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Abstract
BACKGROUND: Consensus is lacking on what constitutes 
a meaningful score change for individual patients on clinical 
outcome assessments (COAs) that are commonly used in clinical 
trials of Alzheimer’s disease. Such thresholds are one important 
approach to help contextualize trial results and demonstrate 
meaningful treatment benefit. 
OBJECTIVES: To estimate meaningful within-patient change 
thresholds for the Clinical Dementia Rating Scale – Sum of 
Boxes (CDR-SB), Alzheimer ’s Disease Assessment Scale – 
Cognitive Subscale (ADAS-Cog), and the Mini-Mental State 
Examination (MMSE) among participants with mild cognitive 
impairment (MCI).
DESIGN: Retrospective anchor- and distribution-based analyses 
of data from the ADC-008 (NCT00000173) study were used to 
estimate thresholds for meaningful within-patient change on the 
target measures.
SETTING: Analyses were conducted using data from ADC-008 
a Phase III, multicenter, randomized, double-blind, placebo-
controlled, parallel-group study among participants with 
the amnestic subtype of MCI, which was conducted by the 
Alzheimer’s Disease Cooperative Study (ADCS) between March 
1999 and January 2004 in the United States and Canada.
PARTICIPANTS: Analyses were based on 769 eligible 
participants who completed the baseline assessment from 69 
ADCS sites in the United States and Canada.
MEASUREMENTS: The target outcome measures for this 
analysis included the CDR-SB, the ADAS-Cog, and the MMSE. 
The anchor measures for this analysis included the Global 
Deterioration Scale and the MCI–Clinical Global Impression of 
Change.
RESULTS: Focusing on the 12-month time point, within-patient 
increases of 1–2.5 points in the CDR-SB and increases of 2–5 
points on the 11-item ADAS-Cog and 13-item ADAS-Cog, on 
average, reflect minimal-to-moderate levels of deterioration, 
respectively.
CONCLUSIONS: These thresholds may be useful to aid the 
interpretation of Alzheimer ’s disease clinical trial data by 
illustrating meaningful within-patient progression over the 
course of a clinical trial via supplementary progressor analyses, 
which may in turn be informative for treatment decisions. 
Estimates generated via these methods are specifically intended 
to evaluate within-patient change and are not intended to assess 
the magnitude and meaningfulness of differences between 
group-level changes over time. 

Key words: Alzheimer’s disease, clinical outcome assessment, 
endpoint, mild cognitive impairment, meaningful change, clinically 
important, ADC-008.

Introduction

Clinical outcome assessments (COAs) of cognition 
and/or function, such as the Clinical Dementia 
Rating Scale (CDR), the Alzheimer’s Disease 

Assessment Scale – Cognitive Subscale (ADAS-Cog), 
and the Mini-Mental State Examination (MMSE), are 
commonly used in Alzheimer’s disease (AD) clinical trials 
to assess the efficacy of therapeutic interventions (1). Trial 
endpoints typically assess the statistical significance of 
changes from baseline in COA scores between treatment 
groups; however, supplementary approaches may 
be useful to convey meaningful clinical benefit at an 
individual patient level (2). One approach to demonstrate 
tangible within-patient benefit is to report the proportion 
of patients who meaningfully deteriorate (“progressor”) 
within treatment arms over the course of a study. This 
information may be useful to help convey the clinical 
relevance of a statistically significant treatment effect 
to key audiences, including PLWA (people living with 
AD) and their families, clinicians, healthcare regulators, 
and payers. However, consensus is lacking on what 
constitutes a clinically meaningful within-patient score 
change on COAs frequently used in AD clinical trials, 
and studies employing anchor- and distribution-based 
methods to define meaningful benefit are limited (2-6). 
Anchor-based methods are preferred by regulatory 
authorities, as they rely on a clinician’s, patient’s, or 
observer’s (often care partner’s) rating of meaningful 
decline on the selected anchor measure (e.g., a global 
outcome measure), in contrast to distribution-based 
methods that are based on statistical approaches alone (3, 
5, 7).   

In a workshop document (7) prepared as part 
of the development of the Patient Focused Drug 
Development guidance series (8), the US Food and Drug 
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Administration (FDA) distinguished between thresholds 
used to define within-patient meaningful change and 
between-group minimum important difference. The FDA 
recommend that determining the clinical meaningfulness 
of a change is best determined at the individual level 
and have proposed methods to generate appropriate 
thresholds (7). Specifically, the “FDA recommends the use 
of anchor-based methods … to establish a threshold(s), or 
a range of thresholds, that would constitute a meaningful 
within-patient change score of the target COA… for the 
target patient population” (7). Importantly, they do not 
advocate for these thresholds to be applied to assess the 
clinical meaningfulness of a difference in mean score 
change between two treatment groups. “It is important 
to recognize that individual within-patient change is 
different from between group difference. The between-
group difference is the difference in the score endpoint 
between two trial arms that is commonly used to evaluate 
treatment difference. Between-group differences do not 
address the individual within-patient change that is 
used to evaluate whether a meaningful score change is 
observed” (7). 

