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Abstract.

Background: Alzheimer’s disease (AD) causes progressive decline of cognition and function. There is a lack of systematic
literature reviews on prognostic and predictive factors in its early clinical stages (eAD), i.e., mild cognitive impairment due
to AD and mild AD dementia.

Objective: To identify prognostic factors affecting eAD progression and predictive factors for treatment efficacy and safety
of approved and/or under late-stage development disease-modifying treatments.

Methods: Databases were searched (August 2022) for studies reporting prognostic factors associated with eAD progression
and predictive factors for treatment response. The Quality in Prognostic Factor Studies tool or the Cochrane risk of bias
tool were used to assess risk of bias. Two reviewers independently screened the records. A single reviewer performed data
extraction and quality assessment. A second performed a 20% check. Content experts reviewed and interpreted the data
collected.

Results: Sixty-one studies were included. Self-reporting, diagnosis definition, and missing data led to high risk of bias.
Population size ranged from 110 to 11,451. Analyses found data indicating that older age was and depression may be
associated with progression. Greater baseline cognitive impairment was associated with progression. APOE4 may be a
prognostic factor, a predictive factor for treatment efficacy and predicts an adverse response (ARIA). Elevated biomarkers
(CSF/plasma p-tau, CSF t-tau, and plasma neurofilament light) were associated with disease progression.

Conclusions: Age was the strongest risk factor for progression. Biomarkers were associated with progression, supporting
their use in trial selection and aiding diagnosis. Baseline cognitive impairment was a prognostic factor. APOE4 predicted
ARIA, aligning with emerging evidence and relevant to treatment initiation/monitoring.
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INTRODUCTION

Alzheimer’s disease (AD) and other neurodegen-
erative diseases causing dementia are a substantial
health and societal challenge. An estimated 57 mil-
lion people globally were living with dementia in
2019 and this is expected to increase to more than
150 million by 2050 [1]. AD is the most common
form of dementia and accounts for 60—80% of cases
[2].

AD is characterized by cognitive deficits that man-
ifest as decline in memory, reasoning, and thinking,
as well as changes in function and behavior [3]. AD is
a progressive condition, although the rate of decline
is heterogeneous among patients [4]. AD progression
can be divided into three phases: 1) preclinical dis-
ease, 2) mild cognitive impairment (MCI, also known
as prodromal AD), and 3) clinically apparent demen-
tia [5]. The early clinical stages of AD (eAD) are
defined as MCI due to AD and mild AD dementia
[3].

AD is defined by neuropathologic changes, includ-
ing amyloid-3 (AB) plaques comprised of aggregated
AP, neurofibrillary tangles containing aggregated tau
proteins, and neurodegeneration [6]. Although, there
is no cure for AD, there are treatment options—anti-
amyloid monoclonal antibodies—that have been
recently approved in the US (aducanumab [7] and
lecanemab [8]) and more that are currently in late-
stage clinical trials or under review (donanemab,
remternetug) [9, 10]. As of early 2022, there are more
than 140 agents in clinical trials for AD [11].

Randomized controlled trials (RCTs) of anti-
amyloid monoclonal antibodies show marked reduc-
tion of plaque amyloid on amyloid PET. The US
Food and Drug Administration (FDA) accepted this
biomarker change as reasonably likely to predict
clinical benefit from treatment with lecanenamb and
aducanumab and granted accelerated approval on
that basis [7, 8]. Results from lecanemab confirmed
the “reasonably likely” hypothesis by demonstrating
clinical benefit in a Phase 3 clinical trials and being
granted with full approval in the US [12, 13].

Most of the published reviews on prognostic fac-
tors focus on progression from pre-clinical stages to
either MCI or dementia or MCI to dementia. Despite
many single studies having evaluated factors that are
prognostic of the natural history of AD in its early
clinical stages or that may be predictive of the effi-
cacy and safety of current treatments, there is a lack
of systematic literature reviews (SLRs) that have
collated this evidence. Therefore, the present sys-

tematic review was conducted to synthesize evidence
on prognostic factors associated with eAD progres-
sion and predictive factors for treatment efficacy and
safety.

METHODS

Study identification

Literature searches and study selection

The systematic review protocol was pre-registered
in the International Prospective Register of System-
atic Reviews (PROSPERO) and can be accessed at
https://www.crd.york.ac.uk/prospero/display _record.
php?ID=CRD42022358716. Reporting aligns with
the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement
and checklists can be found in Supplementary
Tables 1 and 2 [14].

Systematic literature searches were performed
on 3 August 2022 to identify prognostic factors
associated with eAD progression and predictive
factors associated with treatment outcomes (effi-
cacy and safety) with high-clearance anti-amyloid
monoclonal antibodies. A combination of subject
heading terms and text words were used to identify
relevant publications in the following electronic bib-
liographic databases (searched via Ovid): Embase,
Evidence-based medicine (EBM) Reviews, and
Medline (Epub Ahead of Print and In-Process,
In-Data-Review & Other Non-Indexed Citations).
A full search strategy is presented in Supplemen-
tary Table 3. The reference lists of the included
studies and an associated SLR of RCTs evidence of
high-clearance amyloid-beta-targeting monoclonal
antibodies for the treatment of eAD (https://www.crd.
york.ac.uk/prospero/display _record.php?ID=CRD42
022360446) were also searched to identify relevant
evidence.

Two reviewers independently performed title and
abstract screening followed by full paper screening
using the inclusion and exclusion criteria presented
in Table 1. Data were extracted by a single reviewer
based the checklist for critical appraisal and data
extraction for systematic reviews of prediction mod-
elling studies (CHARMS) checklist [15] and a second
reviewer performed a 20% check. Any discrepan-
cies were checked and resolved by a third reviewer.
In summary, full publications of observational stud-
ies were included if they reported prognostic factors
associated with disease progression in eAD (MCI
and mild AD dementia). Full publications of RCTs
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Eligibility criteria for systematic literature review

Inclusion criteria

Exclusion criteria

Population

e Mild cognitive impairment or mild
dementia due to AD (also referred to
as early AD)

e Familial AD

e Moderate to severe dementia due to AD

e Any other dementia not caused by AD
(e.g. vascular dementia, Lewy body
dementia, mixed dementia, etc.)

Intervention

e No restrictions for prognostic studies

e For predictive studies, approved or under
late-stage development disease-modifying
treatments:
o Aducanumab
o Donanemab
o Gantenerumab
o Lecanemab

o NA

Index prognostic factor

e No restrictions however examples may
include:
o Risk factors (age, sex, smoking,
co-morbidities)
e Symptoms (depression)
e Global performance (MMSE, FAQ)
e Biomarkers
e Imaging biomarker
o Genetic factors such as APOE

o NA

Comparator prognostic factors

e No restrictions

o NA

Outcomes™

e No restrictions for prognostic studies
however examples may include:
o Progression from one clinical state to
another (MCI due to AD to AD)
o Progression measured an outcome
measure (MMSE, CDR-SB)
e No restrictions for prediction studies
however outcomes may typically
be categorized as
o Efficacy outcomes (as measured
by MMSE, CDR-SB)
o Safety outcomes (ARIA)

o NA

Timing

e No restrictions

o NA

Setting

e Predictive factors
o Clinical setting (Randomized
controlled trials)
e Prognostic factors
o Clinical and real-world setting
(Prospective cohort studies,
Retrospective cohort studies)
e Systematic literature reviews

e Preclinical/animal studies
e Cross-sectional studies

e Case series

e Case reports

Language

e English language publications only

o NA

Publication type

o Full publications only

e Conference abstracts

Publication date

e 2011 onwards

AD, Alzheimer’s disease; APOE, apolipoprotein E; ARIA, amyloid related imaging abnormalities, CDR-SB, clinical dementia rating scale
— sum of boxes; FAQ, functional activities questionnaire; HR, hazard ratio; MCI, mild cognitive impairment; MMSE, Mini-Mental State
Examination; NA, not applicable; OR, odds ratio; RR, risk ratio. *Association of prognostic factors and progression reported as HR, RR, or

OR.

were included if they reported factors affecting
response to currently approved and/or under late
stage of development, anti-amyloid monoclonal anti-
bodies (aducanumab, donanemab, gantenerumab, or
lecanemab [no dose restriction]) in eAD. Restrictions
included full publications only, English language and
studies published from 2005 onwards (to coincide

with the year of last approved indication extension of
an AD symptomatic treatment) [16].

AD is a well-researched disease area, and a high
number of eligible studies were expected. Therefore,
a mapping exercise informed by clinical experts was
performed based on factors reported by multiple pub-
lications, study size (n>100), further restriction of
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publication date (last 10 years) and prognostic and
predictive factors at both title and abstract and full
paper screening stage. A summary of mapped stud-
ies was presented to clinical experts via email and
advice sought on which factors were most appropriate
to prioritize.

Data extraction

The following data were extracted: study design,
study location, data source, diagnostic criteria (for
both MCI and AD), sex, age, follow up, popula-
tion size, type of progression (e.g., MCI to AD,
mild to moderate AD, decline in Mini-Mental State
Examination (MMSE)), proportion who progressed,
definition of prognostic/predictive factor, effect mea-
sure (hazard ratio (HR), odds ratio (OR), risk ratio
(RR)), type of analysis and factors adjusted for. Data
were extracted into tables by a single reviewer and a
second reviewer performed a 20% check.

Risk of bias assessment

The QUIPS tool was used to assess risk of bias in
observational studies [17], while the Cochrane risk
of bias tool was used for randomized controlled tri-
als [18]. The assessment was performed by a single
reviewer and a 20% check conducted by a second
reviewer. Any discrepancies were resolved by a third
reviewer.

Data analysis and reporting

Data were analyzed separately for prognostic and
predictive factors in eAD. Prognostic factors are mea-
sures associated with changes in prognosis in the
natural course of disease. Evidence on prognostic
factors was extracted from observational studies. Pre-
dictive factors are factors that are predictive of a
greater benefit or greater harm in response to a given
therapy and identified by comparing the effects of
factors in treated versus untreated populations. RCTs
are the most suitable studies to evaluate predictive
factors because they apply the strictest approach to
determine a cause-and-effect relationship.

The definitions of prognostic and predictive as
applied to the biomarkers identified adhere to the
Context of Use approach presented in the Biomark-
ers, Endpoints, and other Tools (BEST) Resource
of the US Food and Drug Administration [19]. Pre-
dictive biomarker is defined by the finding that the
presence or change in the biomarker predicts an
individual or group of individuals more likely to

experience a favorable or unfavorable effect from
the exposure to a medical product or environmen-
tal agent. A prognostic biomarker is used to identify
the likelihood of a clinical event, disease recurrence,
or disease progression in patients with a disease or
medical condition of interest.

Data interpretation

The findings of this SLR were reviewed by con-
tent experts who provided perspectives on the data
collected.

Use of human or animal subjects

This study did not have any direct human or animal
participants.

RESULTS
Search results

The PRISMA flow chart of record screening is
presented in Fig. 1. A total of 4,498 records were
retrieved by the database searches. Deduplication
resulted in the removal of 304 records, leaving 4,194
eligible publications that were screened by title and
abstract. A total of 356 records were screened by full
text and 239 were excluded. Excluded studies and
the reasons for exclusion are reported in Supplemen-
tary Table 5. A further 17 studies were identified by
reference checking, giving 134 records that were eli-
gible for prioritization. Following consultation with
clinical experts, 62 records (61 studies) were pri-
oritized for data extraction. The main reason for
de-prioritization was study size, i.e., n<100 (n=41
studies; Supplementary Table 6).

Risk of bias assessment

The QUIPS risk of bias assessment tool showed
that 42 of the included observational studies had a
high risk of bias, 11 had a moderate risk, and 3
had a low risk (Supplementary Table 7). In general,
studies had a high or moderate risk of bias due to
methods of reporting prognostic factor measurement
(self-reporting), outcome measurement (definition of
diagnosis of AD), or study confounding (poor report-
ing of definitions).

The RoB2 risk of bias assessment tool showed
that three studies had a high risk of bias and two
had a moderate risk of bias (Supplementary Table 8).
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[ Identification of studies via databases

] [ Identification of studies via other sources ]

Records identified from databases:
EMBASE: (n=3781)
Medline in Process: (n=454)
EBMR (CDSR, DARE). (n=116)
EBMR (CENTRALY): (n=147)

Identification

Total: (n=4498)

Records removed before
screening:

Duplicate records removed: (n=304)

Additional records from:
Hand searching: (n=17)

Records screened at ti/ab:
(n=4194)

Records excluded: (Total: n=3838)
=) Population (n=1582)

Study design (n=1737)

Duplicate (n=58)

Animal or invitro study: (n=22)

Protocol only (n=65)

Review/Editorial (n=134)

Publication date 2011 or eariier (n=112)
Conference abstract (n=46)

Language (n=82)

Records assessed for eligibility at full

Screening

(n=356)

Records excluded: (Total: n=239)
text: »| Population (n=97)

Language (n=2)

Qutcome (n=118)

Study design (n=20)

Review/Editorial (n=2)

Records assessed for prioritisation:
(n=134)

Total studies prioritised for DE in
review:

Included ] [

»| Records de-prioritised for DE (Total: n=72)

N<100 participants at baseline (n=42)

De-prioritised biomarkers (n=9)

De-prioritised genetic factors (n=6)

l De-prioritised global performance factors (n=8)
De-prioritised imaging biomarkers (n=2)

De-prioritised risk factors (n=3)

De-prioritised symptoms (n=2)

n=61
(Records of total included studies: n=62)

[

Abbreviations: CDSR, Cochrane Database of Systematic Reviews; DARE, the database of abstracts of review of effects; DE, data extraction;
EBMR, evidence-based medicine reviews; n, number; PRISMA, Preferred Reporting Items in Systematic Reviews and Meta-Analyses.

Fig. 1. PRISMA flow chart.

The main reasons for high risk of bias were miss-
ing data (i.e., loss to follow up, results not reported
for all patients and missing data for cerebrospinal
fluid (CSF) and magnetic resonance imaging (MRI)
assessments) and measurement of the outcomes (i.e.,
it was unclear if outcome assessors were blinded).

Characteristics of included studies

A summary of the characteristics of the 61 included
studies is presented in Table 2 (all RCTs and obser-
vational studies at low or moderate risk of bias) and
Supplementary Table 4 (observational studies at high
risk of bias). Overall, 41 of the studies had a ret-
rospective cohort design while 15 were prospective
cohort studies. Five RCTs were included. Most stud-
ies (n=32) were conducted in North America, while
16 were conducted in Europe, eight in Asia, and five
were worldwide. The population size ranged from

110 [20] to 11,451 [21]. The maximum follow-up
duration was up to 15 years [22].

Prognostic factors and their association with
disease progression

Results of identified studies reporting prognostic
factors associated with disease progression in terms
of transition from one disease stage to another, i.e.,
MCI to AD or mild AD to moderate AD are sum-
marized in Table 3. For the purposes of analysis,
the focus was on observational studies with a low
or moderate risk of bias.

Apathy. One study assessed the relationship
between apathy and disease progression in non-
depressed MCI patients [23] (Table 3). This study
found that symptoms of apathy increased the risk
of progression from MCI to AD in non-depressed



Table 2
Included studies
Study Country Study design Population n Diagnostic criteria Diagnostic use Female: N (%) Mean age Follow up
(centers) (source, date) MCI due to AD AD dementia CSF PET (SD)*
Prognostic factors
Cullen 2021 [28] ee  BioFINDER Retrospective cohort BioFINDER BioFINDER BioFINDER NR NR BioFINDER BioFINDER 4y
Sweden Multiple BioFINDER MCI: n=340 Petersen criteria DSM-5 criteria 54 (36.5) ADNI 71.36 (5.47) ADNI
(n=NR) Dates: July 2008 to ADNI (Petersen 2004) ADNI 42 (51.2) 71.51 (7.59)
ADNI June 2019 MCI: n=543 ADNI NINCDS-ADRDA
USA, Canada ADNI NR criteria (McKhann
Dates: Sep 2005 and 1984)
Dec 2019
Janelidze 2020 [51]  Sweden Prospective cohort MCI: n=125 Petersen criteria As reported in NR NR 48 (38.4) Range: 63-76 49y
oo (Multicenter: n=2)  (Swedish (Petersen 2004) BIOFINDER
USA BioFINDER study
(Single center n=1)  and Arizona Study of
Aging and
Neurodegenerative
Disorders/Brain and
Body Donation
Program)
Dates: NR
Lee 2012 [25] oo South Korea Prospective cohort MCI: n=504 Petersen criteria NINCDS-ADRDA NR NR 325 (64.5) 70.8 (NR) 147y
Multicenter (n=56) (Nationwide (Winbland 2004) criteria (McKhann (Range: 5.5
hospital-based cohort 1984) moto5y)
from Clinical
Research Center for
Dementia of South
Korea)
Dates: 2006 to 2010
LoBue 2018 [27] e Canada, USA Retrospective cohort MCI: n=2719 Peterson 2005 NINCDS/ADRDA NR NR 1342 (49.4) NR Median: 4 y
Multiple (n=34) (ADNI) criteria (McKhann (IQR 2 to
Dates: Sep 2005 to 1984) 5y)
Jun 2015
Mouchet 2021 [35]  USA Multiple Prospective cohort MCI: n=3830 Albert 2011 McKhann 2011 NR NR 483 (58.2) 78.5 (8.8) Mean 3.6 y
oo (n=NR) (NACC UDS) (SD: 2.5;
Dates: Sep 2005 to Range:
Feb 2019 0-11)

(Continued)
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Table 2

(Continued)
Study Country Study design Population n Diagnostic criteria Diagnostic use Female: N (%) Mean age Follow up
(centers) (source, date) MCI due to AD AD dementia CSF PET (SD)*
Palmqvist 2021 [29] ADNI: USA, Canada Retrospective cohort BioFINDER MCI: BioFINDER BioFINDER NR Yes BioFINDER NR 4y
. Multiple (n=NR) ADNI n=148 ADNI Petersen 2004 ADNI NINCDS/ADRDA 283 (52.1) ADNI
BioFINDER: Dates 2003 to 2019  MCI: n=86 Subjective memory  criteria (McKhann 168 (49.4)
Sweden Multiple BioFINDER concern; abnormal 2011) were
(n=NR) Dates: 2010 to 2014 memory function AB-positive
score MMSE score  according to the AR
between 24 and 30,  PET scan (Landau
CDR =0.5, preserved 2012) ADNI
cognition and NINCDS/ADRDA
functional criteria (McKhann
performance 2011)
Pichet Binette 2022  USA Unclear Retrospective cohort MCI: n=110 Peterson 2005 McKhann 2011 Y Y 52 (47.3) NR 3y
[20] (n=NR) NCT01028053
Dates: 2009 to 2014
Pyun 2017 [26] ee Canada, USA Retrospective cohort MCI: n=258 Presence of objective As described in NR NR 101 (39.1) Median: 74.1 IQR: Upto3y;
Multicenter (r=NR) (ADNI) memory impairment ADNI 69.5-78.5) Median 24
Dates: 2003 to 25th but without meeting mo
May 2017 the criteria for
dementia
Richard 2012 [23] ee Canada, USA Retrospective cohort MCI: n=397 As reported in the As reported in the NR NR 141 (35.5) NR Average: 2.7
Multiple (n>50) (ADNI) ADNI ADNI y (SD 1.0)
Dates: 2003 to Jun
2011
Spalletta 2012 [34] o Italy Multiple (n=3) Prospective cohort Mild AD dementia: NA NINCDS-ADRDA NR NR 67 (56.3) 74.7 (6.3) ly
(Italian memory n=119 criteria (McKhann
clinics) 1984)
Dates NR
Spencer 2019 [31] ee Canada, USA Retrospective cohort MCI: 185 MMSE score Diagnosis of NR NR 63 (34) NR Mean 4.3y
Multiple (n=NR) (ADNI) between 24 and 30, a dementia at (SD: 2.8)
Dates: Aug 2005 and CDR rating of 0.5, follow-up was

Sep 2007

both a subjective
memory complaint
and an objective
memory impairment,
intact ADL, and
absence of dementia

determined by the
study clinician.
Criteria as described
in the ADNI
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Therriault 2021 [30] Canada, USA Retrospective cohort ~ MCI: n=604 CDR of 0.5, with the ~ Asreportedin ADNI NR NR 257 (42.5) 72.2 (7.47) Median 4.1
oo Multiple (n=NR) (ADNI) memory box score of y
Dates: NR to 2020 at least 0.5, with (SD:1.34)*
preserved general
cognitive
performance
Tosto 2014 [36] ee Canada, USA Retrospective cohort ~ MCI:N=332 Aged between 55 NA NR NR 118(35) 74.6 (7.4) 48 mo
Multicenter (n=NR)  (ADNI) and 90 y; a memory
Dates: NR symptom; objective
evidence of
abnormal memory;
CDR score of 0.5,
with a Memory Box
score of at least 0.5;
MMSE score
between 24 and 30
(inclusive);
preserved general
cognition
Van Loenhoud 2022 Netherlands Single Retrospective cohort ~ MCI: n=274 Albert 2011 McKhann 2011 Y Y 130 47.4) 67.1(7.4) Median 2.3
[52] e (n=1) (Amsterdam y*
Dementia Cohort)
Dates: 2000 and
2019
Wolfsgruber 2017 Germany Multiple Retrospective cohort ~ MCI: n=134 Bondi 2014 Dubois 2016 Y Y 62(46.3) 65.5 (8.1) 27.0 (0.95)
[33] e (n=NR) (German DCN) mo
Dates: NR
Xue 2020 [32] oo Canada, USA Retrospective cohort ~ MCI: n=193 MMSE score NINCDS-ADRDA NR NR 63(32.6) 74.4 (7.5) NR
Multiple (n>50) (ADNI) between 24 and 30; criteria (had MMSE
Dates: From 2003 CDR score of 0.5; scores between
objective memory 20-26 and a CDR of
loss preserved ADL, 0.50r 1.0)
and the absence of
dementia
Budd Haeberlein EMERGE: Multiple ~ Two Phase 3 RCTs: eAD MCI due to AD or MCI due to AD or NR Y eAD eAD 78 weