
Simulating Stratified Medicine Trials in AD 

Lon S. Schneider, MD, Richard E. Kennedy, MD, PhD, Gary R. Cutter, PhD 

 
University of Southern California Keck School of Medicine, Los Angeles, CA, 

University of Alabama at Birmingham, Birmingham, AL, USA. 

 
ISCTM Autumn Meeting 

October 3, 2012 

Marina del Rey, California 



Disclosures 
• Relevant financial and non-financial relationships with respect to 

this topic (past 5 years): 

• Dr. Schneider and USC received grant or research support from Abbott, 
Astra Zeneca, Bristol Myers Squibb, Eli Lilly, Johnson & Johnson, Pfizer, 

NIA, NIMH, the (bankrupt) State of California; consulted with Abbott, AC 
Immune, Allon, AstraZeneca, BiogenIdec, Bristol Myers Squibb, Exonhit, 

Elan, EnVivo, FDA, Forest, GSK, Johnson & Johnson, Kirin, Eli Lilly, 
Lundbeck, Merck, Novartis, Pain, Pfizer and Wyeth, Phloronol, Roche, 

Takeda, TauRx, Zinfandel  

• Other relevant disclosures: Dr. Schneider serves or has served on 
editorial boards for The Lancet Neurology and the Cochrane 

Collaboration; on the American Psychiatric Association practice 
guidelines in Alzheimer’s disease, and guidelines committees for the 

American Association for Geriatric Psychiatry, American Geriatrics 
Society, World Federation of Societies of Biological Psychiatry; as an 

expert witness or consultant in civil and criminal federal and state 
litigation for plaintiffs against Lilly, Johnson & Johnson, Pfizer; and for 

defendants AstraZeneca, Pfizer, the California Department of Justice, and 
the United States attorneys general   



Overarching Context 

• Considerable obstacles to translating pre-clinical 

research to clinical 

• Urgency to do more trials with fewer (or more?) patients; 

to “get a signal” earlier….there are too many drugs and 

no validated targets 

• Clinical trials often don’t turn out as planned, often 

underpowered to test the hypothesis 

– We blame the statistics, models, sites, placebos, cholinesterase 

inhibitors, outcomes measures 

• We then try to improve the next trial by tweaking, e.g., 

inclusion criteria, outcomes, follow-ups, and biomarkers  

• We believe that this will “reduce heterogeneity” 

• These are complex problems and we stand to be 

disappointed if we rely on simple solutions  



Outline 
• Background: post hoc analyses of AD trials based on APOE 4 carriage have 

provided interesting and contradictory results.  
– some results might be due to play-of-chance in underpowered analyses,  

– other results may be due to actual interaction of the drug with the subgroup.   

– APOE 4 is the strongest risk factor for AD and associated with age of onset of AD it has 
received particular attention for stratified medicine approaches.   

• Review trials that published outcomes based on APOE carriage 

• Present trials simulations derived from ADNI on Abeta carriage 

• Present trials simulations derived from ADCS trials and ADNI that 

empirically test the efficiency of developing drugs based on trials scenarios 
of APOE carriage 

– specifically, what might be gained by certain stratified medicine assumptions. 

• Conclusions:  
– Previous trials using targeted designs in AD were either misleading or didn't achieve 

intended purpose.  

– Using an ApoE or Abeta biomarker doesn't affect trials much at all 

– Except hypothetically if you just used E2 carriers (< 10% of AD) then there is little change 

• Discuss: the conditions under which targeted designs could work and 
suggestions on making focused trials better 

 



Trials Outcomes Analyzed by ApoE Status 

• Rosiglitazone 

• Bapineuzumab phase 2 

• Tarenflurbil 

• Bapinuzumab phase 3 

• Future trials 

– Solanezumab 

– BMS 

– Roche 

– Pioglitazone (Takeda/Zinfandel) 

 



Rosiglitazone Phase 2 

Risner et al The Pharmacogenomics Journal (2006) 6, 246–254. 