Existing literature provides estimates of meaningful 
change for some standard AD measures (9-11), but the 
methods and terminology used for defining meaningful-
change thresholds—also described as responder 
thresholds, within-patient meaningful changes, minimal 
clinically important differences, or minimal important 
differences—vary, and often do not specify whether 
thresholds pertain to the individual or group level. 
Estimates of meaningful change may also differ according 
to the stage of AD (12) and based on the sample from 
which they are estimated, which is important to consider 
when selecting an appropriate threshold to apply to a 
specific clinical trial population. 

Most recently, Andrews et al. (12) employed anchor- 
and distribution-based methods to estimate thresholds of 
meaningful within-patient change as defined by clinician 
assessment of meaningful decline over, on average, a 
1-year period in a large cohort of participants ranging 
from normal cognition to moderate-to-severe AD (clinical 
diagnosis, no biomarker confirmation). Clinicians rated 
whether a patient had observed a meaningful decline 
(yes/no) in memory, nonmemory cognitive abilities, 
behavior, ability to manage affairs, or motor/movement 
changes relative to previously attained abilities. It was 
assumed that the clinician’s assessment of a meaningful 
change was relative to the visit immediately preceding 
the time of evaluation. Estimates for within-patient 
meaningful deterioration generally increased with disease 
severity and ranged from 1- to 3-point decreases on 
the MMSE, 1- to 2-point increases in the CDR – Sum 
of Boxes (CDR-SB), and 3- to 5-point increases in the 
Functional Activities Questionnaire. There are some 
potential limitations of this type of analysis. Firstly, the 
use of a binary anchor meant that a threshold could only 
be determined for overall deterioration, rather than for 

different magnitudes of deterioration (i.e., a “minimal” 
vs “moderate” level of deterioration as determined by a 
clinician global rating based on observational interview). 
Additionally, the item on motor-related changes was used 
as part of the main anchor analysis. While motor changes 
can occur in AD, they are not considered core symptoms 
and therefore are more distal to the concept of interest 
(13). 

The focus of the current study was to identify 
meaningful within-patient change thresholds to 
indicate meaningful progression among patients with 
mild cognitive impairment (MCI) using two candidate 
anchors: a clinician-rated retrospective change anchor and 
prospective severity anchor. In the context of this analysis, 
a progressor refers to a patient who has worsened by a 
magnitude indicative of meaningful deterioration on the 
COA of interest, specifically, the CDR-SB, the ADAS-Cog, 
and MMSE. This analysis adds to the growing literature 
on this important topic and provides robust within-
patient estimates based on multiple anchors (prospective 
severity and retrospective change) and multiple levels of 
change (minimal and moderate), providing additional 
granularity beyond previous analyses. 

Methods

Data source

Analyses were conducted using data from ADC-008 
(NCT00000173), a Phase III, multicenter, randomized, 
double-blind, placebo-controlled, parallel-group study 
among participants with the amnestic subtype of MCI 
(14). ADC-008 was conducted by the Alzheimer’s Disease 
Cooperative Study (ADCS) between March 1999 and 
January 2004 in the United States and Canada with three 
arms to evaluate the efficacy of vitamin E or donepezil 
versus placebo over 3 years in reducing the rate of 
progression from MCI to AD. Key inclusion criteria 
of the ADC-008 study were an age of 55–90 years, an 
MMSE score of 24–30, a CDR Global Score of 0.5, and 
a Logical Memory delayed-recall score approximately 
1.5–2 standard deviations (SDs) below an education-
adjusted norm. While the study reported no statistically 
significant differences in progression to AD with 
vitamin E or donepezil relative to placebo during the 
3-year study, prespecified analyses by 6-month treatment 
intervals showed a significant reduction in the likelihood 
of progression in the donepezil versus placebo groups 
during the first 12 months. ADC-008 was selected for this 
analysis because it included an appropriate participant 
population, two candidate anchor measures and the 
target outcomes of interest, and the data were publicly 
available. The main analyses included the complete study 
population. 
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Outcome measures

Target measures

The target outcome measures for this analysis included 
the CDR-SB, the ADAS-Cog, and the MMSE (Table S-1, 
Supplemental Appendix A). The CDR is used to assess 
cognitive and functional abilities in six domains, based 
on a semi-structured interview with the PLWA and an 
informant or care partner to stage dementia severity. 
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. Higher scores indicate greater severity/
impairment (15,16). The ADAS-Cog is a performance-
based assessment of cognitive function (17, 18). The 
11-item ADAS-Cog (ADAS-Cog 11) includes 11 patient-
completed tasks. The ADAS-Cog 11 total score ranges 
from 0–70; higher scores indicate greater dysfunction, and 
scores of at least 18 indicate cognitive impairment (17, 19, 
20). The 13-item ADAS-Cog (ADAS-Cog 13) includes 13 
tasks; the ADAS-Cog 13 total score for this modification 
ranges from 0–85 (21, 22). The MMSE is a 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. The MMSE total score ranges from 
0–30; higher scores indicate better cognitive functioning 
(23).

