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ABSTRACT

Introduction: The Alzheimer’s Disease Com-
posite Score (ADCOMS) is a tool developed to
detect clinical progression and measure treat-
ment effect in patients in early stages of Alz-
heimer’s disease (AD). The psychometric
properties of the ADCOMS have been
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established; however, the threshold for clinical
meaningfulness has yet to be identified.
Methods: Anchor-based, distribution-based,
and ROC curve analyses were used to estimate
clinically meaningful thresholds for change in
ADCOMS for patients with mild cognitive
impairment (MCI) and AD dementia. This study
included data from three sources: the Alzhei-
mer’s Disease Neuroimaging Initiative (ADNI),
the National Alzheimer’s Coordinating Center
(NACCQ), and a legacy dataset that included data
from four sources: the placebo group from three
MCI trials and an earlier data cut from
ADNI. Results were stratified by disease severity
(MCI vs. dementia) and APOE €4 carrier status.
Results: A total of 5355 participants were
included in the analysis. The ADCOMS was able
to detect change for MCI and dementia patients
who experienced a meaningful decline in cog-
nition (as defined by the Clinical Dementia
Rating Scale Sum of Boxes [CDR-SOB]) between
baseline and month 12. The following
ADCOMS cut-offs were proposed: 0.05 for MCI
and 0.10 for dementia.

Conclusions: The ADCOMS was previously
established as a valid and reliable tool for use in
clinical trials for MCI due to AD and dementia
populations. By defining thresholds for clini-
cally meaningful change of ADCOMS, this work
is an important step in interpreting clinical
findings and estimates of treatment effects in
early stage AD trials.
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Why carry out this study?

To assess treatment effects in clinical trials
for mild cognitive impairment (MCI) due
to Alzheimer’s disease (AD), the FDA
recommended the use of a composite
measure. Following this recommendation,
Eisai developed and validated the
Alzheimer’s Disease Composite Score
(ADCOMS).

Although the psychometric properties of
the ADCOMS have been established, the
threshold for clinical meaningfulness has
yet to be identified. The objective of this
study was to identify that threshold.

What was learned from the study?

Based on a triangulation evaluating the
range of estimates for meaningful change,
the following cut-off points for
meaningful change were proposed: 0.05
for MCI and 0.10 for dementia.

By establishing the thresholds for
clinically meaningful change, researchers
can more confidentially use the ADCOMS
as an outcome measure for clinical trials
in MCI due to AD and for dementia.

INTRODUCTION

Alzheimer’s disease (AD) is the most common
type of major neurocognitive disorder, in which
the death of brain cells leads to cognitive
decline and memory loss [1]. The underlying
pathology of AD begins years before the
appearance of clinical symptoms. Research is
ongoing to better understand the genetic,
molecular, and clinical mechanisms of the dis-
ease in order to characterize early disease and

prevent its progression to AD [2, 3]. Mild cog-
nitive impairment (MCI) is an early stage
impairment that precedes AD. Patients with
MCI due to AD experience limited cognitive
symptoms, but these impairments are mild by
definition, and patients are able to function
fairly normally [4, 5]. Even though early deficits
in cognition may be subtle, it is important to
identify and treat them to hopefully delay or
prevent more severe neurodegeneration [6, 7].
Prior to the Food and Drug Administration’s
(FDA) approval of aducanumab in 2021 [8], no
new treatments had been approved by the FDA
since 2003. Within that period of time, more
than 200 investigational programs failed or
were abandoned because of several factors,
including treating patients after AD had already
progressed, inappropriate treatment dosage,
endpoints that lacked sensitivity to change, a
lack of understanding of the pathophysiology
of AD, and trial design issues [9]. Because early
disease has limited and variable symptomatol-
ogy, it is critical that the measurement of clin-
ical outcomes in trials for AD treatments is
sensitive to the specific symptoms and possible
treatment effects in the early stages of disease.
In the FDA’s 2013 guidance for developing
treatments for early stage AD, they suggested
that a composite measure may be the most
appropriate for use in a clinical trial for MCI due
to AD to measure clinical outcomes [10].
Following the FDA’s recommendations, Eisai
developed the Alzheimer’s Disease Composite
Score (ADCOMS), which combines components
of widely used clinical scales that have been
shown to be the most responsive to treatment
effects [11]. The tool was developed for use in
early AD (i.e., MCI and mild AD dementia)
clinical trials. The ADCOMS tool was initially
developed and validated using data from the
Alzheimer’s Disease Neuroimaging Initiative
(ADNI) [12] and the placebo group from three
clinical trials in patients with MCI [11]. To
select the items for inclusion in the ADCOMS
tool, a linear decline model was developed to
depict disease progression over 12 months using
all the items from available clinical scales in
these datasets. Items with the highest combined
sensitivity to change over time were selected for
the final tool that includes four items from the

A\ Adis



Neurol Ther (2022) 11:1085-1100

1087

Alzheimer’s disease Scale-Cognitive Subscale
(ADAS-Cog) [13], two from the Mini Mental
State Examination (MMSE) [14], and all six
items from the Clinical Dementia Rating Scale
Sum of Boxes (CDR-SOB) [15].

Like the FDA, the EU/US Clinical Trials in
Alzheimer’s disease (CTAD) task force also rec-
ommends a composite measure for pre-dementia
trials and has pointed to the ADCOMS tool as an
appropriate measure that incorporates both cog-
nitive and functional elements [16]. The
ADCOMS tool has demonstrated improved sen-
sitivity to clinical decline over other individual
scores like the ADAS-Cog, CDR-SOB, and MMSE
[17], and in a prodromal AD randomized trial, it
was able to identify cognitive and functional
benefits, suggesting that it is sensitive to treat-
ment changes [18]. Although these psychometric
properties of the ADCOMS have been established,
the threshold for ascertainment of the clinical
meaningfulness of disease progression using the
ADCOMS has yet to be identified. Therefore, the
objective of this study was to evaluate the clinical
meaningfulness threshold of the ADCOMS
among patients with MCI due to AD and mild
AD. A secondary objective of this work was to
compare the threshold between APOE &4 allele
carriers and non-carriers. The APOE &4 allele
increases the risk of AD and is associated with
earlier age of dementia onset [19].

METHODS

Materials

The following three data sources were used to
conduct this study.

Alzheimer’s Disease Neuroimaging Initiative
(ADNI) data Data used in the preparation of this
article were obtained from the ADNI database
(adni.loni.usc.edu). ADNI was launched in 2003
as a public-private partnership, led by Principal
Investigator Michael W. Weiner, MD. The pri-
mary goal of the ADNI has been to test whether
serial magnetic resonance imaging (MRI), posi-
tron emission tomography (PET), other biological
markers, and clinical and neuropsychological
assessment can be combined to measure and
predict the progression of MCI and early AD. For

up-to-date information, see www.adni-info.org.
ADNI is a global, prospective, observational
cohort study intended to develop clinical, imag-
ing, genetic, and biochemical biomarkers for early
detection and monitoring of AD [12]. The ADNI
datasets used for this analysis (ADASSCORES,
CDR, MMSE and BLCHANGE) were downloaded
in December 2020 and included the following
ADNI phases: ADNI1, ADNI2, and ADNI GO. The
data selected for Visit 1 included the data at
screening and baseline or month ‘O;’ the data
selected for Visit 2 included data at month 12.

National Alzheimer’s Coordinating Center
(NACC) data The NACC is a prospective, longi-
tudinal study, which maintains a large database
of standardized clinical neuropathological
research data collected from the NIA-funded
Alzheimer’s Disease Centers (ADCs) (funded by
the National Institute on Aging [U24
AGO072122]). The clinical variables contained in
the NACC Uniform Data sets version 3.0 (UDS
3.0) were downloaded in December 2020
(N = 38,137). The following visits were selected:
days from the initial visit (NACCFDYS) were
either O for Visit 1 or between 335 or 395 for
Visit 2, and the visit number (NACCVNUM) was
limited to Visits 1 and Visit 2.

Combined Legacy Dataset The third data
source is a combined legacy dataset, the one
which was originally used to develop the
ADCOMS [11]. It contains pooled data from
four sources: (1) a data collection wave from the
observational study, ADNI (ADNI-1; ADNI-MC]I,
downloaded on 20 May 2010); (2) the placebo
group from the Alzheimer’s Disease Cooperative
Study (ADCS), a randomized, double-blind,
placebo-controlled trial to evaluate the safety
and efficacy of vitamin E and donepezil HCL
(Aricept) to delay clinical progression from MCI
to AD (ADCS-MCI); (3) the placebo group of a
1-year, multicenter, randomized, double-blind,
placebo-controlled evaluation of the efficacy
and safety of donepezil hydrochloride in
patients with MCI (E2020-A001-412
NCT00293176 or the MCI-412) study; (4) the
placebo group from the Hippocampus Study:
comparative effect of donepezil 10 mg/day and
placebo on clinical and radiological markers
(E2020-A001-412 NCT00293176 or the MCI-
415). The sample size for the legacy dataset
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includes the following: n =405 from ADNI,
n =264 from ADCS-MCI, n =388 from MCI-
412, and n = 103 from MCI-415. The two visits
for this dataset were baseline and month 12. All
procedures performed in these studies involving
human participants were in accordance with
the ethical standards of the institutional review
board and with the 1964 Helsinki Declaration
and its later amendments, Permissions were
obtained to access and use the data from the
ADNI and NACC databases. Participants who
were categorized as having clinical impairment
at baseline, but normal levels of impairment at
the 12-month visit, were excluded from the
analyses (N = 7 for ADNI; N = 122 for NACC).

To score the ADCOMS, variables from the
MMSE, CDR-SOB, and ADAS-Cog are required.
The ADAS-Cog was not collected in the NACC.
Therefore, the ADCOMS was imputed for the
NACC at baseline and month 12 using the fol-
lowing procedure: ADCOMS was first calculated
using the ADNI dataset with the MMSE, CDR-
SOB, and ADAS-Cog. Then, ADCOMS was pre-
dicted in the ADNI using only the items avail-
able in the NACC (MMSE items 1 and 7, CDR-
SOB items). The regression weights obtained
from that model were then applied to predict
the ADCOMS in the NACC data.

The overall study analysis population included
the subjects with non-missing ADCOMS at base-
line and the 12-month visit. Thus, after selecting
participants with non-missing ADCOMS at Visit 1
and Visit 2, the final sample size for the study
population was n = 3675 for NACC, n = 714 for
ADNI, and n =966 for the legacy dataset. It
should be noted that two of the datasets may
contain overlapping patients (ADNI dataset
N =714 and the ADNI component of the legacy
dataset N = 358). The legacy ADNI data were
downloaded in 2010 using ADNI-1 and ADNI-
MCI, while the ADNI data we downloaded were
downloaded in 2020, using ADNI-1, ADNI-2, and
ADNI-GO. Based on the size of the two samples,
they could at most overlap by 50%.

Methods

We used multiple methods to derive the
threshold for clinical meaningfulness (anchor-

based method, ROC analysis, and distribution-
based method). The anchor-based method used
the CDR-SOB as the anchor with sensitivity
analyses conducted using MMSE and ADAS-Cog
as alternative anchors. The anchor-based
method used CDR-SOB change > 0.5 as a
meaningful decline cut-off for the MCI group
and CDR-SOB change > 1 for the dementia
group. These cut-offs were determined based on
findings from the Andrews et al. (2019) study,
where the minimum threshold for clinically
meaningful decline was defined as 0.5 on the
CDR-SOB [20]. Between visits in the Andrews
et al. study, patients with MCI had an average
increase of 0.98 on the CDR-SOB, and patients
with dementia had an average increase of 1.63
on the CDR-SOB. Because here we are looking at
the minimum values to define decline, and this
required an integer value that could be mea-
sured within each patient, 0.5 and 1.0 were
selected as the cut-offs for MCI and dementia
stages, respectively. The mean changes in
ADCOMS based on the CDR-SOB thresholds for
meaningful change were evaluated using f-tests
for both MCI and dementia.

The ROC method compared the model-based
predictions for different ADCOMS cut-offs using
the CDR-SOB pre-defined groups (> 0.5 for the
MCI group and > 1 for the dementia group).
The ADCOMS cut-offs were selected using the
highest values of Youden’s index (which is a
measure of balance between the levels of sensi-
tivity and specificity).

Distribution-based methods to evaluate
meaningful change were also used, including
three statistics: the % standard deviation (SD), %4
SD at baseline, and the standard error of mea-
surement (SEM). The SEM was computed by
multiplying the SD of the measure by the square
root of one minus its reliability (in this analysis,
the reliability coefficient used was the intra-
class correlation coefficient [ICC]). The ICC was
computed on a stable population, defined using
the following criteria: ‘No change’ response for
impairment/worsening in non-memory cogni-
tive domains on neuropsychological testing in
the legacy dataset, no subject-reported decline
in memory at both the baseline and month 12
visits for the NACC, and a ‘No’ [change]

A\ Adis



Neurol Ther (2022) 11:1085-1100

1089

response on the clinician global impression of
change (CGIC) at month 12 for the ADNI.

The anchor-based, distribution-based, and
ROC methods described above were used for
triangulation to derive preliminary thresholds
for clinically meaningful change on the
ADCOMS for MCI and dementia stages. In
addition, we considered APOE ¢4 status within
MCI and dementia groups to determine whe-
ther carrier vs. non-carrier status would alter the
thresholds for meaningful change. Probability
density function (PDF) plots and cumulative
density function (CDF) plots by CDR-SOB
groups were used to provide supportive evi-
dence for the appropriateness of the proposed
thresholds.

RESULTS

There were 5355 participants in the overall
analysis sample who had ADCOMS (actual or
imputed) at baseline and month 12. Sociode-
mographic and clinical characteristics are sum-
marized in Table 1.

The average ADCOMSs at baseline were 0.22
for the combined legacy dataset (range
0.03-0.58), 0.29 for NACC (range 0.04-2.01),
and 0.25 for ADNI (range 0.00-1.17). The aver-
age ADCOMSs at baseline across the datasets
were 0.22 for MCI patients and 0.64 for
dementia patients (Table 2). There were minor
floor effects limited to the normal cognition
group (0.4%) and no ceiling effects. The sample
consisted mainly of patients with MCI and
dementia, although there were some in the
NACC and ADNI who were considered to have
normal cognition for their age. The combined
legacy dataset did not include any dementia
patients. The NACC data had fewer MCI
patients than dementia patients, while the
ADNI set had more MCI patients (MCI: com-
bined legacy dataset N = 966; NACC N = 686;
ADNI N = 249; dementia: combined legacy
dataset N = 0; NACC N = 1253; ADNI N = 159).

Validity

The convergent and divergent validities of the
ADCOMS were examined by evaluating its

correlation with the CDR-SOB, MMSE, ADAS-
Cog, and Geriatric Depression Scale (GDS)
(Table 3). The results demonstrated that the
correlation of the ADCOMS with corresponding
neurocognitive  assessments was  strong
(r > 0.50), both at baseline and for the change
from baseline to 12 months, with a few excep-
tions: MMSE in the MCI group at baseline,
MMSE in the MCI group change over time, and
the ADAS-Cog in both MCI and dementia
groups’ change over time. The correlation with
the CDR-SOB was the strongest, suggesting that
the CDR-SOB would make the best anchor for
evaluation of the clinical meaningfulness of the
ADCOMS. The correlation with the GDS, a
measure of depression, was weak and non-sig-
nificant, providing further confirmation that
the ADCOMS is a measure of cognition, not
depression.

Establishing Clinical Meaningfulness
of the ADCOMS

The ability of the ADCOMS to detect change
was evaluated as the FDA recommended,
namely by comparing changes in ADCOMS to
changes in CDR-SOB, MMSE, and ADAS-Cog,
which indicated that the patient’s cognition
had declined [21]. In Table 4, the data for the
CDR-SOB are presented (only the CDR-SOB
results are shown), which show that the
ADCOMS demonstrated statistically significant
changes in MCI groups, defined by a > 0.5
change on the CDR-SOB in all three data sets,
p <0.0001. The ADCOMS was also able to
detect change between dementia patients
(based on a > 1.0 change on the CDR-SOB).
Across datasets, the mean difference between
MCI patients with a meaningful decline and no
meaningful decline (as defined by scores on the
CDR-SOB) ranged from 0.17 to 0.20 (Table 4).
The mean difference between dementia patients
with a meaningful decline and no meaningful
decline ranged from 0.26 to 0.33. Similar results
were observed when subjects were stratified by
APOE ¢4 carrier status, with the ADCOMS able
to detect change within both groups. However,
change from baseline in the APOE g4 carriers
tended to be numerically larger among MCI
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Table 1 Sociodemographic and clinical characteristics of the study sample by data sources

Combined legacy dataset NACC ADNI
(N = 966) (N = 3675) (N = 714)
Age
N 966 3675 714
Mean (SD) 72.56 (8.44) 70.92 (9.86) 75.34 (6.71)

Median [range]
Missing, 7 (%)
Sex (1, %)

Male

Female
Missing
Education (years)
N

Mean (SD)
Median [range]
Missing, 7 (%)
Global CDR

N

Mean (SD)
Median [range]
Missing, 7 (%)
CDR-SOB

N

Mean (SD)
Median [range]
Missing, 7 (%)
MMSE

N

Mean (SD)
Median [range]
Missing, 7 (%)

74.0 [45.00-90.00]
0 (0.0%)

566 (58.6%)
400 (41.4%)
0 (0.0%)

312
14.75 (3.09)
15.0 [5.00-35.00]
654 (67.7%)

208

0.50 (0.00)

0.5 [0.50-0.50]
758 (78.5%)

966

1.64 (0.89)

1.5 [0.50-5.00]
0 (0.0%)

966

27.14 (1.93)

27.0 [18.00-30.00]
0 (0.0%)

71.0 [22.00-100.0]
0 (0.0%)

1687 (45.9%)
1988 (54.1%)
0 (0.0%)

3667

15.41 (3.31)

16.0 [0.00-30.00]
8 (0.2%)

3675

0.44 (0.51)

0.5 [0.00-3.00]
0 (0.0%)

3675

2.17 (2.97)

1.0 [0.00-18.00]
0 (0.0%)

3674

26.09 (4.67)

28.0 [0.00-30.00]
1 (0.0%)

75.6 [55.10-90.90]
0 (0.0%)

416 (58.3%)
298 (41.7%)
0 (0.0%)

714

15.66 (2.96)

16.0 [6.00-20.00]
0 (0.0%)

714

0.41 (0.30)

0.5 [0.00-1.00]
0 (0.0%)

714

1.72 (1.76)

1.5 [0.00-9.00]
0 (0.0%)

714

26.85 (2.58)

