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Abstract

BACKGROUND—Optimized scales and composite outcomes have been proposed as a way to 

more accurately measure Alzheimer’s disease related decline. AFFITOPE® AD02, is an amyloid-

beta (Aβ)-targeting vaccine to elicit anti-Aβ antibodies. IMM-AD04, commonly known as Alum, 

originally designated as a control agent, appeared to have disease-modifying activity in a 

multicenter, parallel group phase II study in early AD patients.

OBJECTIVES—To develop adapted outcomes for cognition, function and a composite scale 

with improved sensitivity to decline and treatment effects in early AD (mild plus prodromal AD) 

based on historical data and to assess these adapted outcomes in this phase II study.

DESIGN—Data from public datasets was analyzed using a partial least squares model in order to 

identify an optimally weighted cognitive outcome, Adapted ADAS-cog, and an optimally 

weighted ADL outcome, Adapted ADCS-ADL which were prospectively defined as co-primary 

endpoints for the study and were also combined into a composite scale. Data from 162 patients in 

the placebo groups of ADCS studies and 156 mild patients in the ADNI I study were pooled for 

this analysis. The Adapted ADAS-cog scale considered 13 ADAS-cog items as well as several 

Neuropsychological test items and CogState items, the Adapted ADCS-ADL considered all 

ADCS-ADL items. After the pre-specified analyses were complete, additional adapted and 

composite scales were investigated in a post-hoc manner. Evaluation of the adapted and composite 
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scales was performed on Phase II trial data for AFFITOPE® AD02 (AFF006, Clinical Trial 

Identifier: NCT01117818) and historic data in early AD. Least square means, standard deviations, 

and least squares mean to standard deviation ratios were compared among adapted and composite 

scales and traditional scales for the 5 treatment groups in the phase II study and overall for the 

historic data. Treatment effect sizes and p-values were also compared for the phase II study.

RESULTS—Cognitive items that were selected for the adapted cognitive scale (aADAS-cog) and 

had the highest weights were Word Recall, Word Recognition, and Orientation. Delayed Word 

Recall and Digit Cancellation were among the items excluded due to lack of improved sensitivity 

to decline. Highly weighted ADL items included in the adapted functional scale (aADCS-ADL) 

were using the telephone, traveling, preparing a meal/snack, selecting clothing, shopping and 

using appliances. Excluded items were primarily basic ADLs such as eating, walking, toileting 

and bathing. Comparisons between traditional scales and primary outcome adapted scales show 

improved sensitivity to group differences with the adapted scales in the phase II trial. Most of the 

improvement in the sensitivity of the aADAS-cog and the aADCS-ADL is due to a larger 

treatment difference observed rather than the improved sensitivity to decline in the comparison 

groups.

CONCLUSION—To our knowledge, this is the first study to prospectively use optimized scales 

as primary endpoints and to demonstrate the superior power of optimized scales and composites in 

early disease. Although it is possible that the treatment difference between randomized groups is 

due to a factor other than the treatment itself, for instance baseline imbalance, the improved power 

to detect these differences still argues in favor of the adapted scales. The issue of oversensitivity to 

detect treatment effects is controlled by selection of the alpha level for significance, and in our 

case will happen less than 5% of the time. Clinical relevance of the treatment difference should be 

assessed separately from statistical significance, and in this phase II study, is supported by 

significant or similar sizes of effect on function, behaviour and quality of life outcomes, which are 

important to patients and caregivers.
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Introduction

Recent years have witnessed numerous failures in the development of Alzheimer’s disease 

(AD) therapeutics (1, 2). Reasons include the inability to intervene early enough in the 

disease process as a result of the low specificity of the 1984 diagnostic criteria (3), the 

complex and thus far not entirely understood pathophysiology of the disease (i.e. Aβ, the 

focus of many failed trials (4, 5), might be the wrong target) and a lack of validated 

biomarkers, among others. Today, progress in the diagnosis of AD along with a better 

understanding of its natural course now allows for earlier interventions. Therapeutic 

interventions are now shifting to subjects in earlier disease stages, defining a need for scales 

that are more sensitive to change in early disease stages such as prodromal AD.