Anchor measures

The anchor measures for this analysis included the 
Global Deterioration Scale (GDS) and the MCI–Clinical 
Global Impression of Change (MCI-CGIC) (Appendix 
A Table S-1). The GDS is a clinician-reported global 
impression of current cognitive functioning in people 
with primary degenerative dementia, including AD 
(24); scores range from 1 (no cognitive decline) to 7 
(very severe cognitive decline [severe dementia]). The 
clinician-reported MCI-CGIC is a modified version of 
the commonly used ADCS-CGIC (25), for use in an MCI 
population. The MCI-CGIC is scored on a 7-point scale 
(1 = marked improvement to 7 = marked worsening) 
reflecting the patient’s overall change in cognitive, 
behavioral, and functional domains (26).

Analyses

An anchor-based approach was the primary method 
used to estimate thresholds for meaningful within-patient 
change on the target measures; supportive, distribution-
based analyses are described in Supplemental Appendix 
B. Analyses were conducted on data at baseline, Months 
6, 12, and 36. Responsiveness correlation analyses 
between change in the target measures and change in 
the anchor measures were conducted to evaluate the 
appropriateness of each candidate anchor. A correlation 

strength greater than or equal to 0.3 (27-29) is considered 
appropriate for anchor-based analyses. Anchor-based 
estimates based on descriptive statistics were calculated 
for all time points with responsiveness correlations at 
least 0.3, but greater weight was placed on the estimates 
from time points where stronger relationships were 
observed. In addition, estimates based on mixed models 
for repeated measures results were computed using 
all available data from Months 6, 12, and 36 to predict 
the endpoint changes based on the anchor changes. 
Least squares mean change scores of a target measure 
corresponding to a prespecified anchor level were 
estimated in mixed models for repeated measures using 
the change in a target COA as the dependent variable, an 
anchor measure as a categorical predictor, and time as a 
categorical covariate.  

These anchor-based analyses were conducted to 
identify thresholds of meaningful score change (mainly 
based on mean or median score change on the CDR-SB 
from participant subgroups) associated with clinician-
rated minimal and moderate levels of disease worsening/
severity. Minimal worsening was anchored using the 
“minimal-worsening” category on the MCI-CGIC or 
a 1-point worsening from any category on the GDS. 
Moderate worsening was anchored using a “moderate-
worsening” category on the MCI-CGIC or a 2-point 
worsening from any category on the GDS. 

One-half  SD at  basel ine,  standard error of 
measurement, standard error of difference, and 
reliable change index were computed as supportive 
distribution-based estimates to quantify measurement 
error (see Supplemental Appendix B). Test-retest analysis 
was conducted to provide reliability estimates for the 
computation of standard error of measurement, standard 
error of difference, and reliable change index. Due to 
the study inclusion criterion (i.e., requirement of MMSE 
scores ≥ 24) and the limited baseline variability, these 
estimates for the MMSE should be considered with 
caution.

Finally, empirical cumulative distribution functions 
(CDFs) were presented to support the estimation of 
within-patient change thresholds. Empirical CDF plots 
optimally aid in evaluating the risk of misclassification of 
a chosen threshold; less overlap in the curves is preferred 
and indicates greater difference between the change score 
distributions of different anchor levels, hence greater 
ability of a chosen threshold to differentiate progressors 
and non-progressors. Supportive probability density 
functions (PDFs) also were plotted and are presented in 
Supplemental Appendix C.

Results

Participant characteristics

Analyses were based on 769 eligible participants who 
completed the baseline assessment from 69 ADCS sites 
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in the United States and Canada (Table 1). The overall 
sample at baseline had an average (SD) age of 72.9 years 
(7.3 years); 46% were female and 55% carried one or 
more Apolipoprotein E ε4 allele. By the end of the study 
(Month 36), 296 participants were lost to follow-up, 
leaving 473 participants available for analyses across all 
time points. Compared with the total baseline population, 
the 473 participants with complete follow-up had a 
similar baseline age, though there was a slightly lower 
proportion of females (42%). By the end of the 3-year 
follow-up, 30% of the sample obtained CDR Global Scores 
> 0.5, indicating clinical progression (25% with a CDR 
Global Score of 1 indicating mild AD and 5% with a score 
of 2 indicating moderate AD), while 4% had CDR Global 
Scores of 0 at Month 36, indicating clinical improvement.

  
Descriptive statistics and test-retest reliability 
for target measures

Overall, baseline scores on the target measures were 
indicative of a population with MCI. Some level of 
deterioration in scores on the CDR-SB, ADAS-Cog 11 
and ADAS-Cog 13, and MMSE, indicative of disease 
progression, were observed for 61.5% of participants (473 
of 769) remaining in the study at Month 36 (Table 2). 

There was no evidence of floor or ceiling effects, with 
the exception of the MMSE. At baseline, MMSE total 
scores were concentrated near the highest (best) end of 
the 0-to-30 range, and 12.2% of participants achieved the 
maximum score (indicative of a ceiling effect) at baseline. 
Although mean MMSE total scores showed slight 
deterioration from baseline (mean [SD]: 27.27 [1.85]) to 
Month 36 (25.28 [4.79]), the ceiling (best score) percentage 
increased to 15.2% overall by Month 36 for participants 
remaining in the study.

To obtain the test-retest reliability estimate, intraclass 
correlation coefficients (ICCs) were computed using 
scores from baseline and Month 6 in the subset of 

participants with a Month 6 MCI-CGIC rating of “no 
change.” Results were supportive of adequate test-retest 
reliability for the CDR-SB, ADAS-Cog 11, and ADAS-
Cog 13, with ICC values (CDR-SB, 0.68; ADAS-Cog 11, 
0.66; ADAS-Cog 13, 0.76) close to or above the commonly 
applied threshold of 0.70 (29). ICC values for the MMSE 
were low (0.48), likely due to the ceiling effect of scores 
and explained by the fact that participants were required 
to have an MMSE score ≥ 24 at baseline. 

Descriptive statistics for anchor measures

At baseline, most participants were rated as Stage 2 
(37.5%) or Stage 3 (57.1%) on the GDS, indicating very 
mild cognitive impairment or MCI, respectively (Table 
2; Figure S-4 and Table S-3 in Supplemental Appendix 
D present additional details). During follow-up, 
a small percentage of these participants improved to 
Stage 1 (e.g., 1.9% had no cognitive decline at Month 36, 
compared with 0.4% at baseline in 478 participants with 
scores at both time points), while a larger percentage 
of participants progressed to Stages 4–6 (e.g., 35.5% 
moderate-to-severe cognitive decline at Month 36, 
compared with 5.6% at baseline in participants with 
scores at both time points). 

The MCI-CGIC was assessed at Months 6 and 12 only 
(Table 2). By Month 12, most participants were reported 
as experiencing no change (49.6%) or minimal worsening 
(32.4%) when compared with the beginning of the study; 
7.3% had moderate worsening (Appendix D Figure S-4).

Thresholds for meaningful change

The changes in both anchor measures had a correlation 
strength above 0.30 with CDR-SB changes at Months 
6, 12, and 36, confirming adequacy for anchor-based 
analyses (see Table S-4 in Supplemental Appendix E). For 
the ADAS-Cog, the strength of the correlations did not 

Table 1. Baseline characteristics and CDR Global Score
Baseline 
(n = 769)

Month 6 Completers 
(n = 656)

Month 12 Completers 
(n = 605)

Month 36 Completers 
(n = 473)

Baseline characteristics

Baseline age (in years), mean (SD) 72.9 (7.3) 73.0 (7.2) 72.9 (7.3) 72.3 (7.2)

Female sex, n (%) 352 (46) 291 (44) 268 (44) 201 (42)

APOEε4 carrier, n (%) 424 (55) 368 (56) 340 (56) 259 (55)

CDR global score at each visit

Normal (CDR global score of 0), n (%) 0 (0) 6 (1) 12 (2) 21 (4)

Prodromal (CDR global score of 0.5), n (%) 769 (100) 628 (96) 541 (89) 310 (66)

Mild (CDR global score of 1), n (%) 0 (0) 22 (3) 50 (8) 120 (25)

Moderate (CDR global score of 2), n (%) 0 (0) 0 (0) 2 (0) 22 (5)

Severe (CDR global score of 3), n (%) 0 (0) 0 (0) 0 (0) 0 (0)
APOEε4 carrier status = presence of one or more apolipoprotein-E ε4 alleles; CDR = Clinical Dementia Rating Scale; SD = standard deviation. CDR-GS (range: 0–3; higher 
scores indicate greater severity).
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Table 2. Descriptive statistics of clinical outcome assessment measures
Measure Time point

