SUPPLEMENTAL MATERIAL
Supplemental Appendix A: target and anchor measures
The target outcome measures for this analysis included the Clinical Dementia Rating Scale – Sum of Boxes (CDR-SB), the Alzheimer’s Disease Assessment Scale – Cognitive Subscale (ADAS-Cog), and the Mini-Mental State Examination (MMSE). The anchor measures for this analysis included the Global Deterioration Scale (GDS) and the Mild Cognitive Impairment–Clinical Global Impression of Change (MCI-CGIC). Table S-1 describes these measures in detail.
In brief, the CDR is a widely used instrument that assesses cognitive and functional abilities based on a semistructured interview with the patient and an informant or care partner to stage dementia severity (1,2). A clinician rates the patient in six cognitive and functional domains based on a semistructured interview of the patient and a reliable informant (e.g., a family member) (3). The CDR yields both a global score (0–3) and a CDR-SB score (0–18) representing the sum score of the six domain ratings. The global CDR score is a 5-point numeric rating scale, while the CDR-SB score can be used to stage patients with Alzheimer’s disease (AD) and to monitor progression within and between stages of dementia based on global CDR score. Higher scores indicate greater severity/impairment. CDR-SB scores have demonstrated, with reasonable accuracy, an ability to discriminate between patients with very early AD and those with MCI (4).
The ADAS-Cog is a performance-based assessment of cognitive function, widely used in AD clinical trials (5,6). The 11-item ADAS-Cog (ADAS-Cog 11), the original version of the ADAS-Cog, includes 11 patient-completed tasks, administered by a trained psychometrist. The ADAS-Cog total score ranges from 0–70; higher scores indicate more performance errors and greater dysfunction, and scores of at least 18 indicate cognitive impairment (5,7,8). The 13-item ADAS-Cog (ADAS-Cog 13) includes, with the original 11 tasks, a number cancellation task and a delayed free-recall task; the ADAS-Cog 13 total score for this modification ranges from 0–85 (9). The current analyses included both the ADAS-Cog 11 and ADAS-Cog 13.
The MMSE is an extensively used 30-point clinician-rated screening instrument for distinguishing cognitively impaired people from cognitively unimpaired aging people and for monitoring cognitive changes in an individual over time (10). The MMSE total score ranges from 0–30. Although a score of ≤ 23 has been recommended as an indicator of cognitive impairment (11), other suggested cut-offs adjusted for age, education, race, and literacy have been identified (12).
The GDS is a clinician-reported global impression of current cognitive functioning in patients with primary degenerative dementia, including AD (13). Results are reported as a single score ranging from 1 (no cognitive decline) to 7 (very severe cognitive decline [severe dementia]). 
The clinician-reported MCI-CGIC is a version of the commonly used Alzheimer’s Disease Cooperative Study-CGIC (14), modified for an MCI population. The MCI-CGIC yields a 7-point single score, determined by a clinician who considers the patient’s overall change in domains related to cognitive, behavioral, and functional activity since the beginning of a study without reference to other information, such as cognitive test results (15).


Table S-1.	Target and anchor clinical outcomes assessment measures
	Outcome measure, domains, and rating system
	Response scale/scoring

	Target measures
	

	CDR
· Memory
· Orientation
· Judgment & Problem Solving
· Community Affairs
· Home & Hobbies
· Personal Care

Clinician rated, based on a semistructured interview with the patient and a reliable informant (e.g., family member)
	5-point numeric rating scale:
· 0 = Normal
· 0.5 = Very mild dementia*
· 1 = Mild
· 2 = Moderate
· 3 = Severe dementia
CDR global score is based on the highest ranking and reported on a 0–3 scale (Morris, 1993) 
CDR-SB is the sum score of the six domain ratings and ranges from 0–18; higher scores indicate greater severity/impairment

	[bookmark: _heading=h.28h4qwu]ADAS-Cog
11-item and 13-item versions:
· Memory
· Language 
· Praxis 
· Orientation
The original ADAS-Cog included 11 tasks in these domains [1,14]; an expanded 13-item version included a number cancellation task and a delayed free-recall task [1]

Psychometrist administered and clinician rated
	11-item version: 
· Total score ranging from 0–70
· Scores of ≥ 18 indicate cognitive impairment
13-item version: 
· Total score ranging from 0–85
Higher scores indicate more performance errors and greater dysfunction†