Currently, there is no single scale that can measure AD related decline at early stages. There 

are over 60 scales relevant for AD covering cognitive impairment, activities of daily living, 
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behavior, and quality of life (2). Common tests, such as the ADAS-cog, were designed for 

patients with moderate AD. By definition, patients with pre-dementia AD have only subtle 

cognitive and functional defects. Consequently, patients in the early stage of the disease 

perform near the ceiling of traditional scales (6, 7). Multiple studies have found that ADAS-

cog lacks an adequate response to MCI (8–11), highlighting the gap in our ability to discern 

disease progression and potential treatment effects at the earliest stages of the disease. At the 

same time, there is a growing level of understanding of early AD changes. For example, 

episodic memory and timed executive functioning are two of the most responsive, early 

cognitive domains that are changed in the healthy elderly to the pre-dementia AD and mild 

cognitive impairment (MCI) stage (12, 13) as well language, word finding and orientation 

difficulties (14–16).

Several studies have proposed alternative composite scores, which combine multiple 

cognitive and functional items into a total score to improve scale sensitivity and to 

potentially allow for shorter or smaller studies (15, 17–19). Both the FDA and the EMA 

have additionally suggested that they would not exclude the use of a validated composite 

scale for the MCI disease stage as sufficient proof for market approval (20, 21).

Here, we develop adapted cognitive and functional scores as well as a combined composite 

score in order to measure AD related decline in a way that improves sensitivity to decline 

for patients with mild and prodromal AD. We analyzed pooled Alzheimer’s Disease 

Neuroimaging Initiative (ADNI) mild and Alzheimer’s Disease Cooperative Study (ADCS) 

study placebo data to identify optimal items for measuring disease progression in this early 

AD population resulting in the creation of an adapted cognitive scale and an adapted 

functional scale that were then combined into a composite scale. We used a phase II clinical 

study in mild and prodromal AD patients to test the adapted and composite scales. The 

clinical study used investigated AFFITOPE® AD02, an Aβ targeting vaccine eliciting anti-

Aβ antibodies. IMM-AD04, commonly known as Alum, which was originally designated as 

the control agent, appeared to have disease-modifying activity. Additionally, we used the 

phase II study data to investigate other questions about composites in a post-hoc manner.

Methods

An optimized scale for measuring cognitive decline, adapted ADAS-cog, and an optimized 

scale for measuring functional decline, adapted ADCS-ADL, were both developed using a 

partial least squares (PLS) regression model applied to historical data from the ADCS and 

ADNI I. A composite outcome was also created by summing the two adapted scales to 

measure overall decline. These adapted and composite scales were designated as primary 

outcomes in the AFF006 phase II study, providing prospective validation data.

Adapted ADAS-cog (aADAS-cog)

The Alzheimer Disease Assessment Scale-cognitive subscale (ADAS-cog) (22, 23) is a test 

battery that assesses performance on eleven cognitive tasks or items: orientation, three trials 

of a 10-word list learning task, three trials of a 12 word recognition task, recall of 

instructions, comprehension of commands, object and finger naming, word finding 

difficulty, expressive language, language comprehension, ideational praxis, and 
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constructional praxis. The ADAS-cog scale extends from 0 to 70, with higher scores 

indicating greater cognitive impairment. Two additional items are included in the 13-item 

version of the ADAS-cog: Delayed Word Recall and Digit Cancellation.

The ADAS-cog was used as the basis for the adapted ADAS-cog (aADAS-cog) scale. The 

following items were considered for inclusion in the aADAS-cog scale: 1) All ADAS-cog13 

items; 2) CogState (New Haven, CT, USA): Continuous paired and associate learning 

(CPAL), Identification Task (IDN), One Back Memory Task (ONB), Detection Task (DET), 

Go/No Go Task (GONG); 3) Verbal PAL Immediate/Delayed (Neuropsychological Test 

Battery, NTB); 4) NTB Category Fluency; and 5) NTB Digit Span forward and backward. 