Baseline Month 6 Month 12 Month 36

CDR-SB (range, 0–18) n = 769 n = 656 n = 605 n = 473
Mean (SD), median 1.82 (0.79), 1.5 1.94 (1.09), 1.5 2.18 (1.41), 2.0 3.17 (2.81), 2.0
Floor/ceiling % 0/0 0.8/0.0 1.2/0 3.8/0
Missing (%)* 0 (0) 113 (14.7) 164 (21.3) 296 (38.5)
ADAS-Cog 11 (range, 0–70) n = 765 n = 655 n = 611 n = 474
Mean (SD), median 11.28 (4.38), 11 10.81 (5.16), 10 11.54 (5.67), 11 14.11 (8.81), 12
Floor/ceiling % 0/0 0/0 0/0 0/0
Missing (%)* 4 (0.5) 114 (14.8) 158 (20.5) 295 (38.4)
ADAS-Cog 13 (range, 0–85) n = 765 n = 655 n = 611 n = 474
Mean (SD), median 17.73 (6.08), 17 17.21 (7.18), 16 18.07 (7.73), 17 21.04 (11.33), 19
Floor/ceiling % 0/0 0.0/0.0 0/0 0/0
Missing (%)* 4 (0.5) 114 (14.8) 158 (20.5) 295 (38.4)
MMSE total (range, 0–30) n = 769 n = 653 n = 609 n = 480
Mean (SD), median 27.27 (1.85), 27 27.03 (2.53), 28 26.80 (2.71), 27 25.28 (4.79), 27
Floor/ceiling % 0.0/12.2 0.0/16.1 0.0/14.4 0.0/15.2
Missing (%)* 0 (0) 116 (15.1) 160 (20.8) 289 (37.6)
Anchor measure: GDS n = 769 n = 657 n = 611 n = 478
Mean (SD), median 2.67 (0.57), 3 2.75 (0.66), 3 2.84 (0.73), 3 3.23 (1.13), 3
Response frequency, n (%)†
Stage 1: no cognitive decline 2 (0.3) 5 (0.8) 6 (1.0) 9 (1.9)
Stage 2: very mild cognitive decline 288 (37.5) 229 (34.9) 198 (32.4) 134 (28.0)
Stage 3: mild cognitive decline 439 (57.1) 354 (53.9) 300 (49.1) 165 (34.5)
Stage 4: moderate cognitive decline 40 (5.2) 66 (10.0) 102 (16.7) 91 (19.0)
Stage 5: moderately severe cognitive decline 0 (0) 3 (0.5) 5 (0.8) 68 (14.2)
Stage 6: severe cognitive decline 0 (0) 0 (0) 0 (0) 11 (2.3)
Stage 7: very severe cognitive decline 0 (0) 0 (0) 0 (0) 0 (0)
Anchor measure: MCI-CGIC n = 651 n = 593
Mean (SD), median — 4.19 (0.79), 4 4.34 (0.84), 4 —
Response frequency, n (%)†
Marked improvement — 5 (0.8) 4 (0.7) —
Moderate improvement — 9 (1.4) 6 (1.0) —
Minimal improvement — 70 (10.8) 53 (8.9) —
No change — 361 (55.5) 294 (49.6) —
Minimal worsening — 185 (28.4) 192 (32.4) —
Moderate worsening — 20 (3.1) 43 (7.3) —
Marked worsening — 1 (0.2) 1 (0.2) —
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; GDS = Global Deterioration Scale; MCI-CGIC = Mild Cognitive Impairment–Clinical Global Impression of Change; MMSE = Mini-Mental State Examination; SD 
= standard deviation. CDR-SB (range: 0–18; higher scores indicate greater severity). ADAS-Cog 11 (range: 0–70; higher scores indicate greater dysfunction). ADAS-Cog 
13 (range: 0–85; higher scores indicate greater dysfunction). MMSE (range: 0–30; higher scores indicate better functioning). * The percentage with missing data is based 
on the baseline overall sample size. † The percentage of responses is based on the sample size of the corresponding nonmissing endpoint at the time point of interest.
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Table 3. Interpretation of change results, for time points with correlations at least 0.3 
(A) CDR-SB*
Outcome GDS change as anchor measure MCI-CGIC as anchor measure

Month 6 Month 12 Month 36 Month 6 Month 12
“Minimal” meaningful 
change

GDS: 1-point worsening MCI-CGIC: “minimal worsening”

n 98 132 108 185 192
Mean (SD), median 0.67 (0.96), 0.5 1.08 (1.18), 1.0 1.91 (1.87), 1.5 0.34 (0.83), 0 0.64 (1.02), 0.5

LS mean (SE)† 1.15 (0.06) 0.42 (0.05)
“Moderate” meaningful 
change

GDS: 2-point worsening MCI-CGIC: “moderate worsening”

n 6 14 70 20 43
Mean (SD), median 2.58 (1.32), 2.25 3.39 (1.92), 2.75 4.28 (2.31), 4.25 1.53 (1.15), 1.25 2.35 (1.66), 2.00

LS mean (SE) 3.76 (0.11) 1.61 (0.11)
(B) ADAS-Cog 
Outcome GDS change as anchor measure MCI-CGIC as anchor measure

Month 36‡ Month 12
“Minimal” meaningful 
change

GDS: 1-point worsening MCI-CGIC: “minimal worsening

ADAS-Cog 11
n 108 190

Mean (SD), median 4.95 (6.73), 4 1.41 (4.15), 1
LS mean (SE)† 2.24 (0.26) 0.80 (0.21)

ADAS-Cog 13
n 108 190

Mean (SD), median 6.04 (8.16), 5 1.84 (4.71), 1.5
LS mean (SE)† 2.63 (0.31) 1.08 (0.25)

“Moderate” meaningful 
change

GDS: 2-point worsening MCI-CGIC: “moderate worsening”

ADAS-Cog 11
n 69 42

Mean (SD), median 9.01 (8.41), 8 3.60 (5.09), 3
LS mean (SE)† 6.52 (0.45) 1.73 (0.46)

ADAS-Cog 13
n 69 42

Mean (SD), median 10.58 (9.24), 10 4.36 (5.71), 5
LS mean (SE)† 7.83 (0.54) 2.42 (0.55)

(C) MMSE 
Outcome GDS change as anchor measure GDS change as anchor measure

Month 36§ Month 36§
GDS: 1-point worsening GDS: 2-point worsening

n 108 70
Mean (SD), median –2.62 (3.41), −2 −6.56 (4.81), −6

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; GDS = Global Deterioration Scale; LS = least squares; MCI-CGIC = Mild Cognitive Impairment–Clinical Global Impression of Change; MMSE = Mini-Mental 
State Examination; SD = standard deviation; SE = standard error. CDR-SB (range: 0–18; higher scores indicate greater severity). ADAS-Cog 11 (range: 0–70; higher scores 
indicate greater dysfunction). ADAS-Cog 13 (range: 0–85; higher scores indicate greater dysfunction). MMSE (range: 0–30; higher scores indicate better functioning). 
Note: Sample sizes are shown for the number of patients in the selected anchor category. * For the CDR global, descriptive results for Month 6 are not included due to low 
correlation strength (|r| < 0.30) between the change in this endpoint and the changes in both anchor measures from baseline to Month 6. † The least squares results of 
target clinical outcome assessment changes across time were from the mixed models for repeated measures available at Months 6, 12, and 36, using the anchor change as 
the categorical predictor. ‡ For the ADAS-Cog 11 and ADAS-Cog 13, only descriptive results for Month 36 are provided for the GDS anchor due to low correlation strength 
(|r| < 0.30) between the change in the endpoints and the change in GDS from baseline to Month 6 and from baseline to Month 12. § For the MMSE, Month 36 was the only 
time point where the correlation strength between the change in the MMSE and the change in an anchor measure met the 0.3 criterion. 
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meet the 0.3 criterion until Month 12. For the MMSE, the 
correlation did not meet this threshold until Month 36. 
Overall, the correlations with the MCI-CGIC tended to 
be slightly higher than the correlations with GDS change. 
The 12-month time point was the primary time point 
considered for estimating meaningful change thresholds 
due to stronger anchor-target measure correlations, an 
appropriate time window for deterioration, adequate 
sample size for categories of interest, and availability of 
multiple anchors at this time point.

Interpretation of change 

Anchor-based estimates were developed for “minimal” 
and “moderate” meaningful deterioration in the measures 
of interest (Table 3). Overall, anchor-based analyses using 
the MCI-CGIC tended to yield lower threshold estimates 
than analyses using the change in the GDS. Based on 
median and mean changes, thresholds for the CDR-SB 
at Month 12 ranged from 0.50–0.64 points for the group 
with “minimal worsening” (n = 192) and 2.00–2.35 points 
for the group with “moderate worsening” (n = 43) on 
the MCI-CGIC, and from 1.00–1.08 points for those with 
a 1-point (minimal) worsening (n = 132) and 2.75–3.39 
points for a those with a 2-point (moderate) worsening 
on the GDS (n = 14). For the ADAS-Cog, the “minimal-

worsening” thresholds based on Month 12 data for the 
MCI-CGIC anchor suggested 2 points for the ADAS-Cog 
11 (n = 190) and 2 points for the ADAS-Cog 13 (n = 190) 
(rounded to nearest available scores, in consideration of 
distribution-based results). The “moderate-worsening” 
thresholds were 3–4 points and 4–5 points for the  
ADAS-Cog 11 (n = 42) and ADAS-Cog 13 (n = 42), 
respectively. For the MMSE, progressor thresholds were 
determined using score changes for participants who 
had minimal and moderate deterioration on the GDS at 
Month 36, with 2–3 points for minimal deterioration (n = 
108) and 6–7 points proposed for moderate meaningful 
deterioration (n = 70). 

Figure 1 presents the CDF curve for changes 
in CDR-SB from baseline to Month 12 by MCI-CGIC 
levels. The curves support the appropriateness of the 
MCI-CGIC as an anchor measure for the CDR-SB by 
the clear separation between the moderate worsening 
(red), minimal worsening (yellow), and no change (tan) 
curves; approximately 40% of the participants in the 
moderate-worsening group had more than a 2.5-point 
increment compared with less than 12.5% of participants 
in each of the less or no worsening groups. The CDF plots 
shown in Figures S-1A–S-1F in Supplemental Appendix C 
provide visual representation of the threshold estimates 
for the other target measures. In addition, the PDF plots 

Figure 1. Cumulative distribution function plots: Change in CDR-SB from baseline to Month 12, by MCI-CGIC

The median value is plotted as a dotted line, and the shading around the CDF curves (solid lines) shows the 95% CIs of the change score distributions. CI = confidence 
interval; CDR-SB = Clinical Dementia Rating Scale- Sum of Boxes; CDF = cumulative distribution function; MCI = Mild Cognitive Impairment–Clinical Global Impression of 
Change. Note: Bands around lines denote 95% confidence limits with colors specified by the legend for n > 5. a 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.
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in Figures S-2 and S-3 further support the appropriateness 
of the anchor measures (see Supplemental Appendix C). 
Supportive distribution-based estimates, presented in 
Supplemental Appendix B, were consistently lower (as 
expected) than the proposed anchor-based means and 
medians for moderate deterioration, with the exception of 
the very large reliable change index values for the ADAS-
Cog 11 (7.12) and the ADAS-Cog 13 (8.25).

Application of the within-patient meaningful-
change threshold values

Table 4 summarizes the number and percentage of 
progressors at Month 12 based on the proposed 
thresholds for the overall study population; Table S-5 
in Supplemental Appendix F presents these results by 
treatment arm. 

Discussion

This analysis explored meaningful within-patient 
change thresholds for the CDR-SB, ADAS-Cog, 
and MMSE using anchor-based methods, evaluating 
both change and severity at multiple time points, and 
supportive distribution-based analyses. Focusing 
on the 12-month time point, and considering the 
change associated with minimal and moderate levels 
of deterioration on the available anchors, on average, 
increases of 1 to 2.5 points on the CDR-SB and increases of 
2 to 5 points on the ADAS-Cog 11 and ADAS-Cog 13 may 

be appropriate thresholds for individual-level meaningful 
change. This triangulation of methods lends credibility 
to the generated estimates. The results may support the 
interpretation of longitudinal data captured using these 
measures; for example, these values may be considered 
when defining a threshold to identify progressors, or 
PLWA who have deteriorated meaningfully within the 
context of future AD clinical trials targeting people with 
MCI due to AD. 

The correlation between the anchors and the MMSE 
was generally weak and only sufficient at the 36-month 
time point for anchor-based analyses. Such a lengthy 
period is likely to inflate the estimate and as such these 
results should be interpreted with caution. At Month 36, 
decreases of 2 to 7 points on the MMSE reflected minimal 
to moderate levels of deterioration at the individual level, 
respectively. 

This analysis complements a previous study by 
Andrews et al. (12), which suggested thresholds of 
1-to-2 point increases in the CDR-SB and 1-to-3 point 
decreases on the MMSE for prodromal and mild disease, 
respectively, based on evaluations over 1 year on average 
to define within-patient minimal clinically meaningful 
decline. Compared to the Andrews et al. (12) study, the 
range of estimates for the MCI stage that we identified 
using the ADCS study are somewhat higher. This could 
be explained by differences in the anchors applied, a 
longer and/or less variable follow-up period for ADCS 
compared to NACC, or differences in the severity of 
patients due to study inclusion criteria. Their main 
analysis used a binary (yes vs no) clinician assessment 

Table 4. Proposed meaningful-change (worsening) thresholds
(A)  Proposed meaningful-change (worsening) thresholds for each outcome measure
Outcome Proposed “minimal deterioration” 

threshold 
Proposed “moderate deterioration” 

threshold
Observed score range

CDR-SB 1-point increase 2.5-point increase 0–18
ADAS-Cog 11 2-point increase 3- to 4-point increase 0–70
ADAS-Cog 13 2-point increase 4- to 5-point increase 0–85
MMSE 2- to 3-point reduction 6- to 7-point reduction 0–30
(B) 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 605 Threshold: 1-point increase Threshold: 2.5-point increase

165 (27.3%) 39 (6.4%)
ADAS-Cog 11 607 Threshold: 2-point increase Threshold: 4-point increase

213 (35.1%) 118 (19.4%)
ADAS-Cog 13 607 Threshold: 2-point increase Threshold: 5-point increase

241 (39.7%) 122 (20.1%)
MMSE 609 Threshold: 2-point reduction Threshold: 7-point reduction

172 (28.2%) 12 (2.0%)
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. CDR-SB (range: 0–18; higher scores indicate greater severity). ADAS-Cog 11 (range: 0–70; higher scores indicate greater 
dysfunction). ADAS-Cog 13 (range: 0–85; higher scores indicate greater dysfunction). MMSE (range: 0–30; higher scores indicate better functioning).
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of meaningful decline in patient memory, nonmemory 
cognitive ability, behavior, ability to manage affairs, 
or motor/movement changes since the previous visit. 
This current study provides additional granularity by 
providing both a retrospective change and prospective 
severity anchor and a range of meaningful-change 
thresholds for mild and moderate levels of deterioration, 
enabling more specific and conservative threshold 
estimates. 

