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Introduction 16 

On 20 March 2013 the Applicant Critical Path Global Ltd. requested qualification opinion for the 17 
proposed Disease Progression and Trial Evaluation Model. 18 

The context of use: “The proposed Disease Progression and Trial Evaluation Model, as defined in this 19 
document, is suitable for qualification for use in Drug development as a longitudinal model for 20 
describing changes in cognition in patients with mild and moderate AD, and for use in trial designs in 21 
mild and moderate AD.” 22 

Dr David Brown was appointed as coordinator. The Qualification Team comprised of: Dr Susan Morgan 23 
Mr Rob Hemmings, Dr Ferran Torres, Dr Bertil Jonsson, Dr Monique Wakelkamp, Dr Valentina Mantua, 24 
Prof Luca Pani. The Patient representative for the procedure was Mr Jean Georges. The EMA Scientific 25 
Administrator for the procedure was Dr Maria Isaac. 26 

The procedure started during the SAWP meeting held on 02 – 04 April 2013. 27 

The Qualification Team meeting took place on 07 May 2013. The discussion meeting with the Applicant 28 
took place on 04 June 2013. 29 

During its meeting held on 03 – 06 June 2013, the SAWP agreed on the opinion to be given to the 30 
Applicant. During its meeting held on 24 – 27 June 2013, the CHMP adopted the opinion to be given to 31 
the Applicant.  32 

The work described in this submission is intended to produce a tool that provides a common 33 
quantitative basis for the evaluation of study design and analysis methodologies for clinical studies in 34 
the mild and moderate AD population, with cognition as a primary endpoint. To this end, the CAMD 35 
effort described here has focused on assessing the progression of the disease as measured by the 36 
ADAS-Cog, the most common primary outcome for cognition in this population. 37 

Intended context of use & scope 38 

The context of use 39 
“The proposed disease progression and trial evaluation model, as defined in this document, is suitable 40 
for qualification for use in drug development as a longitudinal model for describing changes in 41 
cognition in patients with mild and moderate AD, and for use in assisting in trial designs in mild and 42 
moderate AD.” 43 
The intended scope and use for the drug development tool presented in this application are as follows: 44 

General area: the goal is for this tool to serve as a resource for sponsors designing trials across the 45 
Alzheimer’s community. It is intended that sponsors will utilize this simulation tool to provide a 46 
quantitative rationale for selection of study design and inclusion criteria. This tool could also be utilized 47 
by sponsors and health authorities for comparison of post-hoc analysis results to historical controls 48 
(priors) to minimize false positives. 49 

Target population for use: mild and moderate dementia of the Alzheimer’s type. 50 

Intended trial endpoint for use: ADAS-Cog, in trials intended for mild and moderate AD, for study 51 
durations of up to two years. 52 
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Stage of drug development for use: all clinical stages of AD drug development, including proof of 53 
concept, dose-ranging and confirmatory trial designs, and encompassing various types of treatment 54 
mechanisms (symptomatic and disease modifying). 55 

Intended applications: potential applications of this tool are an aid for: alternative method for sample 56 
size calculations determination of optimal trial durations and measurement times comparison of the 57 
sensitivity of competing trial designs to assumptions about the types of expected treatment effects 58 
(time to maximal effect, effects that increase or decrease over time), impact of inclusion 59 
criteria/disease severity on treatment effect and required trial length determination of the most 60 
appropriate data analytic methods for novel trial designs. The model may also be suitable as an 61 
informed prior for critical evaluation of retrospective or post-hoc analyses, to minimize the likelihood of 62 
false positives. 63 

Scope of availability: it is intended that all materials that inform how to use this tool including 64 
supporting data (datasets used for model development), training tools and other materials will be 65 
made freely available and housed in an appropriate repository. 66 

Background information as submitted by the applicanti (summarised) 67 

A letter of intent was sent to the EMA on February 10th, 2010, requesting scientific advice. Following 68 
telephone and in person advice with EMA, a briefing package was subsequently forwarded to the EMA 69 
containing specific questions for advice and an updated analysis plan, and a meeting was scheduled for 70 
September 1st, 2010. A written response and clarification questions were issued by the EMA to CAMD 71 
on August 23rd, 2010. CAMD provided written responses to the EMA on August 30th, 2010. 72 

The scientific advice meeting was held with the SAWP on September 1st, 2010. The qualification advice 73 
in written by the CHMP was on January 19Th, 2011. The discussion focused on the specific questions 74 
that had been supplied by CAMD and those clarifying questions that had been supplied by the EMA. 75 
Specific concerns raised by the EMA were primarily ensuring that sufficient types of data informed the 76 
model, and that appropriate external validation be completed to ensure that the model adequately 77 
described the data. EMA also explained the need for the subsequent submission to take the form of 78 
specific issues and questions. In general, the EMA was very supportive of the approach. 79 

A complete submission dossier was submitted to EMA on March 20th, 2013. This was followed by a 80 
teleconference between the CAMD team and the SAWP on May 7th, 2013. During this meeting, the 81 
proposed context of use was presented; the major components of the model were discussed (disease 82 
progression, drug effects, placebo effect and drop out functions) along with the relevant covariates for 83 
each of these; the internal and external validation results were shared; and an example on the 84 
application of the model was explained. Final meeting minutes were sent to EMA on May 10, 2013 85 
(CAMD meeting minutes, dated May 10, 2013). EMA additional questions were received on May 17, 86 
2013. 87 

A face-to-face meeting was held with SAWP on June 4th, 2013. The discussion focused on answering 88 
the twelve questions that EMA sent following the May 7th, 2013 teleconference. Final meeting minutes 89 
were issued on June 10th, 2013 (Section 4.9. CAMD meeting minutes, dated June 10, 2013). 90 
Specific questions for EMA review 91 
CAMD believes that adequate data and analyses are presented to justify a regulatory decision on 92 
qualification of this tool. CAMD believes the questions below are the core questions that need to be 93 
addressed in order to ascertain the suitability of the model for qualification. CAMD requests responses 94 
on the specific questions pertaining to the submitted longitudinal model describing changes in cognition 95 
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in patients with mild and moderate AD. The purpose of the model is for use in clinical trial simulations 96 
of various designs using ADAS-Cog in the mild and moderate AD population, to allow for trial 97 
optimization, and to provide a quantitatively-informed background from which sponsors can work when 98 
designing implementing, and evaluating trials for individual compounds. 99 

1) DATA. Does the Agency agree that 100 

a) The endpoint selected (ADAS-Cog) is suitable for describing cognitive changes in mild and moderate 101 
AD? 102 

b) The data being used (literature, ADNI, and CAMD database) are sufficient to describe longitudinal 103 
changes in ADAS-Cog in patients with mild and moderate AD? 104 

2) MODEL. Dose the agency agree that 105 

a) The proposed model provides an adequate quantitative longitudinal description of the progression of 106 
cognitive changes in mild and moderate AD for data from various sources? Specifically, 107 

i) Changes in disease progression based on baseline severity have been adequately described? 108 

ii) Changes in disease progression due to other patient factors (ApoE4 status, gender, age) have been 109 
adequately assessed in model development? 110 

iii) Time dependent changes in variance have been adequately described? 111 

iv) The placebo effect described by the model is consistent with current clinical opinions? 112 

v) Symptomatic agent effects described by the model for acetylcholinesterase (AChE) inhibitors are 113 
consistent with current clinical opinions? 114 

vi) The predictive checks and external validation are sufficient for use for trial simulation purposes? 115 

3) SIMULATION. Does the Agency agree that 116 

a) A simulation approach based on a quantitative model is an adequate strategy for the purpose of 117 
comparing clinical trial designs with cognition as a primary endpoint in mild and moderate AD? 118 

b) The example simulations provided in the submission are sufficient to demonstrate the utility and use 119 
of this model as a drug disease trial (DDT)? 120 

4) Does the Agency agree that this DDT, as defined in this document, is suitable for qualification for 121 
use in drug development as a longitudinal model for describing changes in cognition in patients with 122 
mild and moderate AD, and for use in assisting in trial design in mild and moderate AD, as defined by 123 
the context of use? 124 

Background and rationale for use of an ADAS-Cog model in AD as a disease 125 
progression and trial evaluation model   126 

ADAS-Cog scale 127 
The Alzheimer’s Disease Assessment Scale was designed to measure the severity of the most 128 
important symptoms of Alzheimer's disease (AD) (Mohs et al., 1983). Its subscale, ADAS-Cog, is the 129 
de facto standard primary outcome neuropsychological measure for AD trials (Rosen et al., 1984). It 130 
consists of 11 tasks measuring the disturbances of memory, language, praxis, attention and other 131 
cognitive abilities which are often referred to as the core symptoms of AD. It has been extensively 132 
validated in English as well as numerous other languages. 133 
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ADAS-Cog scores range from 0 to 70, with higher scores indicating greater cognitive impairment. 134 
Elderly normal adults may score as low as 0 or 1, but it is not unusual for nondemented adults to score 135 
slightly higher. It has been, and is routinely used in global clinical trials of patients with mild and 136 
moderate AD. 137 

The ADAS-Cog has been the primary cognitive endpoint used for US approvals for all past and 138 
currently marketed compounds labeled for the treatment of mild and moderate AD including tacrine, 139 
rivastigmine, galantamine, and donepezil. (Note that clinical trials that evaluated memantine, which is 140 
indicated for moderate to severe AD, utilized the severe impairment battery [SIB]). 141 

To our knowledge, the ADAS-Cog is the agreed primary cognitive endpoint for all recent global phase II 142 
and phase III drug development programs in patients with mild and moderate AD.  143 
Disease progression and trial evaluation models 144 
In designing a clinical trial, the interested parties gather information from a multitude of sources. They 145 
may use past and recent literature to inform them about expected treatment effects and current study 146 
designs in use. They may have patient-level data in their organization that informs them about 147 
expected intra subject, inter subject variability, and inter occasion variability. They often have past 148 
clinical trial experiences that they draw from (which varies between individuals). The team designing a 149 
clinical trial will attempt to implicitly integrate all of this information to form conclusions about what 150 
design is likely to be best for the stage of development and the compound in question. 151 

A model based-trial simulation does exactly the same thing. The only difference is that the data being 152 
used, the model and its assumptions, as well as the scenarios to be tested to determine optimal design 153 
are all explicitly defined. 154 

Alzheimer’s disease modeling for use as a disease progression and trial evaluation model 155 
Assumptions about disease progression and the time-variant effects of placebo and existing drug 156 
treatments for AD form the basis for various decisions made in AD drug development, including 157 
decisions relating to trial design and analysis. While ad hoc synthesis of estimates from a small number 158 
of trials can, in some cases, form sufficient evidence base for such assumptions, it is generally a more 159 
informative and objective approach to concisely summarize all available and relevant data with the aid 160 
of a meta-analytic model. Such a meta-analytic synthesis is particularly relevant in Alzheimer’s 161 
disease, where extensive historical data are available. Moreover, models may be used to interpolate 162 
expected results and to simulate data under conditions that have not been previously studied, e.g. 163 
when sampling at different time points or when enrolling patients with a different set of covariates. 164 
Clinical trial simulations in AD 165 
Clinical trial simulation is a means of estimating relevant operating characteristics for essentially any 166 
clinical trial design under any hypothesized parameter configuration for the “true” effects of a drug. It 167 
may be used to assess how different trial design and drug factors affect trial performance. These 168 
factors may be controllable trial design properties, such as the doses studied, the sampling times, the 169 
optimal study duration and sampling times, and use of washouts (Hennig et al., 2009) or 170 
uncontrollable factors, such as the drug characteristics (pharmacokinetic or pharmacodynamics) 171 
(Lockwood et al., 2006). Other influencing factors may include the progression of disease over time or 172 
subject specific characteristics that may be related to disease progression or treatment response. 173 