	[bookmark: _heading=h.nmf14n]MMSE
· Orientation
· Memory
· Attention
· Language 
· Praxis
Psychometrist administered and clinician rated 
	· Total score ranges from 0–30
· Score of ≤ 23 is a general indicator of cognitive impairment
Higher scores indicate better cognitive functioning 

	Anchor measures
	

	GDS
Clinician’s global impression of the current status of cognitive function of patients with primary degenerative dementia, including AD

Clinician rated
	Single 7-point score:
1 = No cognitive decline
2 = Very mild cognitive decline (age-associated memory impairment)
3 = Mild cognitive decline (mild cognitive impairment) 
4 = Moderate cognitive decline (mild dementia)
5 = Moderately severe cognitive decline (moderate dementia)
6 = Severe cognitive decline (moderately severe dementia) 
7 = Very severe cognitive decline (severe dementia)

	[bookmark: _heading=h.37m2jsg]MCI-CGIC
ADCS-CGIC, modified for an MCI population 

Clinician’s global impression of a patient’s overall change in domains related to cognitive, behavioral, and functional activity since the beginning of a study, without reference to other information, such as cognitive test results to determine the single score

Clinician rated based on a semistructured interview with care partners     (s) and an examination of the patient
	Single 7-point score:
1 = Marked improvement
2 = Moderate improvement
3 = Minimal improvement
4 = No change
5 = Minimal worsening
6 = Moderate worsening
7 = Marked worsening


[bookmark: _Hlk106975428][bookmark: _Hlk106975555]AD, Alzheimer’s disease; ADAS-Cog = Alzheimer’s Disease Assessment Scale – Cognitive Subscale; ADCS-CGIC = Alzheimer’s Disease Cooperative Study–Clinical Global Impression of Change; CDR = Clinical Dementia Rating Scale; CDR-SB = Clinical Dementia Rating Scale – Sum of Boxes; GDS = Global Deterioration Scale; MCI-CGIC = Mild Cognitive Impairment–CGIC; MMSE = Mini-Mental State Examination.
* A rating of 0.5 was originally considered to indicate questionable dementia but has been reconceptualized as prodromal or very mild dementia. 
† The current analyses included both the 11-item and 13-item versions of the ADAS-Cog and treated missing data due to cognitive and/or physical issues as the worst response score. Furthermore, if after application of this rule, any domain score was missing, the subsequent total score was set to missing.

Supplemental Appendix B: Distribution-based analyses
Methods
[bookmark: _heading=h.1mrcu09]Supportive distribution-based meaningful-change thresholds were estimated using one-half standard deviation (half SD) at baseline, standard error of measurement (SEM), standard error of difference (Sdiff), and reliable change (RC) approaches (16,17,18,19). Test-retest analysis was conducted to provide reliability estimates for the computation of the reliability-based thresholds (SEM and RC). 
The one-half SD is a commonly used, distribution-based method to define minimally important differences in clinical outcome assessment research (20,21). The one-half SD at baseline, which corresponds to a moderate effect size, and the 0.2-SD at baseline, which corresponds to a small effect size, were used to provide supportive threshold estimates characterizing improvement on an endpoint.
The SEM, as recommended by Wyrwich et al., (1999), was also computed using the following formula:

,
where the SD was the SD of an endpoint score at baseline and r was a test-retest reliability estimate. Because it includes reliability (r), this distribution-based estimate explicitly considers measurement precision and presents average random error unexplained by the measured construct. In classical test theory, the SEM has the theoretical distinction of being relatively consistent across the range of a measure and hence is relatively stable across samples (22,23). 
In addition, standard error of difference () between two assessments (24) was computed as follows:
  SEM.
The two assessment time points were selected based on review of the descriptive statistics (baseline with Month 6, 12, or 36).
The RC was also calculated to obtain a more conservative estimate, as recommended by Hays et al., (2005):
RCI = 1.96 SEM
A change above one SEM has an approximately 48% chance of being within the measurement error of difference between two assessments distributing as Normal (0, ); a change above one  reduces this chance to 32%, and a change above one RC index (RCI) further reduces it to 5%.
Results
The distribution-based threshold estimates are provided in Table S-3 for the CDR-SB, in Table S-4 for the ADAS-Cog 11 and ADAS-Cog 13, and in Table S-5 for the MMSE. For the CDR-SB within-patient changes, the thresholds based on half SD at baseline provided the smallest values and the RCI values were the largest (Table S-2). For the ADAS-Cog measures, estimates ranged from 2.19–7.12 for the ADAS-Cog 11 and from 2.98–8.25 for the ADAS-Cog 13. For the ADAS-Cog evaluations, the values based on the half-SD and SEM methods, the most commonly applied distribution-based methods were similar, while the RCI estimates were considerably higher (Table S-4). For the MMSE, distribution-based estimates ranged from 0.92–3.70 (Table S-5).
[bookmark: _heading=h.46r0co2]Table S-2.	Interpretation of change: Distribution-based results
	Baseline measure
	Overall

	CDR-SB
	

	Half-SD
	0.39

	SEM
	0.45

	Sdiff
	0.63

	RCI
	1.24

	ADAS-Cog 11
	

	Half-SD
	2.19

	SEM
	2.57

	Sdiff
	3.63

	RCI
	7.12

	ADAS-Cog 13
	

	Half-SD
	3.04

	SEM
	2.98

	Sdiff
	4.21

	RCI
	8.25

	MMSE
	

	Half-SD
	0.92

	SEM
	1.33

	Sdiff
	1.89

	RCI
	3.70


[bookmark: _Hlk106974807]ADAS-Cog = Alzheimer’s Disease Assessment Scale – Cognitive Subscale; CDR-SB = Clinical Dementia Rating Scale – Sum of Boxes; MMSE = Mini-Mental State Examination; RCI = reliable change index; SD = standard deviation; Sdiff = standard error of difference; SEM = standard error of measurement.




Supplemental Appendix C: Cumulative distribution function and probability density function plots
Empirical cumulative distribution functions (CDFs) and probability density functions (PDFs) represent different visualizations of the distribution of patients (i.e., empirical percentages and smoothed densities), achieving a given change from baseline in an endpoint at every change level of an anchor measure. Empirical CDF plots optimally aid in evaluating the risk of misclassification of a chosen threshold, while PDF plots provide intuitive evidence for a viable anchor measure. PDF plots portray smoothed distributions of the target outcome’s score change by levels of changes in an anchor measure; graphically, the outcome’s change score is represented on the horizontal axis and the estimated kernel density of each change score is represented on the vertical axis. For both plots, less overlap in the curves is preferred and indicates greater difference between the score distributions of different anchor levels, hence greater ability of a chosen threshold to differentiate responders and nonresponders.
Figures S-1A and 1B present CDF curves for the changes in target measures from baseline to Month 12 by MCI-CGIC levels. The progression of score changes in ADAS-Cog 11 and ADAS-Cog 13 by MCI-CGIC levels are as expected (Figures S-1A and 1B), showing that approximately 40% of the participants in the moderate-worsening group  had a more than 4-point increment on the ADAS-Cog 11 and a more than 5-point increment on the ADAS-Cog 13, in contrast to less than 20% in each of the less or no worsening groups for both end points. Figures S-1C–S-1G provide the CDF curves for changes on the target measures from baseline to Month 12 or Month 36 by levels of change on the GDS. The proposed thresholds for the GDS and the ADAS-Cog still showed clear between-group differences. For the MMSE change from baseline to Month 36 by levels of change on the GDS, approximately 50% of the participants with 2-point worsening on the GDS had a reduction of at least 6-points compared with approximately 20% or less in each of the less or no worsening groups. 
The PDF plots shown in Figures S-2 and S-3 provide complementary information to the CDF. Overall, both plots provide visual confirmation of the appropriateness of the anchor measures and a visual representation of the threshold estimates presented in Table 5 of the main article.
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Figure S-1. Cumulative distribution function plots of target measures by anchor measures
A. Change in ADAS-Cog 11* from baseline to Month 12, by MCI-CGIC
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B. Change in ADAS-Cog 13* from baseline to Month 12, by MCI-CGIC
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C. Change in CDR-SB† from baseline to Month 12, by change in GDS
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D. Change in CDR-SB from baseline to Month 36, by change in GDS
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E. Change in ADAS-Cog 11† From baseline to Month 36, by change in GDS
[image: Chart, histogram

Description automatically generated]

F. Change in ADAS-Cog 13† from baseline to Month 36, by change in GDS
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G. Change in MMSE† from baseline to Month 36, by change in GDS
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ADAS-Cog 11 = 11-item Alzheimer’s Disease Assessment Scale – Cognitive Subscale; ADAS-Cog 13 = 13-item ADAS-Cog; CDF = cumulative distribution function; CDR = Clinical Dementia Rating Scale; GDS = Global Deterioration Scale; MCI-CGIC = Mild Cognitive Impairment–Clinical Global Impression of Change; MMSE = Mini-Mental State Examination.
Note: Median values are plotted as the crossed points of the 50% horizontal dotted line and the CDF curves (stepped lines). The shading bands around CDF curves denote 95% confidence limits of the target measure change score in the “no change”, “minimal worsening”/”1-point worsening”, and “moderate worsening”/”2-point worsening” groups (if each n > 5). 
* The plotting range of the x-axis is from the Month 12 minimum change of the “moderate improvement” group to the Month 12 maximum change of “moderate worsening” group for the corresponding target measure.
† The plotting range of the x-axis is from the Month 36 minimum change of the "2-point improvement" group to the Month 36 maximum change of "2-point worsening" group for the corresponding target measure.