27.0 [20.00-30.00]
0 (0.0%)
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Table 1 continued
Combined legacy dataset NACC ADNI
(N = 966) (N = 3675) (N = 714)

ADAS-Cog

N 963 - 714

Mean (SD) 11.02 (4.54) - 1143 (627)

Median [range] 10.7 [0.83-27.67] - 10.7 [0.00-42.67]

Missing, 72 (%) 3 (0.3%) - 0 (0.0%)
ADCOMS

N 966 3675 714

Mean (SD) 022 (0.10) 029 (0.34) 025 (0.21)

Median [range] 0.2 [0.03-0.58] 0.1 [0.04-2.01] 0.2 [0.00-1.17]

Missing, 7 (%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Clinician diagnosis of cognitive status, n (%)

Normal cognition 0 (0.0%) 1619 (44.1%) 206 (28.9%)

Impaired-not-MCI 0 (0.0%) 117 (3.2%) 0 (0.0%)

MCI 966 (100.0%) 686 (18.7%) 349 (48.9%)

Dementia 0 (0.0%) 1253 (34.1%) 159 (22.3%)
APOE

APOE €4 carrier
APOE &4 non-carrier

Missing

406 (42.0%)
401 (16.5%)
159 (16.5%)

1419 (38.6%)
1952 (53.1%)
304 (8.3%)

352 (49.3%)
362 (50.7%)
0 (0.0%)

ADCOMS Alzheimer’s Disease Composite Score, ADAS-Cog Alzheimer’s Disease Scale-Cognitive Subscale, ADNI
Alzheimer’s Disease Neuroimaging Initiative, CDR-SOB Clinical Dementia Rating Scale Sum of Boxes, MCI mild cognitive
impairment, MMSE Mini Mental State Examination, NACC National Alzheimer’s Coordinating Center, SD standard

deviation

patients (MCI patients: Table 5; dementia
patients: Table 6). This trend of larger changes
in APOE &4 was not consistently maintained for
dementia patients.

To further evaluate thresholds for meaning-
ful change, we evaluated sensitivity, specificity,
and Youden’s index from an ROC curve analy-
sis. For MCI patients, the threshold values with
the best Youden’s indices from the ROC curve
analyses were 0.05 for the combined legacy
dataset, 0.02-0.03 for NACC, and 0.05 for
ADNI. For dementia patients, the values with

the best Youden’s indices were 0.11 for NACC
and 0.13 for ADNI.

We also conducted the ROC analysis based
on APOE &4 status in patients with MCI and
dementia. For MCI patients with APOE &4 sta-
tus, the best Youden’s indices from the ROC
curve analyses were 0.09, 0.06, and 0.05 for the
combined legacy dataset, 0.02-0.03 for NACC,
and 0.08 for ADNI. For MCI patients without
the APOE ¢4 biomarker, the best Youden’s
indices were 0.03-0.05 for the combined legacy
dataset, 0.02-0.03 for NACC, and 0.04 for
ADNI. For dementia patients with the APOE ¢4
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Table 2 ADCOMS scores by clinical group at baseline

Group n Mean SD Observed range Floor Ceiling
(min-max) (%) (%)
Normal cognition
All 1825 0.06 0.04 0.00-0.48 7 (0.4%) 0 (0.0%)
APOE &4 carrier 542 0.06 0.04 0.00-0.34 3 (0.6%) 0 (0.0%)
APOE &4 non-carrier 1198 0.05 0.03 0.00-0.48 4 (0.3%) 0 (0.0%)
Impaired (not-MCI)
All 117 0.15 0.09 0.04-0.48 0 (0.0%) 0 (0.0%)
APOE &4 carrier 38 0.17 0.09 0.04-0.38 0 (0.0%) 0 (0.0%)
APOE &4 non-carrier 67 0.14 0.08 0.04-0.48 0 (0.0%) 0 (0.0%)
MCI
All 2001 0.22 0.11 0.03-0.75 0 (0.0%) 0 (0.0%)
APOE &4 carrier 885 0.24 0.1 0.04-0.75 0 (0.0%) 0 (0.0%)
APOE &4 non-carrier 890 021 0.1 0.03-0.71 0 (0.0%) 0 (0.0%)
Dementia
All 1412 0.64 0.34 0.04-2.01 0 (0.0%) 0 (0.0%)
APOE &4 carrier 712 0.63 0.30 0.09-2.01 0 (0.0%) 0 (0.0%)
APOE &4 non-carrier 560 0.62 0.33 0.04-2.01 0 (0.0%) 0 (0.0%)

ADCOMS Alzheimer’s Disease Composite Score, MCI mild cognitive impairment, SD standard deviation