All 3 historical studies measured the ADAS-cog13. The items from the ADAS-cog13 were 

included in the PLS model described below, and the additional items were then considered 

for inclusion based on individual sensitivity to decline from literature references as 

described below.

ADCS data are publicly available under (http://www.adcs.org/). The ADCS cohort included 

the placebo group from the 3-arm NSAID study (24) and the placebo group from the 

Homocysteine study (25). The analysis included data from 162 patients in the pooled 

placebo group who had cognitive data at 18 months.

Additional data used in this analysis were obtained from the Alzheimer’s Disease 

Neuroimaging Initiative (ADNI) database (http://www.loni.ucla.edu/ADNI/). The ADNI 

cohort included multiple diagnostic groups: patients with AD, subjects with MCI, and 

healthy elderly (cognitively normal) participants. We used the June 4, 2013 sample 

including data from 156 mild patients who had cognitive data at 18 months.

The following two methods were used to create the aADAS-cog adapted scale: 1) PLS 

model using the Alzheimer’s disease cooperative study (ADCS) nonsteroidal anti-

inflammatory drug (NSAID) trial, the ADCS Homocysteine trial and the Alzheimer’s 

Disease Neuroimaging Initiative (ADNI) datasets and 2) individual item sensitivity to 

decline as reported in the literature.

Adapted ADCS-ADL (aADCS-ADL)

The Alzheimer’s Disease Cooperative Study – Activities of Daily Living (ADCS-ADL) 

scale (26) is an inventory of informant-based items to assess activities of daily living and 

instrumental activities of daily living. Informants were asked whether patients attempt each 

of 23 items in the inventory and, if so, to comment on their levels of performance. Each 

criterion is graded on the level of dependence: patient performs independently (3 points), 

patient performs with assistance (1–2 points), or patient is unable to perform (0 points). The 

level of ADL-dependence is graded via the sum of these item scores with a total score of 0 

indicating complete dependence and a total score of 78 indicating total independence.

The adapted ADCS-ADL (aADCS-ADL) included the complete set of items from ADCS-

ADL in the PLS model, where items were removed or reweighted to improve sensitivity to 

decline; items from other ADL scales, such as the DAD which was measured only in the 

ADNI study, were not considered in this adapted scale, due to minimal availability of data.
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The PLS model was applied to the pooled data from the ADCS NSAID study and ADCS 

Homocysteine study; however, the ADNI data was not used since the ADCS-ADL was not 

collected in that study.

Composite

The aADAS-cog and aADCS-ADL were combined to create one prospectively defined 

global composite referred to as “Composite.” A simple sum of the two adapted scores, using 

the weights obtained prior to scaling them to 100 points, was calculated for the Composite. 

This score was then scaled to a 100 point range. This approach equates the point values of 

the cognitive and functional components of the scale rather than weighting them equally.

Partial Least Squares Regression Method

The PLS model referred to above was fit using Proc PLS in SAS® v9.4, in order to identify 

the combination of either cognitive or functional items that correlated best with decline over 

time. The initial PLS models included change scores for all ADAS-cog13 or ADCS-ADL 

items as predictors and time since baseline as the response variable. The Variable 

Importance for Projection (VIP) statistic was calculated for each predictor in the model (27, 

28).The VIP summarizes the contribution a variable makes to the model; therefore, if a 

variable has a small value of VIP, then it is a prime candidate for deletion. The variable with 

the lowest VIP is dropped and the PLS model is run again (backward selection) continuing 

until all variables have a VIP of 0.5 or greater (27, 28). The optimized combination of items 

was designated as this final weighted item combination.

Test clinical data

Adapted and composite scales were developed for use in a randomized, placebo-controlled, 

parallel group, double-blind, multicenter phase II trial to assess the clinical and 

immunological activity as well as the safety and tolerability of repeated s.c. administrations 

of AFFITOPE® AD02 (AFF006, Clinical Trial Identifier: NCT01117818). Complete details 

on the study design, patient population, and vaccination application can be found in 

Schneeberger et al (29).

Comparison of adapted to traditional rating scales

Comparisons of adapted and composite scales to traditional scales for the same domains 

were used to assess the performance of the novel scales in the phase II study. The aADAS-

cog was compared to ADAS-cog11 for assessment of cognition, aADCS-ADL was 

compared to ADCS-ADL for assessment of function, and the Composite was compared to 

CDR-sb for a global measure of disease progression.

Any comparison of absolute means and standard deviations or means and standard 

deviations of change scores can be misleading, even if they are standardized to the total 

range of the scale since the range is somewhat arbitrary and only part of the range is actually 

relevant to this stage of disease. For these reasons, we compare only the MSDRs within each 

of the control groups to evaluate the ability of the scales to measure decline sensitively. The 

standardized treatment effects are also compared to test the assumption of proportionality of 
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treatment effects and also to see whether scales that are more sensitive to decline are also 

more sensitive to treatment effects, resulting in non-proportionality of treatment effects.

LSMean to Standard Deviation Ratios (LSMSDRs) for the 5 treatment groups from this 

phase II study were used to compare the sensitivity to decline of the scales. The expectation 

was that the MSDRs for the control group(s) or ineffective groups would be larger for the 

adapted scales than for the traditional scales, resulting in more power to see treatment effects 

based on the assumption of a proportional treatment effect. Additionally, the standardized 

treatment difference was compared between novel and traditional scales, using the decline in 

the comparison group(s) as the reference standard. A proportional treatment effect would be 

indicated with a similar percent slowing of progression in the active group versus the 

comparison group(s).

Post-Hoc analysis and resulting scales—After analyzing the phase II study, there 

was a concern that the Composite was potentially over weighting cognition at the expense of 

function. In addition, the CogState and NTB items had not been assessed in a historical 

dataset, leading to the following questions which were addressed post-hoc:

1. What effect did the CogState and NTB items have on the Composite and aADAS-

cog;

2. What was the impact of functional (aADCS-ADL) versus cognitive (aADAS-cog) 

weighting on the Composite?

Additional composite and adapted scales were derived to answer these questions as 

described in the following sections.

Adapted ADAS-cog 2: The Adapted ADAS-cog 2 (aADAS-cog 2) is a variation of the pre-

specified aADAS-cog that excludes CogState and NTB items and rescales the remaining 

items so that the range of the score is 0–100. This scale was calculated to investigate the 

effect that CogState and NTB items had on the pre-specified aADAS-cog.

Composite 2: Composite 2 is a variation of Composite that excludes CogState and NTB 

items while keeping the same individual item weights. This composite was created to 

investigate the effect of CogState and NTB items on the Composite.

Balanced Composite: The Balanced Composite is the sum of the aADAS-cog and aADCS-

ADL after each is scaled to 50 points resulting in equal weight for cognition and function.

Balanced Composite 2: Balanced Composite 2 is the sum of aADAS-cog 2 and aADCS-

ADL after each is scaled to 50 points resulting in equal weight for cognition and function.

Empirical Composite: A PLS model was fit to determine the optimal weighting of 

cognition (aADAS-cog 2) and function (aADCS-ADL). The aADAS-cog 2 and aADCS-

ADL were included in the PLS model and the derived weights were used to create the 

Empirical Composite. The CogState and NTB items were excluded since these items were 

not available in the historical data used to derive the weighting. This analysis resulted in a 

69% weighting of cognition and a 31% weighting of function.
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Comparisons of Scales: The additional scales of aADAS-cog 2 and Composite 2 were 

calculated to determine what effect the CogState and NTB items had on the pre-specified 

aADAS-cog and Composite. All other post-hoc composites were derived to investigate how 

different weights on cognition and function affect the performance of a composite score. 

These post-hoc scales were compared to the pre-specified aADAS-cog, aADCS-ADL, 

Composite and traditional scales using the same methods and statistics as above applied to 

the pooled historical datasets as well as the 5 groups from the phase II study.

Results

Weighted item combination for adapted ADAS-cog

The final PLS model identified six weighted items that efficiently measure decline based on 

the VIP criterion out of the 13 possible cognitive items after seven iterations, each of which 

removed one item from the adapted scale and optimally weighting the remaining items.

Based on this final model, it was determined that the best combination included the 

following ADAS-cog items: Word Recall, Orientation, Word Recognition, Recall 

Instructions, Spoken Language and Word Finding with weights shown in Table 1.

CogState items and Verbal Paired Associates Learning Immediate and Delayed Recall 

(VPAL) from NTB were not available in historic datasets, although they were available in 

the phase II study. Based on literature references, some of the items were determined to be 

sensitive to change and therefore likely to improve the sensitivity of the ADAS-cog 

combination (30, 31). However, since there was no way to determine the weights from 

historic datasets, the weight for these items was an average of the weights selected for other 

items, scaled based on the range of the new item. Weights of each item were then scaled, 

such that the range of the new adapted scale would be 0 to 100.

The aADAS-cog score is calculated by summing each item in the composite after the item 

has been multiplied by its associated weight. The weights for all ADAS-cog items (Table 1) 

were results from the PLS iterations and the other item weights were derived so as to give 

average weight to these items:

AdaptedADAS-cog (aADAScog) = 2.02 * Word Recall + 1.65 * Orientation + 1.74 * 

Word Recognition 0.68 * Recall Instructions + 0.99 * Spoken Language + 1.24 * Word 

Finding + 6.62 * ONB + 0.19 * VPAL + 0.24 * Category Fluency.

Weighted Item results from PLS for Adapted ADCS-ADL scale

The final model selected and assigned weights to 15 items from the 23 possible item 

options: 1) find his/ her personal belongings; 2) go shopping; 3) performs hobbies/pastimes; 

4) obtain a hot/cold beverage for him/herself; 5) make him/herself a meal or snack; 6) talk 

about current events; 7) watch television; 8) keep appointments; 9) get around (or travel) 

outside of his/ her home; 10) he/she left alone; 11) use a household appliance; 12) select 

his/her clothes for the day/ dressing; 13) read a magazine, newspaper or book; 14) use a 

telephone; and 15) write things down. The following items were excluded from the 
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composite: 1) eating, 2) walking, 3) toileting, 4) cleaning / clearing dishes 5) garbage/litter 

6) bathing 7) grooming and 8) conversation.

Weights of each item were scaled, such that the range of the composite is 0 to 100 (Table 1). 

The items that were included in the composite were used to calculate the adapted ADCS-

ADL by summing the items after individual weights have been applied:

aADCS-ADL = 1.54 * Belongings + 1.95 * Shopping + 1.24 * Hobbies + 2.10 * 

Beverage + 2.02 * Meal + 1.27 * Current events + 1.44 * TV + 1.83 * Keeping 

Appointments + 2.05 * Travel + 1.82 * Alone + 1.91 * Appliance + 2.72 * Clothes + 

1.97 * Read + 3.39 * Telephone + 1.83 * Writing.

Composite scale as a global primary study outcome

The composite primary outcome combines both the aADAS-cog and aADCS-ADL to create 

an outcome that is sensitive to decline in cognition and function. The weights of the items 

were rescaled so that Composite ranged from 0 to 100 (Table 1). The calculation for the 

Composite is as follows:

Composite = 1.66 * Word Recall + 1.35 * Orientation + 1.42 * Word Recognition + 

0.55 * Recall Instructions + 0.81 * Spoken Language + 1.01 * Word Finding + 5.42 * 

ONB + 0.15 * VPAL + 0.19 * Category Fluency + 0.28 * Belongings + 0.35 Shopping 

+ 0.23 * Hobbies + 0.38 * Beverage + 0.37 * Meal + 0.23 * Current Events + 1.26 * TV 

+ 0.33 * Keeping Appointments + 0.37 * Travel + 0.33 * Alone + 0.35 * Appliance + 

0.49 * Clothes + 0.36 * Read + 0.62 * Telephone + 0.33 * Writing.

The percent contribution for each item as well as for cognitive and functional items 

combined is shown in Table 1. The composite score was weighted higher for cognition than 

for function, due to the points on the cognitive scale reflecting smaller changes in the course 

of the disease than the points on the functional scale. This was also based on the stage of 

disease which was expected to have a larger decline in cognition than in function.

Adapted scales showed minimal or no improvement in the control group MSDRs

Since 4 of the treatment groups in the phase II test study performed similarly and one (2mg 

IMM-AD04) showed a decrease in the decline rate compared to the other 4, the 4 groups 

were then treated as “control” groups. This was supported by comparing the decline rates for 

the traditional scales in the historical pooled placebo mild data (ADCS placebo data from 2 

studies pooled with ADNI mild data) to the decline rates in the 4 ineffective treatment 

groups (Figure 1) and noting that the historical groups declined faster than these 4 groups. 

The IMM-AD04 2mg group was assumed to have a positive treatment effect, and the effect 

sizes in the IMM-AD04 2mg group were calculated relative to the 4 “control” groups. The 

expectation is that a treatment difference would be more easily detected with the adapted 

scales relative to the traditional scales, primarily due to a larger MSDR in the “control” 

groups.

MSDRs were similar between aADAS-cog and ADAS-cog11, and also between aADCS-

ADL and ADCS-ADL, indicating minimal, if any, improvement in precision of 

measurement of decline, or possibly an improvement in precision of measurement that was 
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counteracted by a milder patient population in the AFF006 study compared to the historical 

pooled mild patient population. This is supported by the observation that the MSDRs for the 

traditional scales were larger in the historical group compared to the AFF006 study. 

Alternatively, the reduced decline rate could be due to a small treatment effect in the 

“control” groups. The MSDR for the CDR-sb is consistently larger than for the composite 

score, indicating good precision in measurement of decline over time for the CDR-sb. This 

is consistent with historical studies that have shown that CDR-sb measures decline 

consistently and often more sensitively than other scales, even in a pre-dementia stage of 

disease.

Observed treatment differences were not proportional for adapted scales compared to 
traditional scales

Treatment effect sizes in the 2mg IMM-AD04 group compared to the “control” groups, as 

measured by the percentage slowing of decline, were larger for the adapted scales with 

effects of 36% to 53% for aADAS-cog compared to 32% to 51% for ADAS-cog11; 36% to 

44% for aADCS-ADL compared to 12% to 37% for ADCS-ADL; and 43% to 56% for the 

Composite compared to 19% to 37% for the CDR-sb (Table 2). The difference was 

especially large comparing the Composite to the CDR-sb, indicating that it has minimal 

sensitivity to group differences, some of which may be due to treatment effects.

The 2mg IMM-AD04 group demonstrated substantially smaller MSDRs (0.2263) than the 

“control” groups for the aADAS-cog (1 mg IMM-AD04: 0.6843, 25µg 1mg: 0.936, 25µg 

2mg: 0.523, and 75µg 2mg: 0.5595), the aADCS-ADL, Composite, the ADAS-cog11 and 

the ADCS-ADL (Table 2), consistent with a treatment effect or an unusually slowly 

declining group. The CDR-sb was the only scale that showed similar MSDR in the 2mg 

IMM-AD04 group (0.6452) and in the 4 comparison groups (1 mg IMM-AD04: 0.8051, 

25µg 1mg: 0.6984, 25µg 2mg: 0.7364, and 75µg 2mg: 0.5283).

Adapted scales sensitivity in mildest AD versus worse mild AD

Adapted scales were tested for their sensitivity within different disease stages by assessing 

patients at “less mild” (MMSE<23) and “mildest” (MMSE 23+) stages from the phase II 

clinical study (Table 3).

The adapted cognitive scale showed similar sensitivity within the “control” groups as 

measured by MSDR to the traditional scales within the mildest AD group and also within 

the less mild group, with the exception that the CDR-sb showed more sensitivity to decline 

within the less mild group for all 4 “control” groups. Cognitive scales, both adapted and 

traditional, showed similar decline rates in the mildest and less mild patient populations for 

all 4 “control” groups, but ADL scales were generally more sensitive to decline within the 

less mild group compared to the mildest group. The composite scale performed similarly in 

the mildest and less mild populations, due to its cognitive emphasis, but the CDR-sb 

declined more in the less mild group, similar to the ADL scales.

Treatment effects for the IMM-AD04 2mg group in the mildest subjects were strong for 

both adapted and traditional cognitive and functional scales, but the Composite had a much 

larger treatment effect than the CDR-sb. In the less mild subjects, no cognitive effects were 
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seen with either the aADAS-cog or ADAS-cog11, but the aADCS-ADL and the Composite 

had much larger treatment effects than the ADCS-ADL and the CDR-sb.

Post-Hoc Results—Additional scales of aADAS-cog 2 and Composite 2 were calculated 

to determine what effect the CogState and NTB items had on the pre-specified aADAS-cog 

and Composite. All other post-hoc composites, Balanced Composite, Balanced Composite 2 

and Empirical Composite, were derived to investigate how different weights on cognition 

and function affect the performance of a composite score.

Effect of CogState and NTB Items: Results were compared for the aADAS-cog versus the 

aADAS-cog 2 (which excluded CogState and NTB items). Effect sizes from the aADAS-cog 

ranged from 36 to 53%, with p-values between 0.022 and 0.254. Effect sizes from the 

aADAS-Cog 2 ranged from 101 to 102%, with p-values between 0.013 and 0.134.

Similar results are seen when comparing the results from the Composite and Composite 2 

(which excluded CogState and NTB items). Effect sizes from the Composite ranged from 43 

to 56%, with p-values between 0.032 and 0.227. Effect sizes from Composite 2 ranged from 

50 to 63%, with p-values between 0.005 and 0.108.

It appears that the presence of CogState and NTB items hurts the sensitivity to differences of 

the adapted and composite scales, although it improves (increases) the MSDR within the 

“control” groups.

Impact of functional versus cognitive weighting on the composite outcome: All post-hoc 

adapted and composite scales were assessed in the phase II data set and in the historic data 

(Table 4). Sensitivity to decline and to treatment effects was better for the Optimized 

Composite compared to Composite and Composite 2. The Balanced Composite and 

Balanced Composite 2 were not as sensitive to group differences as Composite and 

Composite 2, even though the MSDRs were higher for the balanced composites, suggesting 

better sensitivity to decline.

Discussion

We developed adapted cognitive, aADAS-cog, and functional, aADCS-ADL, scales as well 

as a composite score, Composite, combining both cognition and function, with the goal of 

establishing scales that are superior to existing ones in measurement of potential decline and 

treatment effects of patients with early AD. Using this approach, we found that optimizing 

scale assessment outcomes improved their performance over traditional scales for each 

domain by demonstrating minimal improvement in the MSDR and an increased signal that 

the active treatment group had over the “control” groups. The improvement in the MSDR 

was not as large as anticipated, partly due to bias issues, since the anticipated improvement 

in MSDR was based on obtaining and testing scales in the same data set. It may also be due 

to selection of a milder patient population for this study than the pooled mild population that 

was used for development of the adapted scales. Another possibility is that some of the 

treatment groups in this study that were assumed to have no effect may actually be 

demonstrating a slowing of clinical decline.
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The increase in treatment effect that was seen was contrary to the usual assumption of 

proportionality in the treatment effect that is the basis of most sample size calculations. One 

possible explanation for this increased effect is the possibility that a treatment that only 

affects AD related decline would be better able to demonstrate a treatment effect on an 

outcome that is targeted to AD specific decline. The smaller effect seen on the CDR-sb 

could be due to the CDR-sb measuring non-disease related decline such as normal aging 

complaints. An AD specific treatment effect would not be expected to slow these types of 

decline.

Both function and cognition were seen to change, with more cognitive change in the mildest 

patients, and almost no cognitive change in the less mild patients. More functional change 

was seen in the less mild patients but was also evident in the mildest half of the patients. The 

Composite combined cognition and function, but weighted the two unequally, based on 

assigning cognitive and functional points the same weight. Additional weighting was 

performed based on the empirically estimated weights of cognition (69%) and function 

(31%) as well as “balanced” weighting with 50% weight on cognition and 50% weight on 

function. The disease progression as measured with the Composite in the mild population 

investigated in this phase II clinical study may be influenced by an overweighting on 

cognition, however, this did not result in more sensitivity to detect treatment group 

differences. Changes in function were seen and weighting function equally with cognition 

resulted in similar, and somewhat stronger, detection of treatment effects, consistent with an 

AD specific effect rather than a cognition specific effect. The Empirical Composite detected 

treatment differences with the most sensitivity of any of the composites, presumably due to 

its weighting cognition and function based on natural weightings of these domains in this 

stage of disease.

To our knowledge, this is the first study to prospectively use optimized composites as 

primary endpoints and to demonstrate the superior power of optimized composites in early 

disease. It was interesting to note that inclusion of the CogState and NTB items in the 

aADAS-cog scale actually substantially decreased its power to detect group differences, 

supporting a strictly empirical approach over one based on combining empirical results with 

literature or expert opinion.

The PLS method employed in this work improves power of the outcome by eliminating 

items that don’t decline over time and optimally weighting declining items. It also 

incorporates principle component methodology to account for item correlation. Related 

methodologies to produce composite scores have been successfully applied including the 

ADAS Tree (32) and ADAS-cog revisited (33).

Historically, many developers of composite scales have assumed proportionality in the 

treatment effect with the use of more sensitive scales to measure AD, primarily to support 

statements about increases in power or decreases in sample sizes that could be expected with 

a more sensitive endpoint. This assumption would imply that the effect sizes would be 

similar across traditional and adapted scales, but that the p-values for treatment differences 

would be more significant for the adapted scales due to the increased sensitivity (increased 
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MSDR of the control group) of the adapted scales relative to the traditional scales. But this 

is not what is seen in this phase II study.

Based on the MSDRs of the “control” groups in this study, the adapted scores did not 

perform substantially better than the traditional scales, and in some cases performed worse, 

which was not too surprising due to the lack of correction for bias in the results of the 

historical data analysis. However, treatment effects measured were larger for adapted scales 

vs. traditional scales. This indicates that the impact of an optimized composite on the power 

of a study may depend more on the ability of the optimized scale to detect treatment effects 

than on the ability of the scale to measure disease related decline in the control or 

comparison group. The much larger group differences for the adapted scales and the 

composite compared to the traditional scales may be due to measuring more disease specific 

decline, calling into question the common assumption of proportional treatment effects.

These findings are consistent with the theories that led to the development of these adapted 

scales. For instance, if a treatment shows 20% slowing on a traditional scale that is 

comprised of 50% relevant item points and 50% irrelevant item points in the particular 

disease stage, it would be expected to increase to 40% slowing on an adapted scale that only 

includes the relevant points. In other words, a treatment effect wouldn’t be expected to 

impact the points on the scale that represent noise.

Carefully designed outcome measures for AD can make a big difference in the ability of a 

clinical study to detect true treatment effects. Current scales leave room for improvement 

even in a mild AD population, and would be even less effective in earlier stages of disease. 

Cognition and function are both changing at this stage of the disease, but appear to change at 

differing rates, bringing into question the idea that they should be similarly sensitive to 

change. Careful attention to measurement issues in clinical trials will result in improved 

power for detecting true treatment effects and, at the same time, more confidence in negative 

results.
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Figure 1. 
MSDR for Traditional and Composite Scales for AFF006 and Historic Data

MSDR change from baseline at 18 months. Composite 2 is Composite without CogState and 

NTB items. *Estimates for Pooled Historic are biased due to using same data set to derive 

and assess this scale.
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