In some cases, simulation may not be needed to assess certain operating characteristics (such as 174 
power) where conventional analytic approximations are available. However, these analytical 175 
approximations are not available for all trial designs of interest or all model assumptions of interest, 176 
and even in these cases, a simulation-based assessment may be more accurate (assuming a sufficient 177 
number of simulations are used). Provided there are specific decision rules for determining that a 178 
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particular trial was positive, or for judging an estimate to be sufficiently accurate, clinical trial 179 
simulation can also provide a rational basis for making decisions about the trial design and quantitating 180 
how effectively the design can answer the study objectives (Bonate, 2000; Holford et al., 2000). 181 
Clinical trial simulation can be viewed as an extension of conventional statistical design evaluation. 182 
Data derived models are utilized based on the relationship between dose, exposure, the time course of 183 
disease progression, placebo effect, and the outcome measure, providing an alternative approach to 184 
that described in the statistics literature (Putt and Ravina, 2002). 185 
Summary of disease progression models for ADAS-Cog to date 186 
Historical AD models 187 
Various disease progression models for clinical outcomes in AD have been published (Holford and 188 
Peace, 1992; Chan and Holford, 2001) and the methods have been well described (Mould et al., 2007). 189 
Past work has focused on ADAS-Cog, which is the primary endpoint for cognition in nearly all clinical 190 
trials in mild and moderate AD. While the general model building principles and model structure 191 
provided similar results and interpretations, the studies upon which these models were based were of 192 
short duration, as little as 12 weeks, and did not contain newer key data such genotype information, 193 
now shown to be an important covariate in understanding the rate of progression of AD and the rate of 194 
cognitive decline in AD patients (Atchison et al., 2007). In addition, these models lacked certain 195 
structural features that would improve their use for clinical trial simulation, such as constraining the 196 
limits of the ADAS-Cog (zero to seventy), and allowing for variance components to change over time 197 
(an essential feature if the model is to be used for clinical trial simulation of disease progression for 198 
AD). 199 
Model based AD meta-analyses 200 
More recently, Ito et al (Ito et al., 2010) applied a model-based meta-analysis to summary level data 201 
available in the literature, to quantify the dependence of rates of progression on baseline ADAS-Cog 202 
scores. In this analysis, a systematic literature review from 1990 to 2008 for all available AChE 203 
inhibitor studies, as well as clinical studies that evaluated the rate of deterioration in AD patients was 204 
conducted. From 52 trials, which represent approximately 19,992 patients and more than 84,000 205 
individual observations, a total of 576 mean ADAScog change–from-baseline data points were 206 
collected. Based on the data available from these articles, a model was developed to describe the 207 
longitudinal response in ADAS-Cog (change from baseline) in mild-to-moderate severity AD patients. 208 
The model described the rate of disease progression, the placebo effect observed, and the 209 
symptomatic effect of AChE inhibitors. Baseline ADAS-Cog, mini-mental state examination (MMSE), 210 
age and publication year were tested as covariates. 211 

Ito’s model reports that disease progression in mild-to-moderate AD patients across all available and 212 
relevant literature sources was estimated at 5.5 ADAS-Cog units per year. An Emax-type model best 213 
described the symptomatic drug effect for AChE inhibitors. The rate of disease progression (underlying 214 
disease progression) was not different between placebo and AChE inhibitor treated groups. Ito’s model 215 
identified baseline ADAS-Cog as significant covariate on disease progression. Baseline age was also 216 
tested as a covariate on the rate of disease progression but the model was not able to describe any 217 
effect, likely due to the narrow distribution of mean age (literature-level analysis). There was no 218 
significant impact of publication year in the model. 219 

The literature based meta-analyses provided a useful and complete integration of the estimated 220 
natural history of AD and provided estimates of treatment effects for currently available AChE inhibitor 221 
therapies. However, due to the nature of the literature data in that it is only study-level summary 222 
data; the model had limited ability to evaluate important individual covariates, such as age and ApoE4 223 
genotype. Also, the meta-analysis model from the literature using study-level data neither provides 224 
inter-subject variability information nor includes components for variance increasing over time. 225 
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Ito ADNI model (2010) 226 
In 2010, Ito et al published a patient-level model-based meta-analysis to describe the longitudinal 227 
response in ADAS-Cog obtained from the Alzheimer’s disease neuroimaging initiative (ADNI) (Ito et al., 228 
2011). The model was fit to the longitudinal ADAS-Cog scores from 889 patients. Risk factors (age, 229 
ApoE4 genotype, sex, family history of AD, and years of education) and baseline severity were tested 230 
as covariates. Results indicated that rate of disease progression increased with baseline severity. Age, 231 
ApoE4 genotype, and sex were identified as potential covariates influencing disease progression. The 232 
rate of disease progression as described by the ADAS-Cog in mild-to-moderate AD patients was 233 
estimated at approximately 5.5 ADAS-Cog units/year, similar to that reported using literature based 234 
analyses. 235 

The authors concluded that a linear disease progression model adequately described the natural 236 
decline of ADAS-Cog observed in ADNI over 2-3 years within the individual patients. Baseline severity, 237 
which is incorporated into the model to explain the non-linearity of the disease progression, is an 238 
important covariate to predict a curvilinear rate of disease progression in normal elderly, mild cognitive 239 
impairment (MCI) and patients with Alzheimer’s dementia. Age, ApoE4 genotype, and sex also 240 
influenced the rate of disease progression. 241 
Faltaos model 242 
In April 2011, Faltaos et al presented ”Quantification of disease progression and drop-out for 243 
Alzheimer's disease” at the American conference on pharmacometrics (ACoP) as a poster and podium 244 
presentation in San Diego, CA (William-Faltaos et al., 2013). This work was supported through a 245 
fellowship within FDA, and funded by the American association of pharmaceutical scientists (AAPS). 246 
The research project aimed to quantitatively describe the natural progression of Alzheimer’s disease 247 
(AD) based on the ADAS-Cog in patients with mild-to-moderate AD using prior trial data. Data from 10 248 
placebo-controlled clinical trials including more than 2400 patients with mild and moderate AD with up 249 
to 72 weeks of treatment were used. Different models describing the time course of ADAS-Cog score 250 
were evaluated. Patient characteristics (age, gender, race) that could potentially affect the score 251 
changes were assessed, but none were identified (see below). In addition, patient drop-out patterns 252 
were characterized using parametric survival models. Covariate selection was further performed to 253 
identify the risk factors associated with a higher drop-out rate. 254 

The time course of the ADAS-Cog in patients with mild and moderate AD receiving placebo was best 255 
described by a log linear model, where the intercept represents the log-transformed ADAS-Cog score 256 
at week 10, and the slope is the disease progression (i.e., natural increase of ADAS score) on the log 257 
scale. 258 

Covariates influencing the intercept were baseline ADAS-Cog score and baseline MMSE. No covariates 259 
influenced the disease progression slope. A parametric log-normal model fitted the dropout data best. 260 
Baseline ADAS-Cog and age were found to be significant predictors for dropout. 261 
Samtani ADNI model 262 
In April 2011, Samtani et al presented “An improved model for disease progression in subjects from 263 
Alzheimer’s disease neuroimaging initiative” at the American conference on pharmacometrics (ACoP) 264 
meeting in San Diego, CA. The complete work is now available as a publication from the Journal of 265 
clinical pharmacology (Samtani et al., 2012). The objective of this analysis was to develop a semi-266 
mechanistic non-linear disease progression model using an expanded set of covariates that captures 267 
the longitudinal change of ADAS-Cog scores from the ADNI study that consisted of 191 patients with 268 
mild AD who were followed for two years. The model described the rate of progression and baseline 269 
disease severity as a function of influential covariates. The covariates that were tested fell into 4 270 
categories: a) imaging volumetric measures; b) serum biomarkers; c) demographic and genetic 271 
factors; d) baseline cognitive tests. 272 
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Covariates found to affect baseline disease status were years since disease onset, hippocampal volume 273 
and ventricular volume. Disease progression rate in the model was influenced by age, total serum 274 
cholesterol, ApoE4 genotype, trail making test (part B) score, as well as current levels of cognitive 275 
impairment as measured by ADAS-Cog. Rate of progression was slower for patients with mild and 276 
severe AD compared with moderate AD. 277 
Conclusions from previous model based experiences 278 
The features of the models described above are compared in table 2. In general, all models developed 279 
to date to describe ADAS-Cog have utilized similar basic concepts of disease progression. That is, 280 
describing the ADAS-Cog at any given time as a function of the baseline score, and a progression of 281 
the disease as a function of time. Historical models described changes in AD as a linear progression. 282 
The Ito literature model identified that the severity of the disease itself influenced the slope, and thus 283 
the slope changed over time (introducing non-linearity). More recent models directly use non-linear 284 
relationships to describe the course of disease over time. 285 

The models described here have utilized a variety of data types including summary level data from 286 
literature sources, data directly from one or more of a related series of controlled clinical trials, or non-287 
interventional natural history studies. 288 

The models described in the literature also vary with respect to the component that would be required 289 
for a drug-disease-trial model. Of those described in table 2, none currently have all three components 290 
as described below: 291 

Disease-drug-trial models can be described as follows (Gobburu and Lesko, 2009): 292 

1. A disease model: Such models quantify the natural longitudinal progression of the outcome, 293 
the relationship of biomarkers to the clinical outcome, and the placebo effect observed within 294 
trials. 295 

2. A trial model: Such models incorporate components of what is known about the patient 296 
population (baseline disease severity, etc.), patient drop-out rate and factors impacting it, as 297 
well as patient therapeutic adherence. 298 

A drug model: Such models incorporate what is known about a compound’s effectiveness, the impact 299 
of patient characteristics on drug effect, and changes in drug effect(s) over time. 300 

A drug-disease-trial model that includes all these components would require underlying data that can 301 
inform each of the various trial components in the model. For example, natural history data to inform 302 
underlying disease progression, placebo arm data to inform about magnitude, onset and offset of 303 
placebo response in controlled clinical trials, estimates of various drug effects (magnitude, time to 304 
onset, and durability), rate and magnitude of drop-outs in the trials, and a rich source of covariates for 305 
model building. Unfortunately, no single trial can provide all of these elements. 306 
Table 2. Comparison of recent ADAS-Cog longitudinal models in the literature 307 

Model 
Drug Effect 
Component 

Trial 
Component 

Data Source Covariates Linearity 

Historical Yes Varied Individual 
studies 
(tacrine) 

Varied Linear 

Ito Literature Yes  
(symptomatic 
agents 
estimated) 

Placebo 
(onset and 
magnitude) 

All controlled 
studies in the 
literature 
1990-2008 

Baseline 
severity 

Linear (non-
linearity 
introduced by 
baseline 
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covariates)  
Ito ADNI No (NA) No (NA) ADNI 

(normal, MCI, 
mild AD) 

Baseline 
severity Age, 
ApoE4 
genotype, and 
sex 

Linear (non-
linearity 
introduced by 
baseline 
covarites) Fits 
normal MCI 
and mild AD 

Samtani ADNI No (NA) No (NA) ADNI 
Mild AD 

Disease onset, 
hippocampal 
volume, and 
ventricular 
volume, age, 
total 
cholesterol, 
APOe4 
genotype, trail 
making test 
(part B) score 

Nonlinear 
Fits mild AD 

Faltaos No Drop-out 
No Placebo 

 Covariate 
influencing the 
intercept were 
baseline 
ADAS-Cog 
score (did not 
use data prior 
to 4 months) 
and baseline 
MMSE score. 
No covariates 
influences the 
disease 
progression 
slope  

Nonlinear (log 
transform not 
suitable for 
whole range of 
ADAS-Cog 
scores of 0-
70).  

 308 
Methodology 309 
Given the success of previously published models in characterizing many aspects of the progression of 310 
ADAS-Cog values, CAMD’s intent was utilize key learnings from existing models and adapt them in a 311 
manner that would support a comprehensive meta-analysis and that would enable realistic clinical trial 312 
simulation. The present effort focused on issues of estimation, demonstration of model validity, and 313 
examples of application. A large number of features of previously published models were taken as 314 
starting points and were revisited only to the extent required to obtain satisfactory model diagnostics.  315 

These “adopted” features included: 316 

1. The use of a generalized logistic function to describe the natural progression of the disease on 317 
a constrained scale (Gillespie, 2009). 318 

2. The use of a Bateman-type function to describe the incremental placebo effect (Holford and 319 
Peace, 1992, Ito et al., 2010). 320 
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3. The use of Emax functions to describe the incremental effects of approved AChE inhibitors as a 321 
function of dose (Ito et al., 2010, Gillespie, 2009). 322 

4. The placement of candidate covariate effects in the model. Specifically, the use of baseline 323 
severity as a covariate on the model intercept, and the use of baseline severity, ApoE 324 
genotype, and baseline age as covariates on rate of progression (Ito et al., 2010, Samtani et 325 
al., 2012). 326 

5. The use of baseline age and baseline severity as covariates on the hazard of drop-out (William-327 
Faltaos et al., 2013). 328 

In addition, CAMD has incorporated a number of important innovations: 329 

1. A Bayesian implementation has been developed, allowing for a probabilistically correct 330 
synthesis of literature meta-data with patient-level data. This allows for a particularly 331 
comprehensive analysis, leveraging all available data. 332 

2. The logistic function for expected disease progression is used in conjunction with Beta-333 
distributed residuals (i.e. “beta regression”), resulting in a predictive distribution that falls 334 
entirely within the allowable range of ADAS-Cog scores (0–70) during simulation. The use of 335 
the logistic function is itself only sufficient to ensure that conditional expectations respect the 336 
0-70 constraints. However, when the generalized logistic function is used with normally 337 
distributed residuals, there is a positive probability of simulating results outside of the 338 
allowable range. The Beta-distribution eliminates this. 339 

3. The covariance structure is extended to include inter-study variation in intercepts and rates of 340 
progression (beyond the variation already reflected by measured study-level covariates). 341 

4. The covariance structure is extended to include inter-study heterogeneity in variance 342 
components. This allows the model to account for the likely scenario that studies differ in the 343 
quality of the methods and investigators (potentially resulting in residual distributions with 344 
different variances in different studies) and differ as well in the diversity of the enrolled patient 345 
populations (potentially resulting in different inter-subject variances in different studies). 346 

Modifications to planned analyses 347 
The analysis plan submitted to FDA and EMA as part of the briefing package had included an extensive 348 
matrix of simulations to compare trial designs for use in AD, and to provide information for various 349 
types of expected treatment effects.  350 
Data collection 351 
In this analysis, data from three sources was utilized to inform model development (figure 2). ADNI 352 
data provided a rich source for the natural history of disease progression in patients with mild AD, and 353 
the most complete source of imaging and biomarker data collected to date in any AD trial. The CAMD 354 
database provided a rich source for individual level control arm data in mild to moderate AD patients 355 
(both placebo and background therapy). The literature (which provides summary level data) provided 356 
data for the model to estimate symptomatic treatment effects for AChE inhibitors, long term disease 357 
progression in controlled mild to moderate AD trials, and inter study variability. 358 
Figure 2. Illustration of data sources used for model development in the submission 359 
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 360 
 361 
Literature data and selection criteria 362 
A full description of the literature selection criteria is included in the unabridged briefing package, 363 
submitted March 21, 2013.  364 

In summary, literature was searched and selected according to the approach suggested at the quality 365 
of reporting of meta-analysis (QUOROM) conference. A systematic search of public data sources 366 
(Medline, Embase, NICE and Summary for Basis of Approvals at FDA) from January 1990 to December 367 
2010 was conducted. Key search terms were: AChE inhibitor generic names (donepezil, galantamine, 368 
rivastigmine, tacrine, velnacrine), trial endpoints (ADAS-Cog, MMSE, CIBIC, etc.), and clinical trial 369 
design descriptions (double-blind, randomized, controlled etc.). 370 
ADNI data 371 
All ADNI data used in this submission were obtained from the Alzheimer’s disease neuroimaging 372 
initiative (ADNI) database (www.loni.ucla.edu\ADNI). 373 

The data used in these analyses are derived from the data available from ADNI June 1st, 2010 374 
(www.loni.ucla.edu\ADNI). 375 
CAMD database 376 
Consensus was reached on how best to share patient-level control arm data from CAMD member 377 
companies, in order to develop an AD precompetitive data repository. It was agreed the repository 378 
would align with the CDISC study data tabulation model (SDTM) industry data standard, since 379 
pharmaceutical companies will align with this in submissions to FDA, as the foundation for standardized 380 
clinical content. The focus for new standards was on the ADAS-Cog and MMSE in CDISC SDTM. 381 

The data standards and integration workgroup of CAMD worked with the modeling and simulation work 382 
group to better understand the needs for standard data elements to fulfill the model development 383 
effort. Existing standards set by the clinical data interchange standards consortium (CDISC) were 384 
used, and new ones were created wherever current standards did not yet exist. 385 
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Through periodic interactions, the group aligned the scales utilizing CDISC spreadsheet templates, in 386 
order to define the database table structure with the associated terminology. Each scale domain was 387 
reviewed by the CDISC submission data standards team. 388 

The next step involved the CAMD sponsors mapping their respective studies from their source 389 
database structure to the CDISC SDTM data domain. The mapping process involved each company 390 
progressing through a learning curve on the standards. Mapping of the legacy data to the new 391 
standards involved programming to restructure the source data to meet the SDTM domain structures 392 
and also include the SDTM approved terminology for data values. 393 

The effort took on average two months per sponsor to complete. 394 

CAMD chose Ephibian, an organization based in Tucson, AZ, as the database and user interface 395 
developer based on demonstrated experience. Open-source SDTM-based validation software was 396 
integrated in the system to automatically validate incoming data. Each validation report was reviewed 397 
for SDTM compliance and fitness for the database. Datasets were either approved to the production 398 
database, or sent back for corrections to the supplier. The group is currently in the process of 399 
transforming data from clinical studies from academic sources for future inclusion in the CAMD 400 
database as well. 401 

Table 5 describes the studies used for data analysis from the CAMD database, available at the time 402 
database development work was initiated in September of 2010. Studies included in the CAMD 403 
database after this time were not included in the model-development and evaluation process, and thus are 404 
not included in table 5. The studies included in the CAMD database consist of all control arm data from 405 
all member-sponsor AD trials in mild and moderate AD that were supplied to CAMD from these studies 406 
(both placebo and background therapy arms). Since CAMD focuses on sharing of pre-competitive 407 
information, drug treatment arms are not available in the database. 408 
Disease progression and drug effect model development (abridged) 409 
A full description of the model development is available in the unabridged edition submitted March 21, 410 
2013. A technical description of the model is also available as a peer reviewed journal article (Rogers 411 
et al., 2012b). 412 
Clinical trial simulations 413 
Several clinical trial simulations were run for illustrative purposes. These simulations are not intended 414 
to provide evidence toward any global preference of a particular design. On the contrary, the intent is 415 
to suggest how a development team might use the model and associated simulation tools to select 416 
designs that are tailored to particular assumptions about the magnitude, onset, and offset of drug 417 
effects. For this purpose, several hypothetical scenarios were envisioned: 418 

1. Symptomatic drug effect scenario. The drug properties assumed in this scenario are 419 
qualitatively similar to those of marketed AChE inhibitors, albeit with some modifications to 420 
make the interpretation of the example more straightforward. The onset of effect is assumed 421 
to have an Emax functional form with a mean (placebo-adjusted) effect of 2.275 point change 422 
in ADAS-Cog at 24 weeks, an ET50 of 1 week, and a half-life for offset of effect (after 423 
discontinuation of treatment) of 1 week. The candidate designs considered in this example 424 
were: 425 

a. A parallel design (75 patients per arm) with 12 week treatment duration, assessments 426 
at weeks 0, 1, 3, 6, 9, and 12. The envisioned primary analysis is based on a linear 427 
mixed effects model with random subject effect and fixed effects for baseline ADAS-428 
Cog, visit (nominal scale), treatment, and visit by treatment interaction, with the 429 
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treatment comparison formulated as the expected difference at week 12 (using 430 
interaction contrasts). 431 

b. A cross-over design (30 patients per arm) with two 6 week treatment durations and a 432 
3 week washout period in between. Assessments within each treatment period were 433 
envisioned at weeks 0, 1, 3, and 6. The assumed primary analysis is based on a linear 434 
mixed effects model with random subject effect and fixed effects for baseline MMSE 435 
stratum, period, sequence, treatment, relative week (within period, nominal), period 436 
by relative week, and treatment by relative week. Treatment comparison was 437 
formulated as the expected difference at (relative) week 6 (using interaction 438 
contrasts). 439 

For compounds where pre-clinical data suggests that only a symptomatic effect is likely to be 440 
observed, the key objective in early studies in patients is to determine whether the proposed 441 
mechanism translates into meaningful changes in a clinical outcome, as rapidly as possible. Often in 442 
early development, duration of toxicology exposure, and concerns for patient safety push teams to 443 
explore short, rapid proof of concept (POC) designs. Therefore, exploring the optimal POC studies is of 444 
interest. 445 

The example will provide an average simulated trial for 6 week cross-over design and 12 week parallel 446 
design, respectively under a symptomatic drug scenario. Under these assumptions used for this 447 
simulation, treatment effect (difference between placebo and treatment) at the end of each 6 week 448 
period was independent of treatment period in the cross-over design. In this context, a cross-over 449 
design has the potential to reduce the sample size while maintaining appropriate power to demonstrate 450 
the drug benefit. 451 

In order to have a fixed point of comparison in the evaluation of both designs, the “true effect” of the 452 
drug was formulated as the 2.275 point difference at 24 weeks. This corresponds to a common 453 
scenario in early phases of drug development in which the estimand of interest is an effect at a time 454 
point later than any of the time points studied. From this perspective, some bias is expected with both 455 
designs, since the full drug effect is not attained over the duration of the study. 456 

2. Disease modifying drug effect scenarios. Hypothetical drug effects were expressed as 457 
proportional reductions in expected progression rates. Based on the feasibility to detect a 458 
potential effect, the proportional reductions considered were 5%, 10%, 20%, 30%, 40%, and 459 
50%. The candidate designs considered in these scenarios were: 460 

a. A parallel design with 78 week treatment duration and assessments at weeks 0, 26, 461 
52, and 78. The assumed primary analysis used a multivariate model for repeated 462 
measures (MMRM) approach with unstructured covariance matrix and fixed effects for 463 
baseline ADAS-Cog, treatment, visit (nominal), and treatment by visit interaction. 464 
Treatment comparison was formulated as the expected difference at week 78 (using 465 
interaction contrasts). 466 

b. A delayed-start design (D’Agostino 2009, Olanow et al., 2009). This design employs a 467 
placebo-control phase (phase 1), and an active control phase (phase 2). The patients 468 
who receive placebo in the placebo control phase and study drug in the active control 469 
phase are referred to as the delayed-start group. The patients who receive study drug 470 
in both phases are referred to as the early-start group. Fifty-two week and 39 week 471 
duration was selected for phase 1 and phase 2, respectively with the final 26 weeks 472 
being used to assess stability of effect (in the notation of (D’Agostino 2009) T2 = 52, 473 
T3 = 65, T4 = 91, and T1 is not relevant for our purposes because our envisioned 474 
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primary analysis does not invoke slopes or assume linearity with respect to time). 475 
Assessments were assumed at weeks 0, 26, 52, 65, 78, and 91. A schematic for this 476 
design is provided in figure 3. 477 

Figure 3. Schematic of delayed start design for a disease modifying agent 478 

 479 
The envisioned primary analysis would test the three research hypotheses associated with delayed 480 
start designs. 481 

1. Test for difference in ADAS-Cog change from baseline between the placebo and study drug 482 
group at end of phase 1 (52 week). 483 

2. Test for difference in ADAS-Cog change from baseline between early and delayed-start groups 484 
at end of phase 2 (91 week). 485 

3. Test for evidence for the stability of the treatment difference, which may be assessed by 486 
comparing the change from week 65 to week 91 for early versus delayed start groups. 487 

The formulation of any of these three hypotheses in terms of slopes is confounded given that the 488 
present model implies non-linearity of the time courses. Consequently, CAMD envisions the sponsor 489 
testing all three hypotheses using interaction contrasts rather than slopes, using the same MMRM 490 
model as described for the 78 week parallel design described before. Since there is no consensus 491 
regarding an appropriate equivalence margin for testing the stability of effect (whether formulated as a 492 
slope or an interaction contrast), the typical values for a 90% confidence interval are reported that 493 
could be used in an equivalence test. 494 

For each design 10,000 trials were simulated in order to estimate operating characteristics. Each 495 
simulation iteration proceeded as follows: 496 

1. Baseline MMSE entry criteria were specified and baseline MMSE values were generated 497 
uniformly within this range. 498 

2. Baseline age values, ApoE4 genotype values, and gender values were simulated from the 499 
posterior (according the joint distribution for these covariates implied by the model). 500 

3. Block randomization was used to assign each simulated patient to either treatment or placebo. 501 
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4. Longitudinal data was simulated for each patient using the model posterior in conjunction with 502 
the simulated covariate values and the treatment assignment for each patient. Each simulated 503 
study involved a separate draw form the distribution of random study effects. Drop-out times 504 
were simulated for each patient according to the dropout model posterior. Response values for 505 
visits occurring after the time of dropout were set to missing (for the majority of patients 506 
whose dropout time exceeded the trial duration, no values were set to missing). 507 

5. A significance level of 0.05 (two tailed) was used to test the hypotheses. For each single 508 
simulated trial, a binary indicator of technical success (rejection of at least one null hypothesis) 509 
was captured in the simulation output. The proportion of simulated trials achieving technical 510 
success was then taken as the estimate of the statistical power of the trial design. 511 

Results 512 
Demographics 513 
Literature data 514 
Data from 73 studies were collected from the literature (Ref 36-106, derived from abridged version 515 
dated March 2013), representing 27,895 patients, of which 17,235 patients were in arms used in the 516 
analysis (data from control arms other than donepezil, rivastigmine, and galantamine were not 517 
included). A brief summary of the characteristics of the trials collected in the literature database are 518 
also available in the unabridged version of this document. A full pdf version of each original article is 519 
also available on request.  520 

Changes in the control arm data demonstrate a “hockey stick” shape, typical in most AD trials (figure 4 521 
and figure 5). Following an initial control arm improvement, patients return to a normal progression of 522 
disease, which over the course of one to two years, often appears linear, as evidenced by the linearity 523 
of the locally weighted scatterplot smooth (loess). Drug treatment arms appear to offset the normal 524 
control arm data, but then return to the normal progression, maintaining an offset. 525 

The relationship between baseline MMSE and ADAS-Cog obtained from the literature (figure 6, upper 526 
left panel) form CAMD studies (figure 11) and from ADNI (figure 14) appear similar. 527 

528 
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Figure 4. Observed mean ADAS-Cog change from baseline over time by compound 529 

 530 
Source: ePharm artifact ID number 4925437 531 
Loess line is in red. 532 
 533 
Figure 5. Observed mean ADAS-Cog change from baseline over time by compound over 78 weeks 534 

 535 
Source: ePharm artifact ID number 4925801 (Loess line is in red) 536 
 537 
 538 
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Figure 6. Observed mean ADAS-Cog change from baseline vs. Literature characteristics 539 

 540 
Source: ePharm artifact ID number 528415 541 
 542 
Patient level data 543 
CAMD database 544 
Basic demographics data were similar across the studies in the CAMD database (table 5). Mean 545 
baseline MMSE scores ranged from 19.4 to 21.2 across the studies, with mean age ranging from 72.4 546 
to 75.0 years. ApoE4 status (% e4 carriers, defined as patients with one or two copies of the e4 allele) 547 
was also similar for those studies where this information was available. 548 

ADAS-Cog scores and change from baseline ADAS-Cog scores are plotted by study (figure 7 and figure 549 
8 respectively). ADAS-Cog scores and change from baseline ADAS-Cog scores are also plotted by 550 
baseline severity (figure 9 and figure 10 respectively). As can be seen, there is an apparent increase in 551 
the rate of disease progression as severity increases, as evidenced by the smooth lines fit to the data 552 
in these plots. 553 

The relationship between baseline MMSE and ADAS-Cog obtained from the literature (figure 6) from 554 
CAMD studies (figure 11) and from ADNI (figure 13) appears similar. 555 

While the majority of patients in the CAMD database represent North America and Western Europe, all 556 
global major regions, including Asia, South Africa, and Latin America, are represented in the database 557 
(figure 12). 558 

559 
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Table 5. Studies included in the CAMD database for model development work 560 

 561 
*APOE e4 carriers include patients with one or two copies of e4 allele at the APOE locus 562 
(): standard deviation for age, bMMSE and bADAS-Cog, and range for year since diagnosis 563 
 564 
Figure 7. Observed ADAS-Cog scores over time by study in CAMD studies 565 

 566 
Loess line is in red. 567 
 568 
 569 
 570 
 571 
 572 
 573 
 574 
 575 
 576 
 577 
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Figure 8. Observed change from baseline ADAS-Cog scores over time by study in CAMD studies 578 

 579 
Loess line is in red. 580 
 581 
 582 
Figure 9. Observed ADAS-Cog scores over time by baseline severity in CAMD studies 583 

 584 
Loess line is in red. 585 
*N=2 for severe patient group 586 
 587 
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Figure 10. Observed change from baseline ADAS-Cog scores over time by baseline severity in CAMD 588 
studies. 589 

 590 
Loess line is in red. 591 
*N=2 for severe patient group 592 
 593 
Figure 11. Correlation of ADAS-Cog vs. MMSE in CAMD studies 594 

 595 
Loess line is in red. 596 
 597 

598 
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Figure 12. Number of patients by region in CAMD database 599 
 600 
 601 

 602 
 603 

 604 
ADNI database 605 
A complete description of the ADNI dataset available here is included, but only the AD patient data 606 
were used for the analysis. The dataset available contained 817 patients consisting of 229 normal (NL), 607 
402 MCI and 186 AD patients (table 6). Overall, the age distributions are similar among these 608 
populations. The proportion of females in the MCI group is slightly lower but similar between AD and 609 
normal, with the majority of patients classified as white. The distribution of ApoE4 (Ɛ3Ɛ4 and Ɛ4Ɛ4) 610 
carrier status was more frequent in AD patients. Observed longitudinal ADAS-Cog data are visualized 611 
in figure 13 (line: loess) and the linear relationship between baseline ADAS-Cog and baseline MMSE is 612 
presented in Figure 14 (line: loess). As expected, baseline MMSE scores and baseline ADAS-Cog are 613 
highly correlated (figure 14). Because of the number of superimposed data points at the same time 614 
point, visit values (month) in figure 13 and actual score (MMSE) in figure 14 were slightly jittered in 615 
the figures to aid visual interpretation. 616 

617 
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Table 6. ADNI demographic characteristics 618 

 619 
Figure 13. Longitudinal ADAS-Cog by patient population in ADNI study 620 

 621 
Loess line is in red. 622 

623 
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Figure 14. Correlation of baseline ADAS-Cog vs baseline MMSE in ADNI study 624 

 625 
Loess line is in red. 626 
 627 
Covariate model 628 
In this document, the term “covariate model” is used to refer to the components of the model that 629 
describe the distribution of covariate values. The effect of covariates on the response is not considered 630 
to be part of the covariate model and is described instead as a component of the complete data model. 631 
Convergence diagnostics 632 
Convergence diagnostics for both covariate distribution parameters and complete data model 633 
parameters are provided in appendix (abridged in this version) 3.3.2. 634 
Covariate model summary and evaluation 635 
The final model included baseline MMSE, baseline age, ApoE4 genotype, and gender as covariates. 636 
While the effects of baseline MMSE are included in the model, the distribution of baseline MMSE was 637 
not itself modeled because: 638 

Baseline MMSE was not missing from any records in the data set, so explicit modeling was not 639 
necessary for imputation purposes. 640 

Clinical trial design teams generally exert a greater degree of control over the distribution of baseline 641 
MMSE values in a trial (e.g. via stratification) than they do over other covariates, so the notion of a 642 
“natural distribution” of baseline MMSE values within a trial is conceptually problematic. 643 

Exploratory data analysis suggested that baseline MMSE was not correlated with age, gender, or ApoE4 644 
genotype. Thus, from a simulation perspective, it appeared to be satisfactory to generate baseline 645 
MMSE values independently of the other covariates. 646 

The joint distribution of baseline age, gender, and ApoE genotype is characterized in terms of both 647 
observed and model-predicted summaries of the joint distribution in table 7. 648 

649 
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Table 7. ApoE4, gender, and age imputations 650 

 651 
 652 
A potential dependence between age and ApoE4 genotype is plausible as a result of ascertainment 653 
bias: older homozygous carriers of ApoE4 may have been more likely to have advanced in the disease 654 
past the point where they could be enrolled consideration. Such a relationship is indeed suggested by 655 
both the observed and model predicted age distribution, although the predicted mean ages exhibited a 656 
greater dispersion both within and between genotypes than do the observed values. This discrepancy 657 
arises from the inferred covariate states for missing records. There were no missing records for gender 658 
in the individual level data, so for simplicity gender was considered independent of both ApoE4 and age 659 
for the covariate model. 660 
Dropout model 661 
Convergence diagnostics for dropout model 662 

Convergence diagnostic plots for dropout model parameters are provided in the appendix (abridged in 663 
this version) 3.3.2. 664 
Dropout model summary and evaluation 665 
The fitted dropout model exhibited a high degree of agreement with the observed dropout rates, as 666 
seen in figure 15 and figure 16. The model predicted dropout rates as a function of time, baseline age, 667 
and baseline MMSE are summarized in table 8. The model adequately captures the dropout rate both 668 
by baseline MMSE and by age in these two plots. 669 
 670 
Figure 15. Plot of probability (dropout) over time by baseline MMSE 671 

 672 
Solid line represents Kaplan-Meier (non-parametric) estimates based on observed data; dashed line 673 
represents model prediction; grey region represents 90% credible interval for model prediction. 674 

675 
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Figure 16. Plot of probability (dropout) over time by age 676 

 677 
Solid line represents Kaplan-Meier (non-parametric) estimates based on observed data; dashed line 678 
represents model prediction; grey region represents 90% credible interval for model prediction. 679 
 680 
Table 8. Model predicted dropout rates as a function of time, baseline age, and baseline MMSE 681 

 682 
 683 
Median indicates the posterior median (point estimate) for the drop-out rate, and LB and UB refer to 684 
the lower and upper bounds of the posterior credible interval. 685 
Complete data model 686 
Convergence diagnostics 687 
Convergence diagnostics for the complete data model are provided in appendix (abridged in this 688 
version) 3.3.2. 689 
Posterior predictive checks (internal validation) 690 
Figure 17 provides both the unconditional predictive checks by percentiles for studies that were 691 
included in the model building from the CAMD and ADNI datasets. 692 

693 
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Figure 17. Unconditional predictive checks for sample population percentiles of ADNI and CAMD studies 694 
 695 

 696 
Black dots represent observed results, computed by nominal visit. Dotted line represents the posterior 697 
percentile model prediction and shaded region represents the 90% prediction interval when sampling 698 
from the posterior distribution with inter-study variation. 699 
External validation 700 
The external validation was conducted for the response to FDA request during the qualification review 701 
team meeting on April 28th, 2010. The response data from a randomly selected CAMD protocol (the 702 
test set) was withheld and blinded from model developers during the model development phase. The 703 
fitted model from the model-building set was then used to generate a predictive distribution for the 704 
withheld response data, given the covariate values for that study, in a manner identical to that used 705 
for the internal validation “unconditional” predictive checks. The predictive validity of the model was 706 
then assessed by graphically comparing the observed data to the model predictions (figure 18) to 707 
determine if all values fell within the 90% prediction interval. 708 

Based on the criteria, the model met the external validation criteria that had been established. As 709 
such, the model correctly identified the results of this trial. 710 

711 
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Figure 18 Unconditional predictive check for study 1014 712 

 713 
Black dots represent observed results, computed by nominal visit. Dotted line represents the posterior 714 
percentile model prediction and shaded region represents the 90% prediction interval when sampling 715 
from the posterior distribution with inter-study variation. 716 
Summary of model fit 717 
The model developed provided parameter estimates similar to those described by previous authors. 718 
Estimates of baseline ADAS-Cog (intercept) from baseline MMSE (table 9) were consistent with the 719 
relationships observed between MMSE and ADAS-Cog in the literature (figure 6 upper left panel), 720 
CAMD (figure 11), and ADNI databases (figure 14). 721 

The parameter estimates observed for covariates of age (table 10), baseline severity, and ApoE4 722 
status on rate of disease progression on slope were also similar (table 11), yielding different rates of 723 
progression for different baseline severity (figure 15) over up to a two year period of time. In addition, 724 
by reconditioning the baseline estimate over a longer period of time, it is possible to estimate a longer 725 
time course of an average individual, depending on the starting baseline severity (figure 16). 726 

Model derived estimates obtained from the model for donepezil (where the most complete time course 727 
data is available) were compared to those from the Cochrane collaboration review of dementia for the 728 
Alzheimer’s type (http://www2.cochrane.org/reviews/en/ab001190.html). 729 

In the Cochrane review, 24 trials are included (involving 5796 participants), of which 15 reported 730 
results in sufficient detail for the Cochrane meta-analyses. Most trials were of 6 months or less 731 
duration. Patients in 20 trials had mild and moderate disease. For cognition there was a statistically 732 
significant improvement for both 5 and 10 mg/day of donepezil at 24 weeks compared with placebo on 733 
the ADAS-Cog scale (-2.01 points, 95% CI -2.69 to -1.34, P < 0.00001); -2.80 points, 95% CI -3.74 734 
to -2.10, P < 0.00001). 735 

For comparison the model derived estimates over time and the prediction intervals for are shown in 736 
figure 17. The model predicted treatment effect is completely in line with that reported for the 737 
Cochrane meta-analysis. 738 

739 
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Table 9. Model predicted expected mean ADAS-Cog score intercept by baseline MMSE 740 

 741 
 742 
Table 10. Model predicted expected mean change in ADAS-Cog score over one year in the absence of 743 

placebo or drug effect, by age 744 

 745 
 746 
Table 11. Model predicted expected mean change in ADAS-Cog score over one year in the absence of 747 

placebo or drug effect, by baseline MMSE, gender, and ApoE4 status 748 

 749 
 750 
Predicted changes are a function of baseline MMSE, ApoE4 genotype, gender, and age. Age-specific 751 
results are not presented because the effects of age and ApoE4 genotype are confounded, preventing 752 
independent estimation of their effects (genotype-specific typical age distributions were simulated 753 
based on the modeled joint distribution between age and genotype). 754 
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Figure 15. Plot of expected 2 year disease progression by baseline MMSE score (average individual) 755 

 756 
Lines represents posterior median model predictions for a “typical individual” (i.e. with all random 757 
effects set to zero) with the given baseline MMSE score. Shaded region the predictions for which there 758 
is some support in the data, while predictions outside of the grey region are mathematical 759 
extrapolations. 760 
 761 
Figure 16. Plot of expected 10 year disease progression by baseline MMSE score (average individual) 762 

 763 
Lines represent posterior median predictions for a “typical individual” (i.e. with all random effects set 764 
to zero) and grey region represents the corresponding 90% credible interval for the predictions. 765 
Predictions past two years represent extrapolations beyond the extent of the available data, and are 766 
intended primarily to show that the mathematical implications of the model are consistent with the 767 
expected nonlinear progression of the endpoint. 768 
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Figure 17. Plot of time course for placebo and drug effect model parameters over time 769 

 770 
Model posterior median estimates and 90% credible intervals for the incremental effect of placebo 771 
(adjusted for natural progression) and for the incremental effects of donepezil, galantamine, and 772 
rivastigmine (each adjusted for both natural progression and placebo). 773 
Clinical trial simulations 774 
Symptomatic drug effect scenarios 775 
For compounds where pre-clinical data suggests that only a symptomatic effect is likely to be 776 
observed, the key objective in early studies in patients is to determine whether the proposed 777 
mechanism translates into meaningful changes in a clinical outcome, as rapidly as possible. Often in 778 
early development, duration of toxicology exposure, and concerns for patient safety push teams to 779 
explore short, rapid proof of concept (POC) designs. Therefore, exploring the optimal POC studies is of 780 
interest. 781 

Figure 18 displays an average simulated trial for 6 week cross-over design (left) and 12 week parallel 782 
design (right), respectively under a symptomatic drug scenario. Under these assumptions used for this 783 
simulation, treatment effect (difference between placebo and treatment) at the end of each six week 784 
period was independent of treatment period in the cross-over design. In this context, a cross-over 785 
design has the potential to reduce the sample size while maintaining appropriate power to demonstrate 786 
the drug benefit. 787 
 788 

789 
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Figure 18. Plot of simulated cross-over Trials vs. parallel trials for drugs with only symptomatic effects 790 

 791 
In order to have a fixed point of comparison in the evaluation of both designs, the “true effect” of the 792 
drug was formulated as the 2.275 point difference at 24 weeks. This corresponds to a common 793 
scenario in early phases of drug development in which the estimand of interest is an effect at a time 794 
point later than any of the time points studied. From this perspective, some bias is expected with both 795 
designs, since the full drug effect is not attained over the duration of the study. 796 

Based on the simulation (table 12), approximately 85% power was achieved with 30 patients per arm 797 
(60 patients in total) in a 6-week cross-over study for a symptomatic drug with a drug effect similar to 798 
donepezil (2.275 point improvement in ADAS-Cog at 24 weeks, fast drug onset and offset). The power 799 
of a 12 week parallel design with 75 patients per arm (150 patients in total) was 77% (table 12). 800 
However, as expected, the relative bias of the 6-week treatment in the cross-over study (-11%) was 801 
higher than the 12 week parallel study (-4.22%), both of which would underestimate the true steady 802 
state treatment effect. A development team may use such results to determine whether the increase in 803 
bias is an acceptable price to pay for the gain in power. 804 

 805 
Table 12. Comparison of relative bias and power for a 6-week cross-over 12-week parallel study design 806 

 807 
 808 
Disease modifying drug effect scenarios 809 
For compounds with potential disease modifying effect, 18 month (78 week), randomized, parallel, 810 
placebo-controlled trials have most often been selected for use in recent years as summarized by 811 
Schneider and Sano. (Schneider and Sano, 2009) As pointed out in the paper, the rationale for their 812 
use rests more on historical precedent than objective evidence that this type of trial design would be 813 
most sensitive for detecting a disease modifying effect.  814 

An alternative approach, the delayed-start design, has been proposed. This approach can be used to 815 
directly support disease modifying claims, based on a series of hierarchical statistical tests of the 816 
primary clinical outcomes. Such designs have been implemented in Parkinson’s trials. Therefore both 817 
designs were simulated for disease modifying drug scenario. 818 
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For a 78 week parallel design, the power with 600 patients per group (1200 patients in total) ranged 819 
from approximately 17% to 89% with 5% to 50% drug effects on the slope of disease progression 820 
(table 13). Anecdotally, these power estimates are somewhat lower than those based on typical design 821 
assumptions. This difference is attributable to several factors: 822 

• The model-based estimates for rates of disease progression are generally lower than those 823 
used in some power calculations. For example, the model-based estimate for an individual with 824 
a baseline MMSE of 21 ranges from approximately 4 to 5.5 points per year, while power 825 
calculations have sometimes assumed a rate of progression of 6 points per year. 826 

• The model based estimates of drop-out rates are generally higher than those used in some 827 
power calculations. For example, the model estimates approximately 33% drop-out at 78 828 
weeks for a typical mild-to-moderate population, whereas power calculations have sometimes 829 
assumed 25% drop-out at 78 weeks. 830 

• The model based estimates of the standard deviation for changes from baseline is higher than 831 
that used in some power calculations. For example, the predicted standard deviation for 832 
changes from baseline at weeks 26, 52, and 78 are approximately 6, 8, and 10.5 points 833 
respectively, whereas power calculations sometimes assume this standard deviation is 8 points 834 
for 78 weeks trials. 835 

The power to test the first and second hypothesis in delayed-start design ranged from 8% to 72% 836 
when the drug effects on the rate of progression changed from 5% to 50% respectively. As a note, the 837 
third hypothesis to test the stability of the treatment difference was not specified and not included in 838 
the trial power calculation since no consensus on an appropriate equivalence margin is available for an 839 
AD trial. The third hypothesis can be tested later when a clinical meaningful margin is defined. As 840 
expected, the power for a 91 week delayed-start design was lower compared to the power of a parallel 841 
design for each disease modifying effect assumed. However, the delayed-start design could potentially 842 
provide additional inferences for disease modifying effect. 843 
Table 13. Comparison of a 78-week parallel study design and a 91 week delayed-start design by 844 

assumption of magnitude of disease modifying effect 845 

 846 
Ho 1 No difference in mean ADAS-Cog change from baseline at week 52 847 
Ho 2 No difference in mean ADAS-Cog change from baseline at week 91 848 
Ho 3 Difference in mean ADAS-Cog change from week 65 to week 91 exceeds a given (as yet 849 
unspecified) threshold. (Null hypothesis to test non-inferiority, based on treatment-time interaction 850 
contrasts.) 851 
 852 
 853 
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Specific questions for EMA review and CAMD positions 854 
 855 
DATA 856 

a. Does the Agency agree that the endpoint selected (ADAS-Cog) is 857 
suitable for describing cognitive changes in mild and moderate AD? 858 

 859 
Applicant’s position 860 
ADAS-Cog is a suitable clinical endpoint for describing cognitive changes in patients with mild and 861 
moderate AD. Its extensive validation in English and other languages, along with its widespread use 862 
over the last two decades, provides the largest and most complete database to describe longitudinal 863 
changes in cognition in AD patients. Its value as a measurement tool in clinical trials is further 864 
evidenced by the following. 865 

The ADAS-Cog has been the primary cognitive endpoint used for US approvals for all past and 866 
currently marketed compounds labeled for the treatment of patients with mild and moderate AD, 867 
including tacrine, rivastigmine, and donepezil (note that memantine is indicated for mild and moderate 868 
AD, and utilized the severe impairment battery [SIB]). 869 

To CAMD’s knowledge, the ADAS-Cog is the agreed primary cognitive endpoint for all recent global 870 
phase II and phase III drug development programs in patients with mild and moderate AD. The 871 
following late-stage programs all utilized a version of ADAS-Cog (bapineuzumab, ponezumab, 872 
solanezumab, Gammagard, Dimebon, SAM-531). As such, ADAS-Cog offers the most value for current 873 
and future drug development use. It is acknowledged that the field is moving towards earlier 874 
interventions yet the current AD model is established on the wealth of data that exists to date and will 875 
serve as a platform for pre-dementia stages as data emerges. 876 

In ongoing natural history studies, such as ADNI and Japanese ADNI (J-ADNI), the ADAS-Cog was the 877 
endpoint selected for measuring cognitive change. 878 

All models developed to describe cognition in patients with mild and moderate AD to date have utilized 879 
ADAS-Cog, including the work by Faltaos in the AAPS-FDA pharmacometrics fellowship (under the 880 
guidance of Dr. Hao Zhu of the Pharmacometrics division of the FDA). 881 

b. Does the Agency agree that the data being used (literature, ADNI, 882 
and CAMD database) are sufficient to describe longitudinal changes in 883 
ADAS-Cog in patients with mild and moderate AD? 884 

Applicant’s position 885 
Both the range and type of data included in the submission is sufficient to describe the longitudinal 886 
changes in ADAS-Cog in patients with mild and moderate AD, both for control arms and for treatment 887 
arms. CAMD also considers that the data provide sufficient information to inform both drug effect and 888 
trial components of the model. 889 
The patient-level control arm dataset which CAMD has been used to support this submission represents 890 
data from 3179 patients in 9 interventional trials representing data from all major geographic regions 891 
of the world (figure 12). The CAMD dataset which has been used to support this submission has 892 
utilized a standard scoring algorithm to ensure cross-study comparability and for potential addition of 893 
data in the future. 894 

The range of scores in the dataset includes the entire range of scores from 0 to 70, allowing for 895 
validation that simulations at the edges of the distribution of scores are appropriate. 896 
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Multiple longitudinal observations in 186 patients with mild AD in the non-interventional ADNI trial 897 
represent a reasonable foundation to inform the natural history of AD (table 6). 898 

73 trials in the literature are also included, which provide estimates for the drugs currently marketed 899 
for mild and moderate AD. The models by Samtani et al (Samtani et al, 2012) and Faltaos et al 900 
(William-Faltaos et al., 2013) do not include data that informs on treatment effects for currently 901 
marketed therapies. 902 

The dataset used includes data collected over the last two decades, allowing for temporal comparisons 903 
of trends in ADAS-Cog progression over time. 904 

Where available, the dataset includes genotype and biomarker endpoints for testing as covariates. As 905 
in the work of Faltaos et al (William-Faltaos et al., 2013) where 581 of the 2479 patients had available 906 
ApoE4 status available, not all studies had collected these data. 907 

MODEL 908 
a) Does the Agency agree that that the proposed model provides an 909 
adequate quantitative longitudinal description of the progression of 910 
cognitive changes in mild and moderate AD for data from various sources? 911 
Specifically, 912 

i) That changes in disease progression based on baseline severity 913 
have been adequately described? 914 

Applicant’s position 915 
Changes in disease progression based on baseline severity are adequately described by the model, as 916 
evidenced by the predictive checks from the covariate model, defined as the distribution of the 917 
covariate values (the effect of covariates on the response was not defined as part of the covariate 918 
model and is described instead as a component of the complete data model). The results are 919 
consistent with those reported in previous analyses. 920 

ii) Does the Agency agree that changes in disease progression due to 921 
other patient factors (ApoE4 status, gender, age) have been 922 
adequately assessed in model development? 923 

Applicant’s position 924 
Changes in disease progression due to ApoE4 status, gender and age have been adequately assessed 925 
and quantified within the model, as evidenced in table 10, table 11, figure 15, and figure 16. 926 

 927 

iii) Does the Agency agree that the internal validation process 928 
adequately describes the studies used for model development? 929 

Applicant’s position 930 
The progression of ADAS-Cog has been adequately assessed and quantified within the model. Figure 931 
17 illustrates observed versus predicted study-specific standard deviation as a function of time. The fit 932 
suggests that the model adequately describes the increases in endpoint variance as a function of time. 933 
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v) Does the Agency agree that symptomatic agent effects described 934 
by the model for acetylcholinesterase inhibitors are consistent with 935 
current clinical opinions? 936 

Applicant’s position 937 
Symptomatic agent effects described by the model for AChE inhibitors are consistent with current 938 
clinical opinions. 939 
Model derived estimates obtained from the model for donepezil (where the most complete time course 940 
data is available) were compared to those from the Cochrane collaboration review of dementia for the 941 
Alzheimer’s type (http://www2.cochrane.org/reviews/en/ab001190.html). 942 

In the Cochrane review, 24 trials are included (involving 5796 participants), of which 15 reported 943 
results in sufficient detail for the Cochrane meta-analyses. Most trials were of 6 months or less 944 
duration. Patients in 20 trials had mild and moderate disease. For cognition there was a statistically 945 
significant improvement for both 5 and 10 mg/day of donepezil at 24 weeks compared with placebo on 946 
the ADAS-Cog scale (-2.01 points, 95% CI -2.69 to -1.34, P < 0.00001); -2.80 points, 95% CI -3.74 947 
to -2.10, P < 0.00001). 948 

For comparison, the model derived estimates and the prediction intervals for the time course for 949 
placebo and drug effect model parameters over time are shown in figure 17. The model predicted 950 
treatment effect is completely in line with that reported for the Cochrane meta-analysis. 951 

vi) Does the Agency agree that the external validation are sufficient 952 
for use for trial simulation purposes? 953 

Applicant’s position 954 
The effects described by the model are consistent with current clinical observations. The visual 955 
predictive checks provide direct evidence for the goodness of fit (figure 18). 956 

The external validation was conducted for the response to FDA request during the qualification review 957 
team meeting on April 28th, 2010. The response data from a randomly selected CAMD protocol (the 958 
test set) was withheld and blinded from model developers during the model development phase. The 959 
fitted model from the model-building set was then used to generate a predictive distribution for the 960 
withheld response data, given the covariate values for that study, in a manner identical to that used 961 
for the internal validation “unconditional” predictive checks. The predictive validity of the model was 962 
then assessed by graphically comparing the observed data to the model predictions (figure 18) to 963 
determine if all values fell within the 90% prediction interval. 964 

Based on the criteria, the model met the external validation criteria that had been established. In this 965 
case, the baseline ADAS-Cog was estimated to be higher than that observed, placing the observed 966 
data in the lower range of what was predicted from the model. In addition the observed change from 967 
baseline in this population over 78 weeks was approximately 3 points, less than what would normally 968 
be expected, and that which has been observed in other contemporary trials. As such, the model 969 
correctly identified the results of this trial as being within the low range of possible outcomes that can 970 
be observed in this population. 971 

972 
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SIMULATION 973 
a) Does the Agency agree that a simulation approach based on a 974 
quantitative model is an adequate strategy for the purpose of 975 
comparing clinical trial designs with cognition as a primary endpoint 976 
in mild and moderate AD: 977 

 978 
Applicant’s position 979 
A simulation approach based on a quantitative model is the most suitable strategy for comparing trial 980 
designs in mild and moderate AD, where cognition is the primary endpoint. 981 
Simulation techniques can be employed to evaluate the performance of potential designs so that we 982 
fully understand the operating characteristics (e.g., probability of false-positive, false–negative, and of 983 
making the right decision) of each design based on the current available information about the drug 984 
before a specific design is selected. The comparison of the delayed to start to a traditional parallel 985 
design provides a direct example of how the model can be utilized in this capacity. 986 

Routine development of trial execution models is recommended so that more quantitative assessment 987 
of the impact of protocol deviations can be made. With traditional clinical trial planning, the sample 988 
size is set to achieve the desired power, at a selected significance level, assuming a specific fixed 989 
treatment effect and variance (often without taking into account changes over time), and perhaps 990 
inflated to account for anticipated dropouts. In more informed quantitative drug development, the 991 
drug, disease, and trial execution models are used together to predict the treatment effect as a 992 
function of dose, regimen, and time. 993 

Moreover, uncertainty in the prediction of the treatment effect can be taken into account from the 994 
uncertainty in the parameter estimates of these models. For example, trial-to-trial variation reflecting 995 
the uncertainty in the parameters (and indirectly in treatment effect) can be accounted for by 996 
parametric or non-parametric bootstrapping techniques. Simulations are then performed using the 997 
models together with the bootstrap vectors of parameter values for each simulated trial reflecting the 998 
uncertainty, to simulate hypothetical data for each of many simulated clinical trials for each potential 999 
design under consideration. Essentially, this approach facilitates the calculation of ‘‘marginal’’ power 1000 
averaged over the uncertainty in the prediction of the treatment effect. This ‘‘marginal’’ power 1001 
calculation leads to a larger sample size relative to assuming the mean treatment effect is known 1002 
(without uncertainty), but a smaller sample size relative to the worst case one might assume over the 1003 
range of plausible values given this uncertainty. 1004 

If the primary end point involves an imputation method to account for dropout, this is accommodated 1005 
by simulating time of dropout for each hypothetical subject and applying the imputation method (e.g., 1006 
last-observation carry forward) to the simulated data. In this case, the drop-out model also contains 1007 
factors known to influence the dropout, namely baseline severity (figure 15) and age (figure 16). The 1008 
data analysis is then performed for each simulated trial for each design, and the decision criteria are 1009 
applied to make a decision (e.g., go or no go). This decision can be compared against the correct 1010 
decision under the models and true values of the parameter used to simulate each trial. The probability 1011 
of a correct decision can then be computed as one of the measures of trial performance. 1012 
 1013 
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b) Does the Agency agree that the example simulations 1014 
provided in the submission are sufficient to demonstrate the 1015 
utility and use of this model as a DDT? 1016 

Applicant’s position 1017 
The use of simulations based on the present model provides an informative strategy for the purpose of 1018 
comparing the operating characteristics of a wide range of clinical trial design options, using cognition 1019 
as a primary endpoint in mild-to-moderate AD patients. 1020 
The examples provided were selected to illustrate the applicability and usefulness of the tool to help 1021 
clinical trial design teams compare key operating characteristics of optional designs, including the 1022 
effect of particular assumptions about the magnitude, onset, and offset of drug effects, varying entry 1023 
criteria, sample size and design features (i.e. parallel versus crossover) on power, bias and probability 1024 
of rejecting null hypotheses. 1025 

c) Does the Agency agree that this DDT, as defined in this 1026 
document, is suitable for qualification for use in Drug 1027 
development as a longitudinal model for describing changes in 1028 
cognition in patients with mild and moderate AD, and for use in 1029 
assisting in trial design in mild and moderate AD, as defined by 1030 
the context of use? 1031 

Applicant’s position 1032 
As defined by the context of use, this DDT is suitable to be qualified for use in Drug development as 1033 
a longitudinal model for describing changes in cognition in patients with mild and moderate AD, and for 1034 
use in assisting in trial design in mild and moderate AD. 1035 
The endpoint that is selected the primary endpoint used for cognition in all previous and ongoing 1036 
studies in mild and moderate AD. CAMD has utilized data from a wide variety of sources including non-1037 
interventional natural history, and randomized control interventional studies, spanning the entire range 1038 
of the ADAS-Cog, and from a broad range of geographical locations. 1039 

The model described in this submission represents the current state of the art with respect to a 1040 
longitudinal disease-drug-trial model to describe changes in ADAS-Cog. The model developed by CAMD 1041 
built on, and integrated strengths and findings of previously reported models. The present effort 1042 
focused on issues of estimation, demonstration of model validity, and examples of application. A large 1043 
number of features of previously published models were taken as starting points and were revisited 1044 
only to the extent required to obtain satisfactory model diagnostics. These “adopted” features 1045 
included: 1046 

1. The use of a generalized logistic function to describe the natural progression of the disease on 1047 
a constrained scale (Samtani et al., 2012). 1048 

2. The use of a Bateman-type function to describe the incremental placebo effect (Holford and 1049 
Peace 1992, Ito et al., 2010). 1050 

3. The use of Emax functions to describe the incremental effects of approved AChE inhibitors as a 1051 
function of dose (Ito et al., 2010, Gillespie, 2009). 1052 

4. The placement of candidate covariate effects in the model. Specifically, the use of baseline 1053 
severity as a covariate on the model intercept, and the use of baseline severity, ApoE 1054 
genotype, and baseline age as covariates on rate of progression (Ito et al., 2010, Samtani et 1055 
al., 2012). 1056 
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5. The use of baseline age and baseline severity as covariates on the hazard of drop-out (William-1057 
Faltaos et al., 2013). 1058 

In addition, CAMD has incorporated a number of important innovations: 1059 

1. A Bayesian implementation has been developed, allowing for a probabilistically correct 1060 
synthesis of literature meta-data with patient-level data. This allows for a particularly 1061 
comprehensive analysis, leveraging all available data. 1062 

2. The generalized logistic function for expected disease progression is used in conjunction with 1063 
beta-distributed residuals (i.e. “beta regression”), resulting in a predictive distribution that falls 1064 
entirely within the allowable range of ADAS-Cog scores (0–70) during simulation. The use of 1065 
the generalized logistic function is itself only sufficient to ensure that conditional expectations 1066 
respect the 0-70 constraints. However, when the generalized logistic function is used in 1067 
conjunction with normally distributed residuals, there is a positive probability of simulating 1068 
results outside of the allowable range. The Beta-distribution eliminates this. 1069 

3. The covariance structure is extended to include inter-study variation in intercepts and rates of 1070 
progression (beyond the variation already reflected by measured study-level covariates). 1071 

4. The covariance structure is extended to include inter-study heterogeneity in variance 1072 
components. This allows the model to account for the likely scenario that studies differ in the 1073 
quality of the methods and investigators (potentially resulting in residual distributions with 1074 
different variances in different studies) and differ as well in the diversity of the enrolled patient 1075 
populations (potentially resulting in different inter-subject variances in different studies). 1076 

Based on the coordinators’ report, the Scientific Advice 1077 
Working Party held that before opinion can be provided the 1078 
applicant should discuss the following points: 1079 

Summary 1080 
The tool is a clinical trial simulation tool to help optimize clinical trial design for mild and moderate AD, 1081 
using ADAS-cog as the primary cognitive endpoint. It is based on a drug-disease-trial model that 1082 
describes disease progression, drug effects, dropout rates, placebo effect, and relevant sources of 1083 
variability. It is not intended for the approval of medical products without the actual execution of well 1084 
conducted trials in real patients.  1085 
 1086 
Scientific discussion 1087 
This seems to be a useful approach to enable better and more informed decisions to be made during 1088 
the process of designing trials in Alzheimer’s disease. From a CHMP perspective, the simulation tool is 1089 
not intended to replace clinical trial data so in the end there will always be a phase III trial on which to 1090 
base the assessment. In this context it is easy to welcome the availability of such a tool, though it is 1091 
still important to ensure the simulations lead to good design solutions. 1092 
The model was fitted based upon the CAMD data-base consisting of 9 trials with 3223 patients. These 1093 
data were used to inform about inter-patient variability, patient specific factors and placebo effect. The 1094 
group also looked at 73 trials from the literature to inform about inter-study variability and the effects 1095 
of marketed drugs. After fitting the model was validated using placebo data from study 1014, which 1096 
wasn’t included in the model fitting. This study included 639 subjects and the fit appeared fairly good, 1097 
though it would be interesting to see more details. 1098 
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It should be clarified if this was the full extent of the independent validation, or if further work was 1099 
done. If not it would still be interesting to see how good the fit is to the trials that were included in the 1100 
model selection. There would be interest in how sensitive the fitted model is to the choice of data-set. 1101 
For example how much would the fitted model alter for different choices of fitting/validation set. Are 1102 
there any plans to continually validate/reassess the model as further trials become available? 1103 

The Applicant presented the fitted rates of progression as a function of baseline factors. The baseline 1104 
factors included in the ADAS-cog model were mini mental state examination score (MMSE), APOE4 1105 
status, age and gender. It seems that baseline ADAS-Cog was not included as a covariate. This would 1106 
be expected to be highly predictive, though is maybe correlated with MMSE. The results showed that 1107 
estimated progression was faster for males than females,  faster for those with lower baseline MMSE 1108 
score (low scores indicate worse cognition). The pattern wasn’t as clear for baseline APOE4 status. 1109 
While those with 2 alleles had faster progression, there was little difference between those with 0 or 1. 1110 
Baseline age was also used as a covariate, but progression rates weren’t presented as a function of 1111 
age. 1112 

It is acknowledged that the model is for mild-moderate Alzheimer’s disease, but it would be interesting 1113 
to know if the model has any validity if extrapolated outside this range i.e. to prodromal and severe 1114 
disease. 1115 

Overall this approach seems to have the potential to be a valuable tool to improve the design of clinical 1116 
trials. As an illustration of the benefit it would be interesting to see a hypothetical parallel group trial 1117 
for a symptomatic treatment powered conventionally and using the simulation tool, and see what 1118 
difference it could potentially make to the patient number/design decisions. 1119 
 1120 
List of issues addressed during the discussion meeting 1121 
 1122 
SAWP/CHMP question 1123 
Can you describe the process used for selecting the covariates for the 1124 
model and what other factors were considered aside from those included? 1125 
In particular was baseline ADAS-Cog a strong contender for inclusion?  1126 
 1127 
Applicant’s position 1128 
Baseline severity is a strong predictor for disease progression, which is consistent across previously 1129 
published results [Ito et al1,2, Samtani et al3, William-Faltos4] and the CAMD analysis. Previous results 1130 
reported ADAS-Cog as an indicator as baseline severity, and was included in their models. For CAMD 1131 
model, however, MMSE was used instead of ADAS-Cog as an indicator for baseline severity, given that 1132 
1) high correlation with ADAS-Cog (r=0.86), 2) MMSE is the most widely used assessment for 1133 
screening purpose, which also serve as a useful measurement for clinical study simulations. 1134 
As described in section 2.3.3.3 of the submission document, the covariate selection process was based 1135 
on previous work by Ito et al1, Samtani et al2, evaluated baseline age, ApoOE4 genotype, family 1136 
history of AD, gender, years of education, and baseline MMSE. In Ito’s previous work, continuous 1137 
variables (age, education, baseline ADAS-Cog) were normalized to a value representative of the 1138 
population for that variable, that is, the approximate mean value of the dataset. For baseline severity, 1139 
Ito et al2., tested an inverse-U type function (modified inverse-U function) in addition to the power 1140 
function, to describe the nonlinear relationship between the rate of change (slope) and severity 1141 
(baseline ADAS-Cog score). In turn, Samtani et al3, tested an initial list of 34 covariates. These 1142 
covariates fell into the following four categories: 1) MRI volumetric measures 2) serum biomarkers 3) 1143 
demographic and genetic factors and 4) cognitive tests at baseline/screening. After excluding 1144 
correlated covariates, or creating single summary variable was created to represent correlated 1145 
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predictors previously identified as important (using an absolute correlation coefficient value r > 0.3 as 1146 
cutoff), the following relevant covariates (on disease progression) were selected: APOƐ4, total serum 1147 
cholesterol and age. With this in mind, the CAMD team took advantage of this previously relevant work 1148 
for covariate selection purposes, with the following modifications: 1149 

i. Education (as tested by Ito et al1, and Samtani et al3) was not included given high variability in 1150 
the way these data were captured in the CAMD database, which escaped even the CDISC 1151 
standardization process. 1152 

ii. MRI volumetric measures, CSF biomarkers and total cholesterol were not included since they 1153 
were not consistently represented across the trials available in the CAMD database. 1154 

iii. Previous work from Ito et al, found baseline ADAS-Cog and baseline MMSE to be correlated 1155 
(see figure below from Ito et al1). As discussed in section 2.3.3.3, from a trial simulation 1156 
perspective, it is preferable to develop a model in which all covariates represent potential trial 1157 
entry criteria, since altering these variables allows the clinical trial design team to directly 1158 
observe the impact they have on trial design. Whereas the MMSE is designed as a screening 1159 
tool and is almost universally incorporated in inclusion/exclusion criteria, the duration of time 1160 
needed to administer the ADAS-Cog renders this instrument far less practical for screening 1161 
purposes and hence less useful as a model covariate. 1162 

 1163 

 1164 
Correlation between baseline ADAS-Cog and baseline MMSE 1165 

 1166 
SAWP answer 1167 
SAWP asked if baseline ADAS-Cog had actually been tested as a covariate and compared against the 1168 
selected baseline MMSE covariate. The Applicant responded that baseline ADAS-Cog was not actually 1169 
tested as a covariate for the reasons described above, which is considered acceptable. The Applicant 1170 
further explained that if one were to perform analyses using baseline ADAS-Cog as a covariate when 1171 
the outcome measure is ADAS-Cog it would not represent an independent measure. The CHMP 1172 
guideline on adjustment for baseline covariates, states verbatim, “If a baseline value of a continuous 1173 
outcome measure is available, then this should usually be included as a covariate. This applies whether 1174 
the primary outcome variable is defined as the ‘raw outcome’ or ‘change from baseline.’”5 SAWP 1175 
acknowledged that although it would have been interesting to include baseline ADAS-Cog as a 1176 
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covariate, the presented correlation between baseline MMSE and baseline ADAS-Cog, would likely yield 1177 
similar results. 1178 
 1179 
 1180 
SAWP/CHMP question 1181 
Can you clarify the scale used when describing progression rates from the 1182 
fitted model? Is it points per year on the ADAS-Cog? 1183 

 1184 
Applicant’s position  1185 
Applicant said yes, the progression rate represents points per year on the ADAS-Cog. Applicant pointed 1186 
out that in developing the CAMD database, there was a requirement to remap ADAS-Cog to a common 1187 
standard despite the fact that most experts assumed it was uniform across clinical trials. Even in the 1188 
presence of various versions, (11, 13, 14 etc.), the uniform ADAS-Cog 11 could be extracted from all 1189 
the trials available for analysis. 1190 

SAWP answer 1191 
It was explained that ADAS-Cog11 was used for the model.  1192 

 1193 
 1194 
SAWP/CHMP question 1195 
The model suggests there is little difference in progression rates between 1196 
those with APOe4 status 0 and 1. Is this a plausible finding?  1197 
 1198 
Applicant’s position  1199 
As described in Table 11 of the submission document, homozygous APOe4 carriers have a clearly 1200 
higher progression rate against comparable individuals from the same gender and with equivalent 1201 
baseline severity. Due to sample size limitations, it was not feasible to more thoroughly evaluate the 1202 
effects of all possible allele combinations, especially when such combinations included potential 1203 
protective effects from the other allele variants such as APOe2. Applicant expressed that this was done 1204 
based on feedback received from FDA, based on the rationale of trying to better characterize potential 1205 
risk differences between the heterozygous and homozygous carriers. 1206 

SAWP answer 1207 
SAWP asked the reason why three categories of APOe4 status were defined, as opposed to the 1208 
carrier/non-carrier binary conversion more frequently used. SAWP suggested the possibility of 1209 
compressing APOe4 status into two groups, given the little added information differentiating status 0 1210 
and 1. 1211 

1212 
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Applicant’s question  1213 

Please describe how the estimated progression rate varies with baseline 1214 
age.  1215 

Applicant’s position  1216 

 1217 

As described on Table, younger individuals at baseline showed a higher rate of progression (almost a 1218 
full point per year when comparing 69 year-old with 80 year-old individuals). 1219 

SAWP answer 1220 
The SAWP agrees that the estimate rates of progression can help in the design of the studies.  1221 

 1222 
SAWP/CHMP question 1223 
Please clarify whether the applicant in their modelling exercise has 1224 
considered any functional outcomes and whether they were correlated with 1225 
changes in ADAS-Cog?  1226 
 1227 
Applicant’s Position  1228 
Functional endpoints were initially considered for inclusion in the analyses. However, as opposed to the 1229 
ADAS-Cog 11, which was consistently collected in all the trials in the CAMD database, ADNI, and in the 1230 
summary literature reports included in the metadata, the functional endpoints included varied greatly. 1231 
From a practical perspective, and based on feedback received from FDA and EMA, the CAMD team 1232 
decided to focus on the ADAS-Cog11 as the modeling endpoint. 1233 

Previous work with AChE inhibitors like that of Rogers et al5, has shown that ADAS-Cog and functional 1234 
endpoints such as the Clinician's Interview−Based Impression of Change including caregiver 1235 
information (CIBIC plus) are indeed correlated.  1236 
 1237 
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SAWP answer 1238 
The applicant showed results illustrating correlation between ADAS-Cog and specific functional 1239 
measures in ADNI and other data sources in mild/moderate AD cases. The applicant claims that the 1240 
ADAS-Cog was chosen and the endpoint for the model given it is the most consistently used whereas 1241 
different studies tend to use different functional scales/measures. Some work by team members has 1242 
analyzed model predictions in subsets of studies using specific functional endpoints (FAQ) and the 1243 
results are similar to that observed with ADAS-Cog. The current CHMP guidelines for Dementia include 1244 
ADAS-Cog as a primary end point for efficacy. Thus, SAWP is satisfied that is a clinical meaningful 1245 
measure.  1246 
 1247 
SAWP/CHMP question 1248 
A question was raised if there should be a model for both cognition and 1249 
function. The answer is yes, in the future. Consensus on functional 1250 
endpoints to be implemented in trials would accelerate progress in 1251 
achieving this goal in the future. Please provide further details of the 1252 
results of the independent validation using study 1014.  1253 
 1254 
Applicant’s position  1255 
The response data from study 1014 was withheld and blinded from model developers during the model 1256 
development phase. The final model was then used to generate a predictive distribution for the 1257 
withheld response data, given the covariate values for that study, in a manner identical to that used 1258 
for the internal validation ‘‘unconditional’’ predictive checks (not conditioned on study-level random 1259 
effects). The predictive validity of the model was then assessed by graphically comparing the observed 1260 
data to the model predictions (see figure below) to determine if all values fell within the 90% 1261 
prediction interval. A discussion regarding external validation included description of study 1014 1262 
external validation, consistency with published literature and findings from others (Holford and Peace6, 1263 
Schneider and Sano7, Samtani3).  1264 

Applicant pointed out that 4 of the seven studies in the CAMD database included treatment with stable 1265 
background therapy. The other 3 studies were placebo only. No differences in the rate of disease 1266 
progression were observed based upon background therapies. Interest in combination therapies in this 1267 
patient population was highlighted and a question for the future may relate to understanding how 1268 
much background treatment is considered relevant.  1269 

 1270 
SAWP answer 1271 
The SAWP is of the view that the value of the model is not only based on the studies used to develop 1272 
the model. The model was derived not only from the CAMD placebo database but also ADNI and 83 1273 
studies from the published literature. It is of relevance that placebo response was derived from the 1274 
CAMD database, symptomatic response from literature and disease progression from ADNI. Thus, the 1275 
model novelty is in being derived from a comprehensive diverse integration of data. 1276 

 1277 
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 1278 
Unconditional predictive check for external validation 1279 
 1280 
 1281 
SAWP/CHMP question 1282 
Was there any additional independent validation aside from study 1014?  1283 
 1284 
Applicant’s position  1285 
Additional independent validation steps in stricto sensu were not carried out. 1286 

SAWP answer 1287 
The SAWP has recommended further working with industry partners to run the model against datasets 1288 
not previously used. The applicant stated that several similar predictive distributions for such data are 1289 
being performed in the industry with similar results.  1290 
 1291 
SAWP/CHMP question 1292 
Can you show how well the model fits each of the studies that were 1293 
included in the fitting?  1294 
 1295 
Applicant’s position 1296 
The figures below illustrate the unconditional predictive checks for sample population percentiles of 1297 
ADNI and CAMD studies. 1298 

 1299 
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 1300 
Unconditional predictive checks for internal validation 1301 
 1302 
SAWP answer 1303 
The example of the unconditional predictive checks for internal validation was relevant for sample 1304 
population.  1305 

 1306 
SAWP/CHMP question 1307 
How robust is the fitted model to the choice of fitting/validation sets? For 1308 
example if each study was removed in turn to be the validation set, with 1309 
the other n-1 being used for fitting, how much would the model alter and 1310 
would the validation still look good?  1311 
 1312 
Applicant’s position  1313 
The validation dataset (study 1014) was randomly selected from the available dataset in CAMD 1314 
database (which met the selection criteria: ≥1 year & ≥100 patients) before starting the model 1315 
building process. Also, the applicant compared the final parameter estimates with/without 1014 after 1316 
completion of the external validation, and we didn’t see any outstanding difference. Therefore, as long 1317 
as the dataset meets the selection criteria, we believe the validation using other dataset would be 1318 
similar with what we demonstrated in the submission document.  1319 

Additionally, since the modeling strategy did not involve any substantial variable selection (only 1320 
relatively few covariates were available, and their role in the model was largely pre-specified), it may 1321 
be reasonably expected that leave-one-out cross-validation (as referred to in the question) would 1322 
produce results extremely similar to those seen with the posterior predictive checks. One generally 1323 
only finds disagreement between cross-validation and posterior predictive checks when the modeling 1324 
strategy involves substantial variable selection. CAMD explained how robust is the fitted model with 1325 

 
 
Qualification opinion of a novel data driven model of disease progression and trial 
evaluation in mild and moderate Alzheimer’s disease 

 

EMA/CHMP/SAWP/420174/2013 CONFIDENTIAL Page 45/54 
 



 

description of jackknife approach, comparison of final parameter estimates and model prediction 1326 
yielding similar results with or without study 1014. 1327 
 1328 
SAWP answer 1329 
The model is robust to fulfill the choice of validation sets. 1330 
 1331 
SAWP/CHMP question 1332 
Are there plans to continually update/validate the model as new data 1333 
becomes available?  1334 
 1335 
Applicant’s position  1336 
The CAMD team envisions modeling and simulation tools as continuously evolving entities that should 1337 
be in a constant process of enrichment, refinement and expansion. Examples such as integration of 1338 
biomarkers into the model were highlighted. However, it is important to note the essential role of 1339 
precompetitive data sharing and magnitude of effort and resources required to remap additional 1340 
datasets and perform the data QC process in order to expand the CAMD database.  1341 
 1342 
SAWP answer 1343 
The SAWP recommends that the modeling and simulation tools will be continuously evolving entities 1344 
that should be in a constant process of enrichment, refinement and expansion.   1345 
 1346 
SAWP/CHMP question 1347 
Does the model have any validity if extrapolated outside the mild/moderate 1348 
range, i.e. to prodromal or severe disease?  1349 
 1350 
Applicant’s position  1351 
A preliminary extrapolation into the more severe states is shown on figure 25 of the submission 1352 
document, in which the predictive progression curves for 65 year-old ApoE4 non-carrier males is 1353 
shown over a ten-year period. One caveat, though, is the potential limitations of the ADAS-Cog as an 1354 
outcome measure in a more severe population, where scores would tend to compress against the 1355 
maximum 70 points of this scale. 1356 

Conversely, extrapolations into prodromal or pre-demented stages have not been attempted, mainly 1357 
due to the limited amounts of clinical trial data in these populations, and the potential limitations of the 1358 
ADAS-Cog as an outcome measure in such stages of disease. 1359 

Finally, as stated in the proposed context of use statement, the model is intended for application in the 1360 
mild and moderate AD stages, not in pre-dementia or severe dementia stages. 1361 
 1362 
SAWP answer 1363 
The SAWP agrees that the model can be used for design of trials in mild and moderate AD, not in pre-1364 
dementia or severe dementia stages. 1365 
 1366 
SAWP/CHMP question 1367 
Can you provide a hypothetical example showing how a basic trial might be 1368 
powered both with and without the simulation tool?  1369 

 1370 
Applicant’s position  1371 
As illustrated in the example on section 2.4.6.2 of the submission document, a development team 1372 
might find themselves confronted with designing a trial for a drug to evaluate a drug with a potential 1373 
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disease modifying effect. For compounds with potential disease modifying effect, 18 month (78 week), 1374 
randomized, parallel, placebo-controlled trials have most often been selected for use in recent years as 1375 
summarized by Schneider and Sano6. As these authors point out, the rationale for their use rests more 1376 
on historical precedent than objective evidence that this type of trial design would be most sensitive 1377 
for detecting a disease modifying effect. An alternative approach, the delayed-start design, has been 1378 
proposed. This approach can be used to directly support disease modifying claims, based on a series of 1379 
hierarchical statistical tests of the primary clinical outcomes. Such designs have been implemented in 1380 
Parkinson’s trials. Therefore both designs were simulated for disease modifying drug scenario 1381 
described in section 2.3.3.9 of the submission document. A team confronted with these two design 1382 
options could base the clinical trial design process on selecting one of the two designs without much 1383 
quantitative background, other than the historical frequency of use that would support selecting a 1384 
parallel design, versus the extrapolation from Parkinson’s disease trials that have used the delayed 1385 
start framework. In either case, the team would need to then have the option of basing the expected 1386 
progression rates on the opinion of clinical experts, or develop their own model-based understanding 1387 
regarding expected progression rates based on in-house data available to them.  1388 

The former option would likely provide a one-size-fits-all estimate of progression rates, without much 1389 
consideration for varying progression rates in subpopulations defined by relevant covariates, with 1390 
model-based estimates for rates of disease progression generally being lower than those used in some 1391 
power calculations. (For example, the model-based estimate for an individual with a baseline MMSE of 1392 
21 ranges from approximately 4 to 5.5 points per year, while power calculations have sometimes 1393 
assumed a rate of progression of 6 points per year.) The latter option could be an interim solution, but 1394 
would potentially lack the level of underlying data, while the case of CAMD is based on a large scale 1395 
patient-level and summary-level integration of data likely without precedent in the field of Alzheimer’s 1396 
disease. A similar scenario would present itself in the case for expected sample size attrition rates. The 1397 
model based estimates of drop-out rates are generally higher than those used in some power 1398 
calculations. For example, the model estimates approximately 33% drop-out at 78 weeks for a typical 1399 
mild-to-moderate population, whereas power calculations have sometimes assumed 25% drop-out at 1400 
78 weeks. Additionally, the model based estimates of the standard deviation for changes from baseline 1401 
is higher than that used in some power calculations. For example, the predicted standard deviation for 1402 
changes from baseline at weeks 26, 52, and 78 are approximately 6, 8, and 10.5 points respectively, 1403 
whereas power calculations sometimes assume this standard deviation is 8 points for 78 weeks trials. 1404 

If, on the other hand, the team decided to make use of the proposed clinical trial simulation tool, 1405 
varying disease progression rates could be generated based on a range of entry criteria variations (as 1406 
opposed to a one-size-fits-all approach). As illustrated on sections 2.4.6.2 of the submission 1407 
document, disease modifying drug effects were expressed as proportional reductions in expected 1408 
progression rates. Based on the feasibility to detect a potential effect, the proportional reductions 1409 
considered were 20%, 30%, 40%, and 50%. The sample size for simulated trials included 100, 250, 1410 
400 and 600 per group. The candidate designs considered in these scenarios were: A two-arm parallel 1411 
design with 78 week treatment duration and assessments at weeks 0, 26, 52, and 78. The assumed 1412 
primary analysis used a Multivariate Model for Repeated Measures (MMRM) approach with unstructured 1413 
covariance matrix and fixed effects for baseline ADAS-Cog, treatment, visit (nominal), and treatment 1414 
by visit interaction. Drug effect was formulated as the expected difference at week 78.  1415 

A two-group delayed start design. This design employs a placebo-control stage (stage 1), and an 1416 
active control phase (stage 2). The patients who receive placebo in the placebo control phase and 1417 
study drug in the active control phase are referred to as the delayed-start group. The patients who 1418 
receive study drug in both phases are referred to as the early-start group. 52 week and 39 week 1419 
duration was selected for stage 1 and stage 2, respectively, with the final 26 weeks being used to 1420 
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assess stability of effect. Assessments were assumed at weeks 0, 26, 52, 65, 78, and 91. A schematic 1421 
for this design is provided in the figure below. 1422 

 1423 
Schematic of the delayed-start design 1424 

 1425 
The envisioned primary analysis would test the three research hypotheses associated with delayed 1426 
start designs: 1427 

i. Test for the difference in ADAS-Cog change from baseline between the placebo and study drug 1428 
group at the end of phase 1 (52 week).  1429 

ii. Test for the difference in ADAS-Cog change from baseline between early and delayed start 1430 
groups at the end of phase 2 (91 week). 1431 

iii. Test for evidence of the stability of the treatment difference, which may be assessed by 1432 
comparing the change from week 65 to week 91 for early versus delayed start groups. 1433 

A formulation of any of these three hypotheses in terms of slopes is possible in general, but would be 1434 
conceptually inconsistent with our present model, which implies non-linearity of the time courses. 1435 
Moreover, in the ADAGIO study (the delayed start trial in Parkinson’s disease for rasagiline), the slope 1436 
analysis was pre-specified and used for hypothesis 1 and 3 testing but the data failed the non-linearity 1437 
tests and as a result, the slope tests were considered inconclusive 1438 
(http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/Drugs/Peripheralan1439 
dCentralNervousSystemDrugsAdvisoryCommittee/UCM277005.pdf). Consequently, all three 1440 
hypotheses were tested using interaction contrasts rather than slopes, using the same MMRM model as 1441 
described for the 78 week parallel design described before. Also since there is no consensus regarding 1442 
an appropriate equivalence margin for testing the stability of effect (whether formulated as a slope or 1443 
an interaction contrast), the third hypothesis was not included in the trial power calculation. 1444 

For the 18 month parallel design, approximately 85% power was achieved with 600 patients and 400 1445 
patients per group for decreases of 40 and 50% on the rate of disease progression, respectively (see 1446 
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figure below). The power to reject both the first and second hypothesis in the delayed-start design was 1447 
much lower compared to the parallel design (see figure below). For a moderate disease modifying 1448 
effect of 50% decrease on the rate of disease progression, approximately 75% power was achieved 1449 
with 600 patients, although the delayed-start design could potentially provide additional inference for a 1450 
disease modifying effect. 1451 

As can be seen, the power to test the first and second hypothesis in delayed-start design ranged from 1452 
8% to 72% when the drug effects on the rate of progression changed from 5% to 50% respectively. As 1453 
indicated above, the third hypothesis to test the stability of the treatment difference was not specified 1454 
and not included in the trial power calculation since no consensus on an appropriate equivalence 1455 
margin is available for an AD trial. However, this third hypothesis can be tested later, once a clinical 1456 
meaningful margin is defined (either through consensus in the literature or through feedback from the 1457 
regulatory agencies during the interactions between the sponsor and regulators). As expected, the 1458 
power for a 91 week delayed-start design was lower compared to the power of a parallel design for 1459 
each disease modifying effect assumed. However, the delayed-start design could potentially provide 1460 
additional inferences for disease modifying effect. 1461 

 1462 

 1463 
Power curve of a 78 week parallel study design and a 91 week delayed-start design by assumption of 1464 
different magnitude of disease modifying effect 1465 
 1466 
SAWP answer 1467 
The applicant showed several examples such as: 1468 

a) The model could be used to power a clinical trial being designed prospectively.  1469 

b) Highlighted ability to accurately predict drug effects, dropout rates, assess disease modifying vs. 1470 
symptomatic or even combined mechanisms of action based on what is known about the drug in 1471 
nonclinical studies.  1472 
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c) The model could be used to predict how fast a drug response is expected to be observed, and to 1473 
conduct ‘what if’ scenarios based on defined covariates.  1474 

The impact of the model in specific clinical trial designs was discussed including parallel designs, 1475 
crossover and delayed start designs. One example that generated interest is the use of the model to 1476 
conduct futility analysis with confidence in deciding if it makes sense to make a go/no go decision on 1477 
advancing a candidate further in clinical development. Another example was post hoc analyses to look 1478 
for subsets of patients that respond to treatment to justify further support for new trials in 1479 
subpopulations. The Applicant highlighted the >90% failure rate in AD trials which served to 1480 
emphasize the impact of how disease modeling can be implemented in the future to reduce the risk of 1481 
failure due to poor trial design or other such factors. The SAWP agrees that the model can help to 1482 
improve efficiencies in relation to the scope of the model.   1483 

The SAWP recommends that the model will be made publically available for free, and that the CAMD 1484 
modeling team along with Metrum research group will assist with training for those who have interest. 1485 
 1486 
Based on the qualification team report the CHMP gave the 1487 
following answers: 1488 

Qualification of a novel data driven model of disease progression and trial 1489 
evaluation in mild and moderate Alzheimer ’s disease. 1490 
 1491 
Context of use 1492 
The context of use: “The proposed disease progression and trial evaluation model, as defined in this 1493 
document, is suitable for qualification for use in drug development as a longitudinal model for 1494 
describing changes in cognition in patients with mild and moderate AD, and for use in trial designs in 1495 
mild and moderate AD.” 1496 
 1497 
CHMP Qualification opinion 1498 
The proposed disease progression and trial evaluation model, as defined in this document, is suitable 1499 
for qualification for use in drug development as a longitudinal model for describing changes in 1500 
cognition in patients with mild and moderate AD, and for use in assisting in trial designs in mild and 1501 
moderate AD, as defined by the context of use.  1502 

It is important to note that there is no intention to use the model as a replacement for clinical trial 1503 
data, and such an initiative would not be supported. Appropriate internal control arms, including use of 1504 
placebo, should continue to be used in prospective randomized controlled trials. The model is also not 1505 
intended to replace scientific judgment over interpretation of clinical data and/or guidance over clinical 1506 
drug development. The results of post-hoc analyses would still need to be treated with the usual 1507 
caution. However, use of the model may help a sponsor to elucidate their level of belief in a hypothesis 1508 
generated post-hoc to help decide whether to perform a trial to confirm that hypothesis or not pursue 1509 
it further.    1510 

Having such a quantitative framework does not preclude that a given sponsor may use other 1511 
quantitative tools to support decision-making during the clinical trial design process, but provides 1512 
valuable information to improve decision making and a unique common backdrop to facilitate 1513 
quantitative-based discussions between sponsors and regulators.  1514 

Also, as acknowledged by the applicant, the model is specifically tailored for mild and moderate AD and 1515 
has no validity outside this range, e.g. severe or prodromal Alzheimer’s disease.    1516 
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CAMD has provided several clinical trial simulations that were run for illustrative purposes. These 1517 
simulations were not intended to provide evidence toward any global preference of a particular design, 1518 
but as examples of how a development team might use the model and associated simulation tools to 1519 
select designs that are tailored to particular assumptions about the magnitude, onset, and offset of 1520 
drug effects.  1521 

ADAS-Cog is the primary endpoint used for cognition in all previous and ongoing studies in mild and 1522 
moderate AD. CAMD has selected data from a wide variety of sources including non-interventional 1523 
natural history, and randomized control interventional studies, spanning the entire range of the ADAS-1524 
Cog, and from a broad range of geographical locations. 1525 

The model developed by CAMD built on and integrated strengths of previously reported models; the 1526 
model provides satisfactory information to support its use for simulation. The model can be used to 1527 
simulate the natural progression of disease (without placebo or drug effect), the progression on a 1528 
placebo arm, or on a drug arm (either symptomatic or disease modifying). Simulations can be used to 1529 
inform on the power of competing designs for a clinical trial by simulating data from a placebo arm and 1530 
from an active arm based on an assumption about the “true” size of benefit. 1531 

The choice of covariates for the model was limited by the data available in the studies being used by 1532 
the modeling, but for those that were included (baseline MMSE, ApoE4 status, gender, age) the fitted 1533 
relationship to ADAS-Cog is both clinically plausible and a good fit to the data. Functions to model the 1534 
placebo effect and active arm effects are also included.  1535 

In terms of internal validation, the model is a good fit to the data from the large majority of the 1536 
studies used in developing the model. Using the example of donepezil it has also been demonstrated 1537 
that the behavior over time of patients on a symptomatic treatment arm can be modeled. The results 1538 
were consistent with those seen in the Cochrane data-base. 1539 

In an external validation exercise the model provided satisfactory predictions of a data-set that had not 1540 
been included in the modeling exercise, providing reassurance that simulations from the model can be 1541 
informative regarding the likely changes in cognition of patient groups in clinical studies. 1542 

There is some caution to be expressed on the applicability of the model. The model is necessarily built 1543 
based, in part, on existing clinical trial data which recruited a particular type of patient based on the 1544 
various inclusion and exclusion criteria and based on the judgment of patients, caregivers and 1545 
physicians on the perceived suitability of a particular trial for a particular patient. As the patient 1546 
population changes over time, or as patient management or the natural course of the disease change 1547 
over time (in ways not necessarily captured by the factors included in the model), the applicability of 1548 
the model would need to be verified. It is also the case that trials may be conducted using a patient 1549 
population that is enriched for a particular characteristic. There is also caution that assessment of 1550 
cognition may be made differently in trials with an active control arm rather than trials with a placebo 1551 
control arm. These represent reasons to encourage continual development and validation of the model. 1552 

The extensive efforts undertaken to build and validate the model are recognized. Further work is 1553 
encouraged to integrate information on disease progression according to biomarker profiling and to 1554 
extend the range of the model (or another model) into prodromal AD. Of course, an assessment of 1555 
function is of clinical and regulatory interest in addition to the assessment of cognition. 1556 

The response given by CHMP is based on the questions and supporting documentation submitted by 1557 
the Applicant, considered in the light of the current state-of-the-art in the relevant scientific fields. 1558 

1559 
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i All annexes mentioned under the Applicant’s position refer to the documentation submitted with the request. 
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