APOE &4 carrier status is missing for 7z = 463 participants

Table 3 Correlation of ADCOMS with outcome measures

Measure ADCOMS, baseline ADCOMS, change from baseline to month 12
MCI Dementia MCI Dementia
N r N r N r N
CDR-SOB 2001 0.88**** 1412 0.95*** 2001 0.88**** 1412 0.91%*
MMSE 2001 - 0.39" 1411 - 0.70%** 2001 — 0.44** 1411 - 0.51*
ADAS-Cog 1312 0.50*** 159 0.62**** 1312 0.40**** 159 0.45***
GDS 1016 0.02 1355 0.01 1010 0.08* 1272 0.05

ADCOMS Alzheimer’s Disease Composite Score, ADAS-Cog Alzheimer’s Disease Scale-Cognitive Subscale, CDR-
SOB Clinical Dementia Rating Scale Sum of Boxes, GDS Geriatric Depression Scale, MCI mild cognitive impairment,
MMSE Mini Mental State Examination

< 0.05; *p < 0.01;**p < 0.001; ***p < 0.0001
*Spearman rank-order correlations
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Table 4 Anchor-based analysis: ADCOMS change from baseline to month 12 CDR-SOB change score responder group,

stratified by MCI and dementia group

ADCOMS change Total ~ Change in CDR-SOB® Mean difference t-test  p-value®
score® N No meaningful  Meaningful (95% CI)
decline decline
” »
Mean (SD) Mean (SD)
MCI
Legacy data 96 522 444 ~0.180 (- 0.194; ~2601 < 0.0001
~ 0.022 (0.066) 0.158 (0.133) - 0.167)
NACC 686 332 354 ~0.200 (- 0.216; ~2405 < 0.0001
—0.031 (0.073) 0.169 (0.137) - 0.184)
ADNI 349 141 208 ~0.167 (- 0.186; ~17.12 < 0.0001
~0.016 (0.064) 0.151 (0.116) - 0.147)
Dementia
NACC 1253 538 715 ~0.330 (- 0.349; ~3332 < 0.0001
~0.012 (0.118) 0.318 (0.227) - 0.310)
ADNI 159 65 94 ~ 0264 (- 0.316; - 1004 < 0.0001
~0212)

0.036 (0.102)

0.300 (0.223)

ADCOMS Alzheimer’s Disease Composite Score, ADNI Alzheimer’s Disease Neuroimaging Initiative, CDR-SOB Clinical
Dementia Rating Scale Sum of Boxes, CI confidence interval, MCI mild cognitive impairment, NACC National Alzhei-

mer’s Coordinating Center, SD standard deviation
*Change score = month 12 score — baseline score

bMeaningful decline: CDR-SOB change > 0.5 for MCI; > 1 for dementia

t-test

biomarker, the values with the best Youden’s
index were 0.11 for NACC and ADNI, while for
dementia patients without the biomarker, the
best values were 0.06 and 0.11 for NACC and
0.13 for ADNI. [These data are included in
Supplemental Table 1.]

Table 7 presents all of the above outcomes as
well as several distribution-based statistics and
the median change in ADCOMS to aid in the
process of selecting the best threshold. The
resulting thresholds were evaluated in CDF
(Figs. 1 and 2) and PDF plots (Supplemental
Figures). The dashed vertical lines in Figs. 1 and
2 reflect the proposed thresholds of 0.05 and
0.10 for MCI and dementia, respectively.

The SEM for MCI ranged from 0.04 to 0.05
across the datasets (Table 7), and it was in a
similar range for calculations based on 0.25 SD
and 0.5 SD. For dementia patients, the SEM
ranged from 0.08 to 0.10 across the datasets.

The median change in the ADCOMS among
those who had meaningtul decline was 0.14 for
MCI patients and 0.26 for dementia patients.

Based on a triangulation evaluating the
range of estimates for meaningful change, the
following cut-off points for meaningful change
were proposed: 0.05 for MCI and 0.10 for
dementia. To determine this threshold, the
ROC curve analysis was prioritized. However,
the distribution-based estimates also provided
ranges consistent with the thresholds selected.
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Table 5 Anchor-based analysis: ADCOMS change from baseline to month 12 CDR-SOB change score responder group,

stratified by APOE &4 carrier status for MCI patients

ADCOMS change Total ~Changes in CDR-SOB" Mean t-test  p-value®
score”® N No meaningful Meaningful Difference (95% CI)
decline decline
n n
Mean (SD) Mean (SD)
APOE &4 carrier
Pooled data 406 268 138 - 0.222 (- 0.247; -17.43 < 0.0001
0.012 (0.079) 0.234 (0.138) - 0.197)
NACC 289 181 108 -0.243 (- 0.271; -16.96 < 0.0001
- 0.007 (0.080) 0236 (0.135) - 0215)
ADNI 190 114 76 - 0.197 (- 0.226; -13.61 < 0.0001
0.026 (0.075) 0.223 (0.111) - 0.168)
APOE &4 non-carrier
Pooled data 401 306 95 - 0.198 (- 0.224; -14.80 < 0.0001
~ 0015 (0.072) 0.182 (0.124) - 0.171)
NACC 330 228 102 - 0.214 (- 0.241; -15.88 < 0.0001
~0.009 (0.079) 0.205 (0.126) - 0.188)
ADNI 159 102 57 - 0.177 (- 0.208; -11.65 < 0.0001
- 0.147)

- 0.005 (0.069)

0.173 (0.103)

ADCOMS Alzheimer’s Disease Composite Score, ADNI Alzheimer’s Disease Neuroimaging Initiative, CDR-SOB Clinical
Dementia Rating Scale Sum of Boxes, CI confidence interval, MCI mild cognitive impairment, NACC National Alzhei-

mer’s Coordinating Center, SD standard deviation
*Change score = month 12 score — baseline score

chaningful decline: CDR-SOB change > 0.5 from baseline to month 12

t-test

The mean differences and median values were
de-emphasized. The median values reflect the
median change in those in the decline and no-
decline groups and therefore represent the mid-
point of changes, not the threshold that is
associated with meaningful change. Accord-
ingly, they were given less weight in the trian-
gulation. The same principle applies to the
mean differences. The results of the APOE &4
subgroup analyses provided roughly similar
results, suggesting that the same thresholds for
meaningful change can be used in these
subgroups.

PDF and CDF plots were produced to sup-
plement the triangulation result and evaluate
how well the proposed thresholds performed in
separating those with cognitive decline from
those without decline (again stratified by
meaningful change on the CDR-SOB) for the
combined datasets.

Both the PDF and CDF plots show separation
between the curves based on the proposed
minimal clinically important differences
between the decline and no decline groups for
MCI (0.05) and dementia (0.10) (PDF plots in
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Table 6 Anchor-based analysis: ADCOMS score change from baseline to month 12 CDR-SOB change score responder
group, stratified by APOE €4 carrier status for dementia patients

ADCOMS change Total ~Changes in CDR-SOB" Mean t-test  p-value®
score”® N No meaningful Meaningful Difference (95% CI)
decline decline
n n
Mean (SD) Mean (SD)
APOE &4 carrier
NACC 607 259 348 - 0.308 (- 0.334; -2279 < 0.0001
~0.007 (0.113) 0.301 (0.215) - 0.281)
ADNI 105 44 61 -0.275 (- 0.342; -8.11 < 0.0001
0.033 (0.097) 0.309 (0.239) - 0.208)
APOE €4 non-carrier
NACC 506 224 282 - 0.344 (- 0.376; -2125 < 0.0001
- 0.019 (0.123) 0325 (0.234) -0312)
ADNI 54 21 33 -0.243 (- 0.327; -5.78 < 0.0001
0.041 (0.115) 0.284 (0.193) - 0.158)

ADCOMS Alzheimer’s Disease Composite Score, ADNI Alzheimer’s Discase Neuroimaging Initiative, CDR-SOB Clinical
Dementia Rating Scale Sum of Boxes, CI confidence interval, NACC National Alzheimer’s Coordinating Center, SD s-

tandard deviation
*Change score = month 12 score — baseline score

bMc:-:aningful decline: CDR-SOB change > 1.0 from baseline to month 12

t-test

supplemental materials) (Fig. 1 for MCI; Fig. 2
for dementia).

DISCUSSION

This article builds upon previous research which
has established that the ADCOMS is a valid and
reliable tool. A major strength is that the overall
study sample was derived from three different
sources, including the ADNI, NACC, and a
legacy dataset made up of data from four studies
(the placebo groups from three MCI studies as
well as an earlier cut from the ADNI database,
which also contained MCI patients). Across
these disparate sources of information, using a
large sample of patients who ranged in severity
from MCI to dementia, the results were very
consistent.

The ADCOMS was specifically developed to
improve sensitivity to treatment effects by
choosing items from well-known measures that
were more sensitive to change than other
components of the measures. In fact, the
ADCOMS has previously demonstrated
improved sensitivity to clinical decline when
compared to traditional measures for AD, such
as the ADAS-Cog [11]. The ADCOMS demon-
strated sensitivity to both clinical decline and
treatment effect in MCI populations. However,
until now, thresholds for clinical meaningful-
ness were not evaluated. By defining thresholds
for clinically meaningful change on the
ADCOMS tool, this work is an important step in
allowing researchers to interpret clinical find-
ings and estimates of treatment effects in early
stage AD trials.
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Table 7 Triangulation table for meaningful change for MCI and dementia patients

MCI Dementia

Anchor-based Approach (CDR-SOB)

ROC analysis 0.02-0.05 0.11-0.15

Mean difference® 0.17-0.20 0.26-0.33

Median change” 0.14 0.26
Distribution-based approach

0.25*SD 0.02-0.03 0.05-0.09

0.5*SD 0.05-0.06 0.09-0.17

SEM 0.04-0.05 0.08-0.10

The range of values presented for MCI is from the three data sources (ADNI, NACC, pooled data). The range of values
presented for dementia is from the two data sources (ADNI, NACC)

ADCOMS Alzheimer’s Disease Composite Score, ADNI Alzheimer’s Disease Neuroimaging Initiative, CDR-SOB Clinical
Dementia Rating Scale Sum of Boxes, MCI mild cognitive impairment, NACC National Alzheimer’s Coordinating Center,
SD standard deviation, ROC receiver-operating characteristic, SEM standard error of measurement

“Mean difference between change in ADCOMS scores (from baseline to month 12) for patients with no meaningful decline
vs. meaningful decline at month 12 (defined by CDR-SOB > 0.5 for MCI; CDR-SOB > 1 for dementia)

®Median change in ADCOMS score among those who had meaningful decline on the CDR-SOB (defined by CDR-
SOB > 0.5 for MCI; CDR-SOB > 1 for dementia)

No Decline Decline

Density
3

10 /

0

04 -03 -02 -01 00 01 02 03 04 05 06 07 08
Change in ADCOMS from Baseline to Month 12

Changes in CDR-SOB from Baseline to Month 12
«===CDR-SOB No Decline, Change < 0.5 (n=995, median=-0.02, Q1=-0.06, Q3=0.01)
==CDR-SOB Decline, Change >0.5 (n=1006, median=0.14, Q1=0.07, Q3=0.21)

Fig. 1 CDF plot of the change in ADCOMS score from ADCOMS Alzheimer’s  Disease ~ Composite  Score,
bascline to month 12 by CDR-SOB for MCI patients. The CDF cumulative density function, CDR-SOB Clinical
dotted line indicates the proposed ADCOMS threshold Dementia Rating Scale Sum of Boxes, MCI mild cognitive
for  meaningful  change for MCI (0.05). impairment
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100
90
80
70
60
50 No Decline

Density

40
30
20
10

0
-04 03 -02 -01 00 01

Decline

02 03 04 05 06 07 08

Change in ADCOMS from Baseline to Month 12

Changes in CDR-SOB from Baseline to Month 12

==CDR-SOB No Decline, Change < 1.0 (n=603, median=0, Q1=-0.06, Q3=0.05)
==CDR-SOB Decline, Change >1.0 (n=809, median=0.26, Q1=0.16, Q3=0.43)

Fig. 2 CDF plot of the change in ADCOMS score from
baseline to month 12 by CDR-SOB for dementia patients.
The dotted line indicates the proposed ADCOMS
threshold for meaningful change for dementia (0.10).

Based on the triangulation evaluating the
range of anchor-based and distribution-based
estimates and the scores for participants at the
relevant timepoints, the following thresholds
for minimal clinically meaningful changes on
the ADCOMS have been proposed: MCI: 0.05;
dementia: 0.10.

Despite the large sample size and use of well-
established and published databases, there are
several important limitations to our study. One
is that we used retrospective databases that were
designed for other purposes than instrument
validation. Accordingly, we were limited to the
measures that were already included in the
databases. It might have been beneficial to have
other anchors to use for evaluation of mean-
ingful change or convergent and divergent
validity. Although we did also evaluate several
clinician global ratings and concluded that they
were not useful for the current analysis, it might
have been useful to have been able to compare
the ADCOMS results to other cognitive assess-
ments such as the Montreal Cognitive Assess-
ment (MOCA) [22]. Furthermore, since the
ADCOMS was derived from the measures we
used to validate the scale and establish mean-
ingful thresholds for change, the relationships

ADCOMS Alzheimer’s  Disecase ~ Composite  Score,
CDF cumulative density function, CDR-SOB Clinical
Dementia Rating Scale Sum of Boxes

between the underlying concepts might have
been overestimated, thus leading to lower esti-
mates for the thresholds of meaningful change.
Future research on meaningful change using
the ADCOMS should include additional
anchors to ensure broader validity.

A final limitation is that the NACC dataset
does not include the ADAS-Cog tool, so the
ADCOMS had to be imputed as described above
in the study methods. However, the model that
was used to impute the ADCOMS in the NACC
data fit the data from the ADNI and combined
legacy databases very well.

CONCLUSION

This paper builds upon previous research which
has established that the ADCOMS is a valid and
reliable tool. Establishing thresholds for clini-
cally meaningful change is a critical step in the
psychometric validation process that ensures
researchers are able to interpret clinical find-
ings. This work on establishing thresholds for
clinically meaningful change on the ADCOMS
will enable researchers to more readily use the
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ADCOMS as an outcome measure for clinical
trials in both MCI due to AD and dementia.
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