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Requiring an amyloid-b1-42 biomarker for prodromal
Alzheimer’s disease or mild cognitive impairment does not lead to more

efficient clinical trials
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Abstract Background: Low cerebrospinal fluid (CSF) amyloid-b1-42 concentration and high total-tau/Ab1-42
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ratio have been recommended to support the diagnosis of prodromal Alzheimer’s disease (AD) in pa-
tients with amnestic mild cognitive impairment (aMCI) and also to select patients for clinical trials
(Shaw et al, Ann Neurol 2009;65:403e13; Dubois et al, Lancet Neurol 2007;6:734e46).
Methods: We tested this recommendation with clinical trials simulations using patients from the
Alzheimer Disease Neuroimaging Initiative who fulfilled the following entry criteria: (1) aMCI,
(2) aMCI with CSFAb1-42 �192 mg/mL, (3) and aMCI with total-tau/Ab1-42 .0.39. For each crite-
rion, we randomly resampled the database obtaining samples for 1000 trials for each trial scenario,
planning for 1 or 2 year trials with samples from 50 to 400 patients per treatment or placebo group,
with up to 40% dropouts, outcomes after using the AD assessment scale-cognitive subscale and clin-
ical dementia rating scale with effect sizes ranging from 0.15 to 0.75, and calculated statistical power.
Findings: Approximately 70% to 74% of aMCI patients with CSF measures met biomarker criteria.
The addition of the low Ab1-42 or high tau/Ab1-42 requirement resulted in minimal or no increase in
the power of the trials compared with enrolling aMCI without requiring the biomarker criteria.
Slightly larger mean differences between the placebo and treatment groups fulfilling biomarker cri-
teria were offset by increased outcome variability within the groups.
Interpretations: Although patients with aMCI or patients with prodromal AD meeting CSF bio-
markers criteria were slightly more cognitively impaired and showed greater decline than patients
with aMCI diagnosed without considering the biomarkers, the requirement of biomarker-positive pa-
tients would most likely not result in more efficient clinical trials, and trials would take longer be-
cause fewer patients would be available. A CSF Ab1-42 marker, however, could be useful as an
explanatory variable or covariate when warranted by the action of a drug.
� 2010 The Alzheimer’s Association. All rights reserved.
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1. Background

Using data from the Alzheimer’s Disease Neuroimaging
Initiative (ADNI), researchers concluded that low cerebro-
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spinal fluid (CSF) amyloid-b1-42 concentrations or high
total-tau protein to Ab1-42 ratios in patients diagnosed with
amnestic mild cognitive impairment (aMCI) predicted pro-
gression to Alzheimer’s dementia (e.g., 89% with high
t-tau/Ab1-42 ratio within 1 year) [1]. Those researchers sug-
gested that biomarkers could be used as clinical trials entry
requirements to improve the efficiency and reduce the
eserved.
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sample sizes of trials. Some others have recommended CSF
Ab1-42 markers for this purpose as well [2e5], and at least
one pharmaceutical manufacturer required similar
biomarker criteria to support a prodromal Alzheimer’s
disease (AD) diagnosis in a targeted design clinical trial [6].

Research criteria for prodromal or early AD, that is, AD
before the onset of dementia, have been proposed on the ba-
sis of the fulfillment of the criteria for the equivalent of
aMCI by a patient, with an episodic memory deficit that fails
to improve on cueing, and a biomarker associated with AD
that could be identified and measured by either brain imag-
ing or CSFAb1-42 or tau protein assays [2]. Moreover, ad hoc
groups have recommended that future clinical trials for pro-
dromal AD could be made more efficient by introducing the
requirement for a CSF Ab1-42 biomarker [1,3]. Relying on
the ADNI database [5,7], researchers calculated that, to
demonstrate a 40% reduction in progression on clinical
ratings, with 80% power, an alpha error P � .05, and a 2-
year drop-out rate of,40%, about 100 or 150 patients would
be required for one or another primary outcome per drug and
placebo group for those who are selected by using the bio-
marker criteria as compared with twice as many without
the biomarker criteria.

We empirically tested the potential efficiency of these
recommendations by statistically simulating a range of clin-
ical trials scenarios with aMCI patients with or without bio-
marker inclusion criteria using the same database on which
the CSF biomarker recommendations were based [1].
2. Methods

2.1. ADNI study overview and participants

ADNI is a natural history, nontreatment, observational
study aimed at setting standards for brain imaging studies
and biomarkers for diagnosis and treatment trials [7]. A total
of 59 sites, which were mostly academic, recruited 188 par-
ticipants with mild AD (i.e., mini-mental state examination
[MMSE] scores ranging from 21 to 26), 405 with mild cog-
nitive impairment (MCI) (MMSE ranging from 24 to 30),
and 229 with no cognitive impairment, who were followed
up with regular assessments [5,7].

The MCI inclusion criteria, detailed in previously pub-
lished data [5,7], are identical to criteria for the MCI of
the amnestic-type used in previous MCI clinical trials on
cholinesterase inhibitors [8,9], which required a clinical
dementia rating (CDR) [10] score of 0.5 with the memory
box scored at 0.5 or greater, and delayed recall from the log-
ical memory II subscale of the Wechsler memory scaleere-
vised [11] to be�8 for 16 years of education, �4 for 8 to 15
years, or �2 for 0 to 7 years. Patients were required to be
largely intact with regard to general cognition and functional
performance, and could not qualify for a dementia diagnosis.
As in most current clinical trials, participants could continue
using marketed anti-dementia drugs if they had been on sta-
ble doses for at least 4 weeks before entry [7].
The main imaging and biomarkers include brain mag-
netic resonance imaging, positron-emission tomography,
and CSF Ab and tau protein concentrations [5,7]. The
main clinical ratings reflected the following clinical trials
outcomes: the Alzheimer’s Disease Assessment Scale-
cognitive subscale (ADAS-cog) [12], CDR [10], MMSE
[13], and functional activities questionnaire [14]. Clinical
assessments were carried out at 6-month intervals over the
first 2 years.

The ADAS-cog [11] evaluates memory, reasoning, lan-
guage, orientation, praxis, language, and word finding diffi-
culty, and is scored from 0 to 70 errors. The CDR [10] is used
to rate impairment (from 0 5 not impaired to 3 5 severely
impaired) in each of the following six categories: memory,
orientation, judgment and problem solving, community af-
fairs, home and hobbies, and personal care; and are summed
into the CDR sum of the boxes score (CDR-sb) as a severity
measure ranging from 0 to 18.
2.2. Simulation methods

Simulations were conducted under a detailed protocol
[15] to reflect typical clinical trials for an experimental
drug for aMCI or early AD with one treatment and placebo
group, 1:1 allocation ratio, and parameters selected to be
consistent with previously published trials [8,9]. For each
trial scenario, a separate set of patients was constructed
by randomly choosing from the ADNI dataset with
replacement, that is, patients from the dataset could be
present in the simulated groups for more than one
occasion. Sample sizes of 50, 100, 200, and 400 per group
were used; 12- and 24-month-long trials were considered;
the ADAS-cog and CDR-sb were the primary outcomes.
The placebo group outcome was the score for the patient
at the specified time point in the ADNI database. For the
treatment group, a range of effect sizes ranging from 0.15
to 0.75 with 0.10 increments were used to compute an ex-
pected treatment effect (or slowing down of decline) reflect-
ing very small to moderately large effect sizes [16]. For each
patient, an individual treatment effect was randomly gener-
ated from a c2 distribution with a mean equal to the expected
treatment effect to allow for a more realistic distribution of
declines over time, where a few patients may fail or worsen
more markedly than would be predicted by a normal distri-
bution. The individual treatment effect was shifted by sub-
tracting two times the expected treatment effect, then
adding the resultant to the patient’s score at the specified
time point in the database. Therefore, even when a patient
was reused in the analysis, the actual value used would be
modified by this randomly selected amount in the treatment
arm. In the placebo arm, use of the same patient would lead
to a slight underestimation of the variance, thereby slightly
improving the statistical power examined later in the text.
Dropout rates of 20% and 40% in both the treatment and pla-
cebo groups were incorporated into the scenarios.
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2.3. Selection criteria

Patients were selected for the samples in a way similar to
when they apply for clinical trials using the following three
sets of inclusion criteria: (1) aMCI diagnosis at screening
with the logical memory II delayed memory deficit defined
previously; (2) aMCI with CSF Ab1-42 �192 pg/mL; and
(3) aMCI with t-tau/Ab1-42 .0.39. The latter two criteria
were specifically recommended as aforementioned [1], ful-
fill newly proposed research criteria for AD [2], and are con-
sistent with criteria for a commercial prodromal AD clinical
trial [6].
2.4. Statistical analysis

The primary analyses were conducted using a mixed ef-
fects linear model (covariance pattern model), which adjusts
for missing data to test for differences between the baseline
and endpoint values for the treatment and placebo groups.
The mixed effects model minimizes bias and better controls
for type I error in the presence of missing data [17]. For each
set of inclusion criteria, a full model was constructed with
group effect, visit effect, and group-by-visit interactions,
with age and gender as covariates, and a reduced model
with visit, age, and gender effects. A compound symmetric
covariance structure was used to model the correlation be-
tween visits for each participant. Parameters were estimated
using maximum likelihood. Probability values for the group
(treatment) effect were calculated using twice the difference
in the logarithmic likelihood of the full and reduced model,
which follows a c-squared distribution with the appropriate
degrees of freedom. Secondary analyses examined last ob-
Table 1

Clinical characteristics and ratings among groups based on different selection cri

aMCI aMCI 1

N 400 148

Age (years), mean (SD) 74.92 (7.41) 74.66 (7

Gender, male % 64.5% 64.9%

Race, Caucasian % 93.5% 96.6%0

Marital status, married % 80.3% 84.5%

Education, college % 64.3% 62.8%

APOE 34 genotype % 54.0% 64.2%

MMSE, screening, mean (SD) 27.01 (1.78) 26.79 (1

CDR-sb, screening, mean (SD) 1.61 (0.88) 1.65 (0

CDR-sb, 6 mo, mean (SD) 1.97 (1.37) 2.09 (1

CDR-sb, 12 mo, mean (SD) 2.27 (1.52) 2.51 (1

CDR-sb, 24 mo, mean (SD) 3.06 (2.23) 3.44 (2

ADAS-cog, baseline, mean (SD) 11.56 (4.42) 12.25 (4

ADAS-cog, 6 mo, mean (SD) 12.32 (5.51) 13.39 (5

ADAS-cog, 12 mo, mean (SD) 12.55 (6.19) 13.34 (5

ADAS-cog, 24 mo, mean (SD) 14.12 (7.43) 15.76 (7

Dementia, 24 mo, mean (SD) 28.5% 35.8%

Abbreviations: aMCI 5 amnestic mild cognitive impairment; low Ab1-42 5 cer

APOE 34 genotype5% with 1 or 2 alleles; MMSE5Mini-mental State Examina

AD Assessment Scale-cognitive.

NOTE. The groups with CSF measures are subsets of the amnestic MCI group an

ratio in the 199 patients who received CSF analyses.
servation carried forward samples to impute missing values
and complete cases using the nonparametric Wilcoxon test
to detect any differences between treatment and placebo
groups as a result of the skewed distributions of the out-
comes. For all analyses, the missing data pattern present in
the ADNI database was used to realistically simulate drop-
outs; observations were missing in simulated datasets in
cases where they were originally missing in the ADNI data-
base.

One thousand simulations were carried out for each sce-
nario so that estimates of power could be obtained up to three
digits. Power was calculated as the proportion of 1000 sim-
ulated trials per trial scenario having a P value �.05. Anal-
yses were performed using version 2.10.1 of the R
programming environment [18]. Mixed model analyses
were performed using version 3.1-89 of the nlme package
for R [19]. The database was downloaded on December 7,
2009 from http://www.loni.ucla.edu/twiki/bin/view/ADNI/
ADNIClinicalFAQ.
3. Results

3.1. Patient characteristics

The three sets of inclusion criteria were similar with re-
spect to demographic and clinical characteristics, predomi-
nantly, patients were Caucasian, male, married, highly
educated, and 57.7% of those whose history was ascertained
had a family history of dementia (Table 1).

Overall, 54.0% of the patients were APOE 34 genotype
carriers (one or two alleles) and 64% to 66% of the
biomarker-positive patients were APOE 34 genotype
teria

low Ab1-42 aMCI 1 high t-tau/Ab1-42 P value

137

.09) 74.66 (7.45) .84

62.8% .92

96.4% .93

81.8% .95

62.0% .92

66.0% .17

.79) 26.83 (1.82) .32

.91) 1.63 (0.89) .95

.26) 2.06 (1.23) .30

.39) 2.51 (1.42) .03

.14) 3.49 (2.15) .03

.54) 12.41 (4.55) .07

.31) 13.42 (5.25) .02

.93) 13.59 (5.92) .06

.08) 15.85 (7.12) .01

38.0% .23

ebrospinal fluid levels ,192 ng/mL; high t-tau/Ab1-42 5 CSF ratio .0.39;

tion; CDR-sb5 clinical dementia rating-sum of boxes score; ADAS-cog5

d are defined by having a low CSFAb1-42 concentration or high t-tau/Ab1-42

http://www.loni.ucla.edu/twiki/bin/view/ADNI/ADNIClinicalFAQ
http://www.loni.ucla.edu/twiki/bin/view/ADNI/ADNIClinicalFAQ
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carriers. In all, 44.0% used cholinesterase inhibitors (84.9%
donepezil), 9% used cholinesterase inhibitors and meman-
tine, 2.4% used only memantine, and 53.5% used neither.
Median duration of previous use of cholinesterase inhibitors
was 0.97 years and for memantine it was 0.88 years [20].

Over 95% of the population was classified by investiga-
tors as MCI due to AD; 400 of 402 patients (99.5%) fulfilled
criteria for aMCI. Ab1-42 and total tau levels were deter-
mined in 199 and 196 patients, respectively, from CSF sam-
ples taken at enrollment. Mean and median Ab1-42 levels
were 163.6 ng/mL (SD 5 54.8) and 146 ng/mL, respec-
tively; 148 (74.4%) patients had CSF Ab1-42 levels of
,192 pg/mL. Mean and median total tau levels were
103.6 ng/mL (SD 5 60.8) and 87 ng/mL, respectively; 137
(69.9%) patients had t-tau/Ab1-42 of .0.39.

There were statistical trends for the biomarker-positive
groups to have slightly worse rating scale scores. Among
Fig. 1. Power for Alzheimer’s Disease Assessment Scale-cognitive subscale (ADA

lations for the ADAS-cog in patients with amnestic mild cognitive impairment (aM

high CSF t-tau/Ab1-42 by effect size and sample size. Addition of a biomarker selec

Simulation parameters included a 5 0.05, c2 random errors, and 20% dropouts w
the aMCI patients, 95.5%, 90.0%, 80.6%, and 72.1% had
outcomes available at 6-, 12-, 18- and 24-months, respec-
tively; and 28.5% of them progressed to dementia at 24
months as compared with 35.8% of low Ab1-42 and 38.8%
of high t-tau/Ab1-42 patients (P 5 .23).
3.2. Outcomes

Patients showed considerable heterogeneity in their clin-
ical course and within each diagnostic group. Plots depict-
ing change in ADAS-cog and CDR-sb over time for
random samples of 25 participants in the aMCI and low
Ab1-42 diagnostic groups are available online in supplemental
figures.

Power calculations for the mixed model analyses for the
three groups are shown across a range of effect and sample
sizes providing for 20% and 40% dropouts (Figs. 1e4).
S-cog) outcomes in 24-month-long trials with 20% dropouts. Power calcu-

CI), with aMCI plus low cerebrospinal fluid (CSF) Ab1-42, and aMCI plus

tion criterion did not appreciably increase power under any of the scenarios.

ith mixed model analysis for participants with missing data.
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Power increased with increasing effect size and sample size,
but there was generally little difference in power across the
three inclusion criteria. For both the ADAS-cog and the
CDR-sb, the requirement for biomarker criteria typically re-
sulted in 2% to 5% increase in power, 7% in a few scenarios
(Tables 2, 3; Figs. 1e4). Although there were greater mean
differences between placebo and treatment groups with the
biomarker criteria, there were also greater increases in
variability which tended to reduce the effect sizes.

Analyses of 12-month trials using the aforementioned
scenarios also did not show ameaningful difference in power
for the outcomes across the selection criteria. For both the
ADAS-cog and the CDR-sb, aMCI alone typically resulted
in 2% to 4% increase in power as compared with the addi-
tional requirement for biomarker criteria. Secondary analy-
ses of last observation carried forward and complete cases
samples showed similar, very small differences between
Fig. 2. Power for ADAS-cog outcomes in 24-month-long trials with 40% dropou

plus low CSFAb1-42, and aMCI plus high CSF t-tau/ Ab1-42 by effect size and sam

increase power under any of the scenarios. Simulation parameters included a5 0.

ticipants with missing data.
diagnostic groups (Results are available online in supplemental
figures and tables).
4. Discussion

ADNI was designed to provide information for future
clinical trials and it is ideal for evaluating the benefits of
the usage of CSF biomarkers [1,3,5,7]. The assessment of
expert-proposed targeted trials designs for AD and the per-
formance of Ab1-42 diagnostic or predictive biomarkers un-
der experimental, clinical trials conditions have not been
done previously. The results in this study provide an empir-
ical estimation of the distribution and accuracy of clinical
outcomes and potential biases for future AD trials that would
use Ab1-42 biomarkers or a prodromal AD diagnosis as entry
criteria [15]. The low Ab1-42 and the high t-tau/Ab1-42 crite-
ria when added to an aMCI diagnosis did not meaningfully
ts. Power calculations for the ADAS-cog in patients with aMCI, with aMCI

ple size. Addition of a CSF biomarker selection criterion did not appreciably

05, c2 random errors, and 40% dropouts with mixed model analysis for par-
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affect the efficiency of the trials as compared with the aMCI
diagnosis alone.

In the more plausible trials scenarios of small effect sizes
of 0.35 or less, 40% dropouts over 2 years, and 200 to 400
patients per group, the gain in power was typically 4% or
less with either clinical outcome. This small gain must be
weighed against the additional efforts of obtaining CSF, an-
alyzing it, and excluding a proportion of aMCI patients. At
least 26% of the ADNI aMCI patients who had lumbar punc-
tures would not fulfill the biomarker criteria, increasing cost
and time for recruitment by about one-third in exchange for
very little or no gain in statistical power.

The considerable heterogeneity among biomarker-
positive participants is a likely explanation for our results.
Despite greater clinical worsening of about 0.8 ADAS-
cog and 0.4 CDR-sb points over 2 years in the biomarker-
positive groups as compared with the overall aMCI group
Fig 3. Power for clinical dementia rating sum of the boxes score (CDR-sb) outco

CDR-sb in patients with aMCI, aMCI plus low CSFAb1-42, and aMCI plus high C

resulted in very small increases in statistical power, mainly for smaller samples at la

and 20% dropouts with mixed model analysis for participants with missing data.
without regard to biomarkers, the standard deviations of
the outcomes were larger, decreasing the power to detect
treatment differences, that is, the within-group effect sizes
were about the same. The use of these biomarker criteria
for a targeted clinical trial may select from the extremes of
the distribution, where increased within-group variability
may offset any increase in mean difference between groups.

A notable difference between the ADAS-cog and CDR-sb
outcomes was that the within-group effect sizes (i.e., mean
change/SD of the change) were generally larger in the case
of the CDR-sb. However, this did not translate to more effi-
cient trials using the CDR-sb in preference to the ADAS-cog
outcome in terms of treatment effects, power, and required
sample sizes.

Longitudinal studies [21e24], including ADNI [1,25],
demonstrate that CSF Ab1-42 and t-tau concentrations
predict clinical progression in MCI patients; and subgroups
mes in 24-month-long trials with 20% dropouts. Power calculations for the

SF t-tau/ Ab1-42 by effect size and sample size. Addition of the biomarkers

rge effect sizes. Simulation parameters included a5 0.05, c2 random errors,
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that progress to dementia at differential rates defined by CSF
biomarkers can be identified [1,21,23e25]. Although
a consistent finding [26], it has also been consistently ob-
served that either the memory impairment or the CSF abnor-
malities provided approximately equal predicted clinical
declines without differential sensitivity [24,26]. Similarly,
in our analyses the biomarker-positive groups showed only
fractional differences on mean baseline and changed scores
as compared with the aMCI group selected without consider-
ation of CSF biomarkers. Therefore, it appears that positive
CSF biomarkers, when obtained in a clinical research envi-
ronment after an aMCI diagnosis is madedand therefore
perhaps in clinical practice as welldmay mainly identify
more advanced aMCI or prodromal AD; and if so, then cog-
nitive severity appears to be the more pragmatic predictor of
decline [24,26]. Further evidence for this is that the 148 aMCI
Fig. 4. Power for CDR-sb outcomes in 24-month-long trials with 40% dropouts. Po

Ab1-42, and aMCI plus high CSF t-tau/ Ab1-42 by effect size and sample size. Additi

with smaller sample sizes and large effect sizes. Simulation parameters included a

mixed model analysis for participants with missing data.
patients with low concentration values of CSFAb1-42 scored
significantly worse on screening ADAS-cog, CDR-sb, logi-
cal memory-delayed, and functional activities than the 51
patients with high CSFAb1-42 (data not shown).

These results have substantial implications for clinical
trials planning and interpretation. Assumptions that low
CSF Ab1-42 or high t-tau/Ab1-42 are more relevant selection
criteria for clinical trials are based on views that they aid di-
agnosis and index greater brain Ab load and neurodegener-
ation [27]. However, it is not known whether such
biomarker-positive patients would be more likely to respond
to an experimental drug or whether a therapeutic effect will
be detected more readily. The opposite could be true and tar-
geted design trials that select only patients with Ab1-42 bio-
markers may inadvertently select those who are less likely to
benefit because they are too advanced. In fact, the use of CSF
wer calculations for the CDR-sb in patients with aMCI, aMCI plus low CSF

on of biomarkers resulted in only small increases in statistical power, mainly

5 0.05 with 24-month-long trials, c2 random errors, and 40% dropouts with
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Ab1-42 biomarkers after a clinical aMCI diagnosis is made
may not achieve the desired goal of identifying prodromal
AD patients early enough in their illness course for a dis-
ease-modifying drug to show an effect.

Moreover, the efficiency of a targeted clinical trial design
where the premise is that the low CSF Ab1-42 patients will
both deteriorate more and be particularly responsive to treat-
ment, depends on the effectiveness of the drug in both the
biomarker-positive and -negative groups, the proportion of
biomarker-positive patients in the sample, and the accuracy
of the assay [28]. When a small proportion of available pa-
tients are biomarker-positive and the drug has little benefit
for biomarker-negative patients, then in such cases choosing
only biomarker-positive patients would indeed require fewer
patients than a standard clinical trial design [28]. In this
study, 70% to 74% of aMCI patients were biomarker-
positive, potentially limiting the usefulness of CSF Ab1-42
for screening, and there was no meaningful effect on statis-
tical power. For more efficient trials based on preferentially
selecting biomarker-positive patients, the treatment in ques-
tion must be substantially more effective in that group as
Table 2

Power for ADAS-cog outcomes in 24-month-long trials with 20% and 40% dropo

N per group Dropout % Effect size Selection

method

Treatment

group mean

100 20 0.35 aMCI 0.88

100 20 0.35 Ab 1.66

100 20 0.35 t-tau/Ab 1.58

100 20 0.45 aMCI 0.33
100 20 0.45 Ab 1.04
100 20 0.45 t-tau/Ab 0.99

200 20 0.25 aMCI 0.85

200 20 0.25 Ab 1.66

200 20 0.25 t-tau/Ab 1.55

200 20 0.35 aMCI 0.32
200 20 0.35 Ab 1.05
200 20 0.35 t-tau/Ab 0.96

200 40 0.35 aMCI 0.89

200 40 0.35 Ab 1.65

200 40 0.35 t-tau/Ab 1.57

200 40 0.45 aMCI 0.32
200 40 0.45 Ab 1.06
200 40 0.45 t-tau/Ab 0.93

400 20 0.25 aMCI 1.45

400 20 0.25 Ab 2.23

400 20 0.25 t-tau/Ab 2.17

400 40 0.25 aMCI 0.86
400 40 0.25 Ab 1.67
400 40 0.25 t-tau/Ab 1.54

400 40 0.35 aMCI 1.46

400 40 0.35 Ab 2.25

400 40 0.35 t-tau/Ab 2.16

NOTE. To ensure an approximate power of 80% to 90% for the mixed model an

linesterase inhibitors, somewhat fewer than 400 patients per group are needed with

than 100 per group are needed with a dropout rate of 20%. Requiring low Ab1-42 bi

criteria resulted in very small increases in statistical power; these participants sho

deviation of change. Simulation parameters included a5 0.05, effect sizes of 0.15

analysis for participants with missing data.
compared with the biomarker-negative group. It is important
to identify and validate biomarkers for diagnosis and predic-
tion of both disease progression and treatment response
when designing targeted clinical trials [4]; however, CSF
Ab1-42 biomarkers may be differentially informative at dif-
ferent stages [4,24].

The results also demonstrate differences between model-
ing and simulations in estimating power for clinical trials.
Typically, parameters for power calculations are obtained
using summary statistics from reference groups and, assum-
ing a range of effect sizes, corresponding sample sizes are
calculated. This approach depends on the critical assump-
tions that the reference group adequately represents the char-
acteristics of the planned trial sample and the summary
statistics capture the heterogeneity among the trial partici-
pants. However, heterogeneity in the pattern of outcomes
may be unrecognized using summary statistics, particularly,
when the model requires scores to change linearly over time,
and could explain why we observed no significant increase
in statistical power in biomarker-positive patients, whereas
others calculated greater power for the same sample sizes
uts

Placebo group

mean

Treatment

group SD

Placebo group

SD

Power mixed

model

2.86 5.92 5.62 0.56

3.71 6.18 5.85 0.58

3.66 6.27 5.92 0.57

2.85 6.03 5.61 0.71
3.73 6.25 5.88 0.76
3.65 6.41 5.94 0.73

2.84 5.93 5.62 0.54

3.72 6.22 5.88 0.56

3.67 6.27 5.96 0.61

2.85 6.08 5.65 0.78
3.71 6.28 5.86 0.83
3.64 6.40 5.95 0.85

2.85 5.97 5.65 0.70

3.68 6.18 5.86 0.71

3.65 6.30 5.95 0.73

2.87 6.10 5.65 0.86
3.70 6.34 5.87 0.88
3.68 6.36 5.99 0.90

2.86 5.92 5.63 0.81

3.70 6.15 5.88 0.84

3.68 6.23 5.98 0.87

2.85 6.00 5.66 0.71
3.70 6.27 5.89 0.77
3.68 6.32 6.00 0.76

2.86 5.92 5.63 0.93

3.73 6.14 5.88 0.94

3.67 6.23 6.00 0.95

alysis, simulations show that for small effects of 0.25, typical to that of cho-

a dropout rate of 20%, and for medium size effects of 0.45, somewhat greater

omarker (“Ab”) or high total tau to Ab1-42 ratio (“t-tau/Ab”) in the selection

wed greater placebo decline but also increased variability, that is, standard

to 0.75 with c2 random errors, and 20% and 40% dropouts with mixed model
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by using summary data. Therefore, the heterogeneity result-
ing from the sampling process of the simulations better an-
ticipates the heterogeneity that would be observed in
a prospective trial.

One limitation to making inferences from these results is
that, although ADNI was meant to inform clinical trials
methods, it is not itself a randomized trial. Patients volun-
teered for a study without planned treatment intervention
in which lumbar puncture was optional and ratings were
not done under the double-blinded conditions of a random-
ized, controlled trial. Investigators could obtain knowledge
related to APOE 34 genotype, clinical characteristics, test
performance, course, severity, and medication use, which
could have in turn influenced their diagnosis, clinical ratings,
and performing lumbar punctures. Another potential limita-
tion is that the substantial majority who underwent CSF ex-
aminations had low Ab1-42 concentrations and high t-tau/
Ab1-42 ratios, and, although consistent with a European
MCI sample [24], may not represent samples from broader
Table 3

Power for CDR-sb outcomes in 24-month-long trials with 20% and 40% dropouts

N per group Dropout % Effect size Selection

method

Treatment

group mean

100 20 0.35 aMCI 0.90

100 20 0.35 Ab 1.22

100 20 0.35 t-tau/Ab 1.30

100 20 0.45 aMCI 0.74
100 20 0.45 Ab 1.05
100 20 0.45 t-tau/Ab 1.13

200 20 0.35 aMCI 0.91

200 20 0.35 Ab 1.22

200 20 0.35 t-tau/Ab 1.30

200 20 0.45 aMCI 0.73
200 20 0.45 Ab 1.04
200 20 0.45 t-tau/Ab 1.11

200 40 0.35 aMCI 0.91

200 40 0.35 Ab 1.22

200 40 0.35 t-tau/Ab 1.30

200 40 0.45 aMCI 0.73
200 40 0.45 Ab 1.03
200 40 0.45 t-tau/Ab 1.11

400 20 0.25 aMCI 1.05

400 20 0.25 Ab 1.39

400 20 0.25 t-tau/Ab 1.46

400 20 0.35 aMCI 0.91
400 20 0.35 Ab 1.22
400 20 0.35 t-tau/Ab 1.30

400 40 0.25 aMCI 1.05

400 40 0.25 Ab 1.39

400 40 0.25 t-tau/Ab 1.46

400 40 0.35 aMCI 0.91
400 40 0.35 Ab 1.22
400 40 0.35 t-tau/Ab 1.29

NOTE. To ensure an approximate power of 80% to 90% for the mixed model an

400 patients per group are needed with a dropout rate of 20%, and for medium size

rate of 20%. Requiring low amyloid-b1-42 biomarker (“Ab”) or high t-tau/Ab1-42 (

power. Gain in power was less prominent as total power increased. Simulation para

and 20% to 40% dropouts analyzed with mixed model analysis for participants w
communities or nonacademic clinics. Finally, although the
use of cholinesterase inhibitors is allowed in all long-term
AD clinical trials [29], the nearly half the patients using
the drugs were slightly more impaired and declined more
as compared with those not using them and this may have af-
fected illness course [20]. The random treatment allocations
and thousands of simulations ensured that results were not
biased in this respect; however, future simulations studies
and clinical trials might consider the potential effects of mar-
keted medications on both internal and external validity.

In summary, selecting aMCI or prodromal AD patients
for a clinical trial on the basis of CSFAb1-42 biomarker cri-
teria will most likely identify relatively more severe patients
and not enhance the statistical power of the trials. In the ab-
sence of a strong scientific rationale, it may be more practi-
cal and clinically relevant to not have Ab1-42 CSF
biomarkers as a criterion for trials entry in this setting and
to restrict their use as explanatory or stratification variables
when there are reasons to do so.
Placebo group

mean

Treatment

group SD

Placebo group

SD

Power mixed

model

1.48 2.21 1.97 0.47

1.83 2.22 1.94 0.51

1.91 2.23 1.92 0.51

1.48 2.22 1.97 0.63
1.83 2.25 1.93 0.69
1.91 2.26 1.93 0.68

1.48 2.22 1.97 0.69

1.83 2.23 1.94 0.76

1.90 2.23 1.93 0.75

1.48 2.22 1.98 0.89
1.83 2.26 1.94 0.92
1.91 2.25 1.93 0.90

1.48 2.22 1.98 0.62

1.83 2.23 1.93 0.67

1.90 2.22 1.93 0.66

1.48 2.20 1.96 0.79
1.83 2.24 1.94 0.84
1.92 2.25 1.93 0.86

1.48 2.16 1.98 0.76

1.83 2.15 1.94 0.79

1.90 2.15 1.94 0.77

1.48 2.24 1.98 0.93
1.83 2.23 1.95 0.95
1.90 2.23 1.93 0.95

1.48 2.16 1.98 0.68

1.83 2.16 1.93 0.67

1.91 2.15 1.94 0.72

1.48 2.23 1.99 0.88
1.83 2.23 1.94 0.89
1.91 2.23 1.93 0.91

alysis, simulations show that for small effects of 0.25, somewhat more than

effects of 0.45, somewhat less than 200 per group are needed with a dropout

“t-tau/Ab”) as selection criteria resulted in very small increases in statistical

meters included a5 0.05, effect sizes of 0.15 to 0.75 with c2 random errors,

ith missing data.
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