Tarenflurbil: APOE4 Carriers vs. Non-Carriers 
ADAS-cog ITT analysis 

Schneider et al 2008; Green et al JAMA 2009 



Rosiglitazone Phase 3  
ADAS-cog 

CDR-sb 



Bapineuzumab 201 Trial 



Bapineuzumab 301 and 302 Trials 

APOE ε4 carriers APOE ε4 non-carriers 

Salloway et al, and Sperling et al EFNS, Stockholm October 2012 



Aβ Marker Simulations with ADNI 

Data 



Background for Abeta Simulations 
• Low CSF Aβ42 or high t-tau/Aβ42 in patients with amnestic MCI predicted 

progression to Alzheimer’s dementia  

– e.g., 89% with high t-tau/Aβ42 ratio within one year 

• Proposed criteria for (prodromal or early) AD requires a positive biomarker 

– Really, it’s just the equivalent of aMCI with an episodic memory deficit that fails 

to improve 

• ad hoc groups have recommended that future clinical trials for prodromal 
AD would be more efficient if a CSF Aβ42 biomarker were required 

– “to show a 40% reduction in progression on ratings, with 80% power, an alpha error P ≤ 0.05, 

and a 2-year drop-out rate < 40% would require about 100 or 150 patients for one or another 
primary outcome per group when patients are selected [using a CSF Aβ42 biomarker] 

compared to twice as many without the biomarker criteria”  

• Therefore: One should test the potential efficiency of these 
recommendations by simulating a range of clinical trials scenarios 

 

• The Goal:  Design better trials, to predict expected outcomes   

 



MCI CSF Aβ42 positives (--) and negatives (--)  

ADAS-cog 

CDR-sb 



Methods: patient selection/ outcomes 
• Use clinical trials datasets to select subjects fulfilling certain clinical 

trials criteria 

• Amnestic MCI criteria or MCI due to AD 

– MMSE 24 to 30 

– CDR = 0.5 with the memory box scored at >= 0.5 

– Delayed recall from the LM II subscale of the WMS-R: ≤ 8 for 16 years of 

education, ≤ 4 for 8–15 years, or ≤ 2 for 0–7 years.   

– Largely intact with regard to general cognition and function 

• Selection criteria 

– Patients selected as though they were applying for clinical trials: 

• (1) aMCI diagnosis as above  

• (2) aMCI with CSF Aβ42 ≤ 192 pG/mL  

• (3) aMCI with t-tau/Aβ42 > 0.39  

– Latter two criteria are expert-recommended = “prodromal AD” 

• Outcomes: ADAS-cog and CDR-sb performed at 6-month intervals 

 

 
 



Methods: trials scenarios/ simulations 
• Clinical trials scenarios: 

– Sample sizes of 50, 100, 200, and 400 per group  

– 12 and 24 month long trials  

– Dropout rates of 20% and 40% in both groups incorporated into scenarios   

• Placebo group outcome:  

– the score for patient at the specified time point in the ADNI database   

• Treatment group outcome:  

– effect sizes from 0.15 to 0.75 (i.e., very small to moderately large)   

• For each patient: 

– Treatment effect randomly generated from a Χ2-square distribution with mean 

equal to expected effect 

– Each effect was shifted by subtracting 2 times the expected effect, then adding 

the result to the patient’s score at the specified time point in the database   

– Even when a patient was reused in the analysis the actual value used would be 

modified by this randomly selected amount 

– (In the placebo arm use of the same patient would lead to a slight underestimate 

of the variance, slightly improving the statistical power  



Methods: statistical analysis 
• Primary analyses:  Mixed effects linear model (covariance pattern model) 

which adjusts for missing data to test for differences 

– A full model used 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 between visits for each participant.  Parameters estimated using 

maximum likelihood 

– P-values for the group (treatment) effect were found using -2 times the difference 

in the log likelihood of the models which follows a Χ2-square distribution with the 

appropriate degrees of freedom  

• Secondary analyses:  LOCF and complete cases (not further discussed) 

• The missing data pattern present in ADNI was used to simulate dropouts  

• 1000 simulations for each scenario to estimate power to 3 digits 

• Power = proportion of 1000 simulated trials per scenario with  error p ≤0.05 

• Analyses R  2.10.1 and R nlme package  3.1-89  

• Data downloaded Dec 7, 2009: 
http://www.loni.ucla.edu/twiki/bin/view/ADNI/ADNIClinicalFAQ 

http://www.loni.ucla.edu/twiki/bin/view/ADNI/ADNIClinicalFAQ


Results: Characteristics and ratings by selection criteria 
(199 of the 400 aMCI patients had CSF examinations) 

No marker Low Aβ42  High t-tau/Aβ42 P Value 

N 400 148 137 

Age, years, mean, SD 74.92 (7.41) 74.66 (7.09) 74.66 (7.45) 0.84 

Gender, male % 64.5% 64.9% 62.8% 0.92 

Education, college % 64.3% 62.8% 62.0% 0.92 

APOE e4 genotype % 54.0% 64.2% 66.0% 0.17 

MMSE, baseline, mean (SD) 27.01 (1.78) 26.79 (1.79) 26.83 (1.82) 0.32 

CDR-sb, baseline, mean (SD) 1.61 (0.88) 1.65 (0.91) 1.63 (0.89) 0.95 

CDR-sb, 12mo., mean (SD) 2.27 (1.52) 2.51 (1.39) 2.51 (1.42) 0.03 

CDR-sb, 24mo., mean (SD) 3.06 (2.23) 3.44 (2.14) 3.49 (2.15) 0.03 

ADAS-cog, baseline,  (SD) 11.56 (4.42) 12.25 (4.54) 12.41 (4.55) 0.07 

ADAS-cog, 12mo., mean (SD) 12.55 (6.19) 13.34 (5.93) 13.59 (5.92) 0.06 

ADAS-cog, 24mo., mean (SD) 14.12 (7.43) 15.76 (7.08) 15.85 (7.12) 0.01 

Dementia, 24 mo., mean (SD) 28.5% 35.8% 38.0% 0.23 

•  > 95% classified as ‘MCI due to AD,’ 58% w ith FH of dementia 

•     44.0% used ChEIs, 9% ChEIs+memantine; 53.5% neither  

•96%, 90%, 81%, and 72% had outcomes at 6-, 12-, 18- and 24- mo 



Power for ADAS-cog outcomes in 24-month trials 

= aMCI    = aMCI + low Aβ42   = aMCI + high t-tau/ Aβ42  

20% dropouts 40% dropouts 



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

= aMCI    = aMCI + low Aβ42   = aMCI + high t-tau/ Aβ42  



Power for ADAS-cog in 24-month trials 
N per 
Group 

Dropout 
% 

Effect 
Size 

Selection 
Method 

Treatment 
Group 

Mean 

Placebo 
Group 

Mean 

Treatment 
Group SD 

Placebo 
Group SD 

Power 
Mixed 

Model 

100 20 0.45 aMCI 0.33 2.85 6.03 5.61 0.71 

100 20 0.45 Aβ 1.04 3.73 6.25 5.88 0.76 

100 20 0.45 t-tau/Aβ 0.99 3.65 6.41 5.94 0.73 

200 20 0.35 aMCI 0.32 2.85 6.08 5.65 0.78 

200 20 0.35 Aβ 1.05 3.71 6.28 5.86 0.83 

200 20 0.35 t-tau/Aβ 0.96 3.64 6.40 5.95 0.85 

200 40 0.35 aMCI 0.89 2.85 5.97 5.65 0.70 

200 40 0.35 Aβ 1.65 3.68 6.18 5.86 0.71 

200 40 0.35 t-tau/Aβ 1.57 3.65 6.30 5.95 0.73 

200 40 0.45 aMCI 0.32 2.87 6.10 5.65 0.86 

200 40 0.45 Aβ 1.06 3.70 6.34 5.87 0.88 

200 40 0.45 t-tau/Aβ 0.93 3.68 6.36 5.99 0.90 

400 20 0.25 aMCI 1.45 2.86 5.92 5.63 0.81 

400 20 0.25 Aβ 2.23 3.70 6.15 5.88 0.84 

400 20 0.25 t-tau/Aβ 2.17 3.68 6.23 5.98 0.87 

400 40 0.25 aMCI 0.86 2.85 6.00 5.66 0.71 

400 40 0.25 Aβ 1.67 3.70 6.27 5.89 0.77 

400 40 0.25 t-tau/Aβ 1.54 3.68 6.32 6.00 0.76 

400 40 0.35 aMCI 1.46 2.86 5.92 5.63 0.93 

400 40 0.35 Aβ 2.25 3.73 6.14 5.88 0.94 

400 40 0.35 t-tau/Aβ 2.16 3.67 6.23 6.00 0.95 

To ensure an approximate power of  80% to 90% f or the mixed model analysis, simulations show that f or small ef f ects of  0.25, t ypical to that of  

cholinesterase inhibitors, somewhat f ewer than 400 patients per group are needed with a dropout rate of  20%, and f or medium s ize ef f ects of  0.45, 

somewhat greater than 100 per group are needed with a dropout rate of  20%.  Requiring low Aβ1-42 biomarker (“A”) or high total tau to Aβ1-42 ratio (“t-

tau/A”) in the selection criteria resulted in very small increases in statistical power; these participants showed greater placebo  decline but also increased 

variability, i.e., standard deviation of  change.  Simulation parameters included =0.05, ef f ect sizes of  0.15 to 0.75 with Chi-squared random errors, and 

20% and 40% dropouts with mixed model analysis f or participants with missing data.  

 



Power for CDR-sb outcomes in 24-month 
N per 
Group 

Dropout 
% 

Effect 
Size 

Selection 
Method 

Treatment 
Group 

Mean 

Placebo 
Group 

Mean 

Treatment 
Group SD 

Placebo 
Group SD 

Power 
Mixed 

Model 

200 20 0.35 aMCI 0.91 1.48 2.22 1.97 0.69 

200 20 0.35 Aβ 1.22 1.83 2.23 1.94 0.76 

200 20 0.35 t-tau/Aβ 1.30 1.90 2.23 1.93 0.75 

200 20 0.45 aMCI 0.73 1.48 2.22 1.98 0.89 

200 20 0.45 Aβ 1.04 1.83 2.26 1.94 0.92 

200 20 0.45 t-tau/Aβ 1.11 1.91 2.25 1.93 0.90 

200 40 0.45 aMCI 0.73 1.48 2.20 1.96 0.79 

200 40 0.45 Aβ 1.03 1.83 2.24 1.94 0.84 

200 40 0.45 t-tau/Aβ 1.11 1.92 2.25 1.93 0.86 

400 20 0.25 aMCI 1.05 1.48 2.16 1.98 0.76 

400 20 0.25 Aβ 1.39 1.83 2.15 1.94 0.79 

400 20 0.25 t-tau/Aβ 1.46 1.90 2.15 1.94 0.77 

400 20 0.35 aMCI 0.91 1.48 2.24 1.98 0.93 

400 20 0.35 Aβ 1.22 1.83 2.23 1.95 0.95 

400 20 0.35 t-tau/Aβ 1.30 1.90 2.23 1.93 0.95 

400 40 0.25 aMCI 1.05 1.48 2.16 1.98 0.68 

400 40 0.25 Aβ 1.39 1.83 2.16 1.93 0.67 

400 40 0.25 t-tau/Aβ 1.46 1.91 2.15 1.94 0.72 

400 40 0.35 aMCI 0.91 1.48 2.23 1.99 0.88 

400 40 0.35 Aβ 1.22 1.83 2.23 1.94 0.89 

400 40 0.35 t-tau/Aβ 1.29 1.91 2.23 1.93 0.91 

To ensure an approximate power of  80% to 90% f or the mixed model analysis, simulations show that f or small ef f ects of  0.25, s omewhat more than 400 

patients per group are needed with a dropout rate of  20%, and f or medium size ef f ects of  0.45, somewhat less than 200 per group are needed with a 

dropout rate of  20%. Requiring low amyloid-β1-42 biomarker (“Aβ”) or high t-tau/Aβ1-42 (“t-tau/Aβ”) as selection criteria resulted in very small increases in 

statistical power.  Gain in power was less prominent as total power increased.  Simulation parameters included =0.05, ef f ect sizes of  0.15 to 0.75 with 

Chi-squared random errors, and 20% to 40% dropouts analyzed with mixed model analysis f or participants with missing data.  



MCI CSF Aβ42 positives (--) and negatives (--)  

ADAS-cog 

CDR-sb 



‘MCI due to AD’ Results Summary 

• 70-74% of aMCI patients were Aβ42 biomarker positive  

• Patients show little mean change but considerable 

heterogeneity in course 

• Power increased with increasing effect size, sample size, 

decreasing dropouts 

• Little difference in power across the 3 inclusion criteria 

• Requiring biomarker criteria typically resulted in 2-5% 

increase in power, 7% in a few scenarios 

• Greater mean differences between placebo and 

treatment with biomarker criteria  (for ADAS-cog) 

• BUT there are greater increases in SDs that reduced the 

effect sizes  



Simulations Based on ApoE Genotype 



ADCS Studies Used 

Study, dates Design Intervention N Duration (mos) 

Selegiline, vit E, 

1993-1996 

severe AD Vitamin E, 

selegiline 

341 24 

Prednisone 1995-

1998 

mild to mod AD Prednisone 138 16 

CE 1995-1999 mild to mod AD Conjugated 

estrogens 

120 15 

MIS 1999-2004 MCI Donepezil, vit E 769 36 

Simvastatin (LL) 

2003-2008 

mild to mod AD Simvastatin 406 18 

Vitamins B (HC) 

2003-2007 

mild to mod AD B vitamins 409 18 

DHA 2006-2009 mild to mod AD DHA 402 18 

ADNI 2005-2010 Observational, 

mild AD, MCI 

None 800 36 (AD) 

48 (MCI) 

 

 



Clinical characteristics among AD and MCI 

participants by ApoE4 carrier status 

Mild to Moderate AD Overall 

                         E4-         E4+         P-value   

                       N (N=545)     (N=873)               

Age, yrs 1368 75.8 ( 9.5) 74.7 ( 7.7)  <0.001 

Educ, yrs 1374 14.2 ( 3.3) 14.2 ( 2.9)     0.9   

Hispanic 1374   31 ( 6%)    32 ( 4%)     0.077 

Married 1411  367 (67%)  654 (75%)     0.001 

White   1374  482 (91%)  769 (91%)     0.85      

Female 1374  303 (57%)  451 (53%)      0.19  

ADAS-Cog   

Baseline 1392 22.3 ( 9.2) 22.2 ( 8.7)     0.82  

6 mo 1252 23.7 (10.1) 24.3 ( 9.9)    0.18  

12 mo 1129   25 (11)     27 (11)      0.19  

18 mo 793   27 (12)     29 (12)      0.042  

24 mo 133 26.4 ( 9.9) 28.8(12.6)     0.57  

 
 

 

MCI Overall 

    E4- E4+ P-value 

  N (N=544) (N=648)   

Age, yrs 1134 73.4 (8.2) 72.9 (6.6) 0.054  

Educ., yrs 1134 15.0 (3.2) 15.0 (3.1) 0.73  

Hispanic      1134   27 (5%)  15 (2%)  0.013  

Married      1182  394 (73%)  525 (82%)  <0.001 

White  1134    468 (91%)  580 (94%)  0.046 

Female 1134  206 (40%)  271 (44%)  0.18  

ADAS-Cog  

Baseline  402 10.4 (4.2) 12.1 (4.4) <0.001 

6 mo 1038 10.2 (5.2) 12.2 (5.2) <0.001 

12 mo  972 10.6 (5.6) 13.0 (5.9) <0.001 

18 mo  872 10.8 (5.8) 14.0 (7.0) <0.001 

24 mo  814 10.7 (6.5) 14.7 (7.3) <0.001 



Power for ADAS-cog outcomes in 24 

month AD trials 

 



Power for ADAS-cog outcomes in 24 

month MCI trials 

 



Power for ADAS-cog Outcomes in  

18-month AD Trials 
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Power for ADAS-cog Outcomes in  

24-month MCI Trials 
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Conclusions and Discussion 



Discussion 1 

• An experimental evaluation of expert-proposed targeted trials designs and 

Aβ42 or APOE as a diagnostic or predictive biomarker 

• Results provide empirical estimations of the distribution and accuracy of 
outcomes and potential biases when selecting patients for future trials 

• Requiring positive biomarkers, whether Aβ or APOE, may select from the 

extremes of the distribution 

• Increased within-group variability may offset any increase in mean 
differences 

• It is unknown if low CSF Aβ42 patients or APOE ε4 non-carriers would be 

more likely to respond to an experimental drug or if an effect could be 
detected more readily 

• The opposite could be true:  

• Targeted design trials that select only low Aβ42 patients or APOE ε4 non-

carriers may inadvertently select those who are less likely to benefit 

• Use of current biomarkers after a MCI due to AD diagnosis may not achieve 
the goal of identifying AD patients early enough in their illness course to 

detect an effect for a disease-modifying drug 



Discussion 2 

• Targeted clinical trials designs 

• The efficiency of a targeted design 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 

• The proposed treatment must be substantially more effective in the 

biomarker positive patients than in the excluded biomarker negative group  

• Power/ sample size analyses 

• Use summary statistics and assume they capture the heterogeneity among 

the trial participants   

• BUT!  heterogeneity in the pattern of outcomes may be unrecognized using 
summary statistics 

• Could explain why we observed no significant increase in power while 

others calculated greater power for the same sample sizes 

• Heterogeneity resulting from the simulations’ sampling process better 
anticipates the heterogeneity that would be observed in a future trial  
 

 

 



Limitations 

• ADNI datasets are not randomized trials  

• Most ADCS data sets are randomized with no drug-placebo 

differences 

– Some datasets from the 1990’s 

• Results depend on the extent that ADNI and the ADCS trials 

represent current clinical trials samples 

• Substantial majority of MCI and AD patients already had low Aβ42 

and high t-tau/ Aβ42 and are APOE ε4 carriers 

• Using other cutoffs for biomarkers, other selection criteria may give 

different results and provoke different considerations 

 



Conclusions 

• Selecting prodromal AD patients for a clinical 

trial based on CSF Aβ42 or APOE ε4 biomarker 

criteria will likely identify more severe patients 

but not enhance statistical power 

• Absent a strong rationale to do otherwise it may 

be more relevant to not require current 

biomarkers for trials entry in this setting and to 

restrict their use as explanatory or stratification 

variables when there are reasons to do so 

• Simulations provide a reasonable way to 

manage design considerations in clinical trials, 

better than expert opinion, conventional wisdom  



END 