Figure S-2. Probability density function plots of target outcome measures by MCI-CGIC
A. Change in CDR-SB from baseline to Month 12, by MCI-CGIC 
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B. Change in ADAS-Cog 11 from baseline to Month 12, by MCI-CGIC
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C. Change in ADAS-Cog 13 from baseline to Month 12, by MCI-CGIC
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Description automatically generated] ADAS-Cog 11 = 11-item Alzheimer’s Disease Assessment Scale – Cognitive Subscale; ADAS-Cog 13 = 13-item ADAS-Cog; CDR = Clinical Dementia Rating Scale; MCI-CGIC = Mild Cognitive Impairment–Clinical Global Impression of Change.
Note: Vertical lines denote means of the target measure change score in the “no change”, “minimal worsening”, and “moderate worsening” groups (if each n > 5).
The plotting range of the x-axis is from the Month 12 minimum change of the "moderate improvement" group to the Month 12 maximum change of "moderate worsening" group for the corresponding target measure.


Figure S-3 Probability density function plots of target outcome measures by GDS
A. Change in CDR-SB from baseline to Month 12, by change in GDS
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B. Change in CDR-SB from baseline to Month 36, by change in GDS
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C. Change in ADAS-Cog 11 from baseline to Month 36, by change in GDS
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D. Change in ADAS-Cog 13 from baseline to Month 36, by change in GDS
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E. Change in MMSE Total from baseline to Month 36, by change in GDS
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Description automatically generated] ADAS-Cog 11 = 11-item Alzheimer’s Disease Assessment Scale – Cognitive Subscale; ADAS-Cog 13 = 13-item ADAS-Cog; CDR = Clinical Dementia Rating Scale; GDS = Global Deterioration Scale; MMSE = Mini-Mental State Examination.
Note: Vertical lines denote means of the target measure change score in the “no change”, ”1-point worsening”, and ”2-point worsening” groups (if each n > 5). 
The plotting range of the x-axis is from the Month 36 minimum change of the "2-point worsening" group to the Month 36 maximum change of "2-point improvement" group for the corresponding target measure.
Supplemental Appendix D: Additional descriptive statistics for the anchor measures
Figure S-4. Summary of anchor measures 
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Table S-3. Descriptive statistics for the GDS
	
	Response frequency, n (%)

	Measure/time point
	n
	Mean (SD)
	No cognitive decline
(0)
Stage 1
	Very mild cognitive decline
(1)
Stage 2
	Mild cognitive decline
(2)
Stage 3
	Moderate cognitive decline
(3)
Stage 4
	Moderately severe cognitive decline
(4)
Stage 5
	Severe cognitive decline
(5)
Stage 6
	Very severe cognitive decline
(6)
Stage 7

	GDS
	
	
	
	
	
	
	
	
	

	Baseline
	769
	2.67 (0.57)
	2 (0.3)
	288 (37.5)
	439 (57.1)
	40 (5.2)
	0 (0)
	0 (0)
	0 (0)

	Baseline (participants with BL and Month 6 scores)
	657
	2.69 (0.58)
	2 (0.3)
	238 (36.2)
	380 (57.8)
	37 (5.6)
	0 (0)
	0 (0)
	0 (0)

	Baseline (participants with BL and Month 12 scores)
	611
	2.69 (0.58)
	2 (0.3)
	220 (36.0)
	353 (57.8)
	36 (5.9)
	0 (0)
	0 (0)
	0 (0)

	Baseline (participants with BL and Month 36 scores)
	478
	2.70 (0.58)
	2 (0.4)
	168 (35.1)
	281 (58.8)
	27 (5.6)
	0 (0)
	0 (0)
	0 (0)

	Month 6
	657
	2.75 (0.66)
	5 (0.8)
	229 (34.9)
	354 (53.9)
	66 (10.0)
	3 (0.5)
	0 (0)
	0 (0)

	Month 12
	611
	2.84 (0.73)
	6 (1.0)
	198 (32.4)
	300 (49.1)
	102 (16.7)
	5 (0.8)
	0 (0)
	0 (0)

	Month 36
	478
	3.23 (1.13)
	9 (1.9)
	134 (28.0)
	165 (34.5)
	91 (19.0)
	68 (14.2)
	11 (2.3)
	0 (0)


BL = baseline; GDS = Global Deterioration Scale; SD = standard deviation.
Note: The percentage with nonmissing responses is based on the number of participants with a nonmissing value at the time point of interest.
[bookmark: _heading=h.3l18frh]Supplemental Appendix E: Correlations between changes in target and outcome measures
Table S-4.	Correlations between changes in target and anchor measures
	Change/time point
	Correlation coefficient with anchor measures

	
	GDS change
	MCI-CGIC

	Month 6
	(n = 651–656)
	(n = 645–650)

	CDR global
	0.19
	0.22

	CDR-SB
	0.36
	0.37

	ADAS-Cog 11
	0.15
	0.09

	ADAS-Cog 13
	0.16
	0.15

	MMSE Total
	–0.15
	–0.19

	Month 12
	(n = 602–609)
	(n = 587–591)

	CDR global
	0.42
	0.41

	CDR-SB
	0.50
	0.53

	ADAS-Cog 11
	0.19
	0.32

	ADAS-Cog 13
	0.20
	0.34

	MMSE Total
	–0.22
	–0.27

	Month 36
	(n = 468–476)
	

	CDR global
	0.68
	

	CDR-SB
	0.74
	

	ADAS-Cog 11
	0.51
	

	ADAS-Cog 13
	0.51
	

	MMSE Total
	–0.60
	


ADAS-Cog 11 = 11-item Alzheimer’s Disease Assessment Scale – Cognitive Subscale; ADAS-Cog 13 = 13-item ADAS-Cog; CDR = Clinical Dementia Rating Scale; CDR-SB = Clinical Dementia Rating Scale – Sum of Boxes; GDS = Global Deterioration Scale; MCI-CGIC = Mild Cognitive Impairment–Clinical Global Impression of Change; MMSE = Mini-Mental State Examination.
Note: Pearson correlation coefficients were computed for the GDS change and polyserial correlation coefficients for the MCI-CGIC.
Supplemental Appendix F: Progressor analysis
Table S-5.	Progressors at Month 12 based on the proposed thresholds, overall population
	Outcome
	N
	Based on selected “minimal deterioration” threshold 
	Based on selected “moderate deterioration” threshold

	CDR-SB
	
	Threshold: 1-point increase
	Threshold: 2.5-point increase

	Overall
	605
	165 (27.3%)
	39 (6.4%)

	Placebo
	212
	64 (30.2%)
	18 (8.5%)

	Donepezil
	184
	46 (25.0%)
	6 (3.3%)

	Vitamin E
	209
	55 (26.3%)
	15 (7.2%)

	ADAS-Cog 11
	
	Threshold: 2-point increase
	Threshold: 4-point increase

	Overall
	607
	213 (35.1%)
	118 (19.4%)

	Placebo
	211
	77 (36.5%)
	42 (19.9%)

	Donepezil
	187
	60 (32.1%)
	31 (16.6%)

	Vitamin E
	209
	76 (36.4%)
	45 (21.5%)

	ADAS-Cog 13
	
	Threshold: 2-point increase
	Threshold: 5-point increase

	Overall
	607
	241 (39.7%)
	122 (20.1%)

	Placebo
	211
	85 (40.3%)
	43 (20.4%)

	Donepezil
	187
	70 (37.4%)
	34 (18.2%)

	Vitamin E
	209
	86 (41.1%)
	45 (21.5%)

	MMSE
	
	Threshold: 2-point reduction
	Threshold: 7-point reduction

	Overall
	609
	172 (28.2%)
	12 (2.0%)

	Placebo
	214
	70 (32.7%)
	5 (2.3%)

	Donepezil
	186
	46 (24.7%)
	3 (1.6%)

	Vitamin E
	209
	56 (26.8%)
	4 (1.9%)


ADAS-Cog 11 = 11-item Alzheimer’s Disease Assessment Scale – Cognitive Subscale; ADAS-Cog 13 = 13-item ADAS-Cog; CDR-SB = Clinical Dementia Rating Scale – Sum of Boxes; MMSE = Mini-Mental State Examination.
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