There  a re  impor tant  cons idera t ions  when 
implementing or applying meaningful-change thresholds 
to clinical trial populations, including the target 
population, trial duration, and anticipated treatment 
effect. In studies with shorter follow-up, it may be 
feasible to implement only the minimal thresholds, as 
more pronounced declines on COAs will be rare. In 
studies with longer follow-up or those that enrich for 
rapidly progressing patients, it may be appropriate to 
implement moderate-progression thresholds. Andrews 
et al. (2019) further highlighted the need for different 
thresholds depending on the disease stage of the target 
population (12). The FDA has also encouraged sponsors 
to consider using a range of change thresholds to convey 
the hypothesized treatment effect (7). 

After a threshold (or range of thresholds) is established, 
there are a number of potential applications to clinical 
trial data. For example, it could be used to compare 
the percentage of PLWA who deteriorate meaningfully 
across treatment arms at the end of the study period 
(a within-patient analysis). Such analyses may aid in 
interpreting data from AD clinical trials at an individual 
level, with the aim of evaluating treatment effects that 
are meaningful and tangible to PLWA. Thresholds could 
also facilitate time-to-deterioration analyses. Importantly, 
the thresholds should not be used to evaluate whether 
the magnitude of difference between drug and placebo 
groups in terms of their change from baseline is 
meaningful (a between-group analysis). A challenge in 
detecting small yet clinically meaningful treatment effects 
in AD trials is that, on average, PLWA progress slowly 
with modest deterioration over a typical trial duration. 
Consideration should be given to trial-design strategies 
that maximize the likelihood of detectable progression 
over the course of the study, such as biomarker-confirmed 
enrichment strategies and sufficient trial duration.

Some limitations of this analysis and the methods are 
acknowledged. First, biomarker confirmation of AD was 
not an inclusion criterion of ADC-008, and as such, some 
participants may not have had underlying AD pathology. 
Indeed, 4% of participants had CDR Global Scores of 0 
at Month 36, indicating normal cognitive and functional 
abilities, suggesting either a lack of deterioration (very 
slow progressors) or in some cases an improvement over 
time. Second, we could not evaluate the potential for 
interrater variability as a source of error for anchor and 
target measures because information about raters was 
generally limited. Third, a methodological challenge with 
anchor-based analyses is the potential for the meaningful-

change threshold estimates to be influenced by the effect 
of time. While changes in scores on the target measures 
increased/decreased with time, an individual may have 
remained in the same anchor category across time points, 
potentially leading to an overestimation of change when 
selecting later time points for threshold estimation; 
conversely, for an individual about to transition from 
a minimal- to a moderate-worsening anchor category, 
score increases on the target measures may have led 
to an underestimation of change if selecting the earlier 
time point for threshold estimation. Considering this, 
as well as descriptive statistics and correlation patterns 
for the measures, the Month 12 time point was selected 
as the primary time point for the evaluation. This time 
point balanced adequate correlation between changes, 
as defined by both anchor measures and most target 
measures, with a limiting lapse in time between the two 
assessments. Unfortunately, the MMSE-anchor correlation 
was inadequate at any time point prior to Week 36, which 
may account for the higher threshold estimates compared 
with those currently reported in the existing literature 
(based on 12-month data). Finally, these thresholds 
are generated using clinician-rated anchors and may 
not reflect score change associated with caregiver-
reported meaningful change. Anchor-based analyses 
using caregiver-rated global impression measures, or 
alternative methods to incorporate the care partner and 
patient perspective into meaningful change estimates, are 
warranted.

Future research could evaluate whether the thresholds 
identified here are relevant for PLWA and care partners 
via qualitative studies and should explore applicability 
of these thresholds across AD stages. The latter is 
particularly important for the CDR-SB, which has a 
nonlinear response scale such that category changes at 
the more severe levels of AD result in greater magnitude 
of score change than those at the earlier stages of disease.

In conclusion, the proposed thresholds may be useful 
to aid the interpretation of AD clinical trial data at an 
individual patient level and inform treatment decisions. 
Estimates generated via these methods are specifically 
intended to evaluate within-patient change and are not 
intended to assess the magnitude and meaningfulness 
of differences between group-level changes over time. 
The results from this ADC-008 analysis are an important 
step toward threshold consensus for meaningful within-
patient change in key outcomes in AD. 
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