Dementia Rating Scale—Sum of Boxes; CSF, cerebrospinal fluid; MCI, mild cognitive impairment; PET, positron emission tomography; 

SAE, serious adverse events; vMRI, volumetric magnetic resonance imaging

1. Clinical Trials NCT01767311. A Study to Evaluate Safety, Tolerability, and Efficacy of BAN2401 in Subjects With Early Alzheimer’s Disease. Available from: 

https://clinicaltrials.gov/ct2/show/NCT01767311 (Accessed November 11, 2020); 2. Satlin A, et al. Alzheimers Dement (N Y) 2016;2:1–12

Bayesian 

study 

design

Study
A double-blind, placebo-controlled, parallel-group study using a Bayesian design with response adaptive 

randomization across placebo or five active arms of BAN2401, in patients with MCI due to AD, or mild AD dementia1

All available longitudinal data from the ongoing study are analyzed, with imputation of missing endpoint data 

based on the longitudinal model, so that response-adaptive randomization and detection of signals 

predictive of 12-month success or futility can occur based on interim analyses before all subjects reach 

trial completion2

• Five active treatment arms and a placebo arm

‒ Use of frequent interim analyses enables the randomization ratios to be adapted based on the clinical 

endpoint

‒ Adaptive randomization generates more data on doses that appear to be more efficacious, or fewer on doses 

that are less effective

• Adaptive design enabling minimization of the overall sample size and study duration, as the trial can be stopped 

for success or futility before full enrollment

Primary outcome measures: the change from baseline in the ADCOMS at 12 months; AEs and SAEs. Secondary 

outcome measures: the change from baseline to 12/18 months in amyloid-PET, CDR–SB, ADAS-Cog, CSF, vMRI1
Outcomes

Preclinical
MCI due to AD 

(prodromal AD)

Disease-modifying Symptomatic
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Severe AD 
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https://clinicaltrials.gov/ct2/show/NCT01767311
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Case study: BAN2401 Bayesian study design (Study 201)(cont.) 

AD, Alzheimer’s disease; ADAS-Cog, Alzheimer’s Disease Assessment Scale—Cognitive Scale; ADCOMS, Alzheimer’s Disease Composite Score; AE, adverse 

event; CDR–SB, Clinical Dementia Rating Scale—Sum of Boxes; CSF, cerebrospinal fluid; MCI, mild cognitive impairment; PET, positron emission tomography; 

SAE, serious adverse events; vMRI, volumetric magnetic resonance imaging

1. Clinical Trials NCT01767311. A Study to Evaluate Safety, Tolerability, and Efficacy of BAN2401 in Subjects With Early Alzheimer’s Disease. Available from: 

https://clinicaltrials.gov/ct2/show/NCT01767311 (Accessed November 11, 2020); 2. Satlin A, et al. Alzheimers Dement (N Y) 2016;2:1–12

Bayesian 

study 

design

Study
A double-blind, placebo-controlled, parallel-group study using a Bayesian design with response adaptive 

randomization across placebo or five active arms of BAN2401, in patients with MCI due to AD, or mild AD dementia1

All available longitudinal data from the ongoing study are analyzed, with imputation of missing endpoint data 

based on the longitudinal model, so that response-adaptive randomization and detection of signals 

predictive of 12-month success or futility can occur based on interim analyses before all subjects reach 

trial completion2

• Five active treatment arms and a placebo arm

‒ Use of frequent interim analyses enables the randomization ratios to be adapted based on the clinical 

endpoint

‒ Adaptive randomization generates more data on doses that appear to be more efficacious, or fewer to doses 

that are less effective

• Adaptive design enabling minimization of the overall sample size and study duration, as the trial can be stopped 

for success or futility before full enrollment

Primary outcome measures: the change from baseline in the ADCOMS at 12 months; AEs and SAEs. Secondary 

outcome measures: the change from baseline to 12/18 months in amyloid-PET, CDR–SB, ADAS-Cog, CSF, vMRI1
Outcomes

The study design has an average overall probability of success of ≥80% when at least one 

dose shows a treatment effect that would be considered clinically meaningful2
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https://clinicaltrials.gov/ct2/show/NCT01767311
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Learnings from the Bayesian study design in the 

BAN2401 study

Satlin A, et al. Alzheimers Dement (N Y) 2016;2:1–12

Study design allowed inclusion of multiple doses and ongoing evaluation of performance. Patients were 

preferentially randomized to dose arms that showed promise

The model made additional assumptions about dose response effect, resulting in shared power from 

nearby doses for estimating treatment effects

Standard for significance was high (80% probability of exceeding the placebo rate by 25%), partly due to 

inclusion of many dose arms. Primary outcome was at 12 months (interim timepoint) resulting in failure of 

the trial to achieve significance, but results were consistent with a true treatment effect
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A Bayesian approach in AD trial design

1. Pallmann P. et al. BMC Med 2018;16:29; 2. Satlin A, et al. Alzheimers Dement (N Y) 2016;2:1–12

Different trial designs have emerged in AD over recent years to accommodate the high variability in clinical 

assessments in AD trials, necessitating larger and longer trials to demonstrate a relevant treatment effect on a 

clinical endpoint

Frequent interim analyses: Allows adjustment of the randomization ratios to assign more 

subjects to doses that perform better. Also used to minimize the overall sample size and study 

duration by stopping recruitment early with strong signals of success or futility outcomes1,2

Longitudinal modelling: updated using data accruing in the trial, with the correlations 

between observations at different timepoints informing the model2

Simulations of trial performance to ensure the type I error rate, power, and accuracy in 

estimating treatment effects, etc. are well defined and acceptable across a wide range of 

possible true treatment effect sizes, dose–response relationships, and population 

characteristics1
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Reading the literature around 

risk factors for AD

AD, Alzheimer’s disease
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Points to consider when reading literature around risk factors

AD, Alzheimer’s disease

Informed by Dr S Hendrix, Pentara Corporation

When reading literature, 

it is important to consider 

various factors

Study size (N)

Case series/reports

Case control studies

Cohort studies

RCTs

Stage of AD 

assessed

Human vs animal 

subjects

Causes vs risk 

factors 

(randomization?)

How was the 

research conducted?

Who is reporting the 

results?

Strength of 

evidence
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Strength of evidence

RCT, randomized controlled trial

Image from: Hassan Murad M, et al. Evid Based Med 2016;21:125–127; image licence from: http://creativecommons.org/licenses/by-nc/4.0/

Hassan Murad M, et al. Evid Based Med 2016;21:125–127

Not all evidence is the same; 

a hierarchy of evidence exists

When reading literature, it is important to 

consider the strength of the evidence being 

evaluated. In general, weak studies, such as 

case series or reports, have a low strength of 

evidence. Case-control studies and cohort 

studies are deemed of increasing strength, with 

RCTs, systematic reviews, and meta-analyses 

having the strongest evidence

Case series/reports

Case-control studies

Cohort studies

RCTs

Systematic 

review / 

meta-analysis

http://creativecommons.org/licenses/by-nc/4.0/
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Hidden variables must be accounted for in trials without a 

randomized control group

Image from: Liyanage SI, et al. Alzheimers Dement (N Y) 2018;4:628–635; image license available from: https://creativecommons.org/licenses/by-nc-nd/4.0/

Liyanage SI, et al. Alzheimers Dement (N Y) 2018;4:628–635

Leisure

participation

Multilingualism

Stress

Clinic

environment

Education

Fulfillment

Caregiver

coaching

Other drugs

Sleep

Cognitive

reserve

Cognition and

memory

Alzheimer’s

disease

Experimental

therapy

Physical activityTrauma

Disease

course

Diet

Concurrent

disease

Desired

effect

A recent review proposed that a 

series of hidden variables may have 

the potential to obscure the 

perceived efficacy of a therapy 

within the standard clinical trial 

paradigm, which could be 

contributing to the trial failure to 

observe clinical benefit
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Click-bait headlines

Click-bait headlines often draw conclusions from the studies that are exaggerated, 

or imply causality rather than association
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Causation vs association

AD, Alzheimer’s disease

Altman N, Krzywinski M. Nature 2015;12:899–900

When analyzing literature around risk factors, it is important to be aware of the difference 

between causation and association

Association should not be confused with 

causality:

• If X causes Y, then the two are associated 

(dependent)

• However, associations can arise between 

variables in the presence (ie X causes Y) and 

absence (ie they have a common cause) of a 

causal relationship

Example: 

Headline: Drinking one cup of black tea a day 

can halve your risk of developing AD 

This does not mean that black tea confers 

resistance to AD. For example, hypothetically, 

those who drink a lot of black tea could work 

indoors for long hours, reducing their exposure to 

the sun outdoors, which could be a risk factor for 

AD. Therefore, no direct causal link can be 

inferred without a randomized controlled trial
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Case study: primary literature

AD, Alzheimer’s disease

Lourida I, et al. JAMA 2019;322:430–437

Primary literature is the most appropriate source of information regarding risk factors in AD, but 

it is still important to check different factors

Association of Lifestyle and Genetic Risk With 

Incidence of Dementia Lourida et al, 2019

• N=196,383

• Patients aged 60–73. Mean age of 64.1 at initiation, and 

72 at the end of follow-up

• Participants without cognitive impairment or dementia at 

baseline joined the UK Biobank study from 2006 to 

2010 and were followed up until 2016/2017

• Lifestyle factors included smoking status, physical 

activity, diet, and alcohol consumption

• Among older adults without cognitive impairment or 

dementia, an unfavorable lifestyle was significantly 

associated with higher dementia risk

Points to consider

Very large N number

Long study period

Human patients Appropriate 

conclusions regarding 

causation vs 

association

Cohort study

Patients both with 

and without dementia 

were studied
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Association of Lifestyle and Genetic Risk With 

Incidence of Dementia Lourida et al, 2019

• N=196,383

• Patients aged 60–73. Mean age of 64.1 at initiation, and 

72 at the end of follow-up

• Participants without cognitive impairment or dementia at 

baseline joined the UK Biobank study from 2006 to 

2010 and were followed up until 2016/2017

• Lifestyle factors included smoking status, physical 

activity, diet, and alcohol consumption 

• Among older adults without cognitive impairment or 

dementia, an unfavorable lifestyle was significantly 

associated with higher dementia risk

Points to consider

Case study: primary literature (cont.)

AD, Alzheimer’s disease; CV, cardiovascular

Lourida I, et al. JAMA 2019;322:430–437

Primary literature is the most appropriate source of information regarding risk factors in AD, but 

it is still important to check different factors

Self-reported lifestyle 

measures

Potential involvement 

of other lifestyle 

factors not identified in 

the study such as CV 

risk/incidence

No randomization

Potential unmeasured 

confounding and reverse 

causation
Limited age range

No validation of 

association in an 

independently 

ascertained population



66Biogen | Confidential and Proprietary
Veeva ID: Biogen-103281

Date: February 2021

Conclusion

AD, Alzheimer’s disease

AD is a very complex and challenging disease, with a number of important considerations

Results from clinical trials for AD are not always clear

It is crucial to have disease-area knowledge when analyzing and interpreting results of 

clinical trials for AD

Additional analyses are needed to decipher all outcomes of clinical trials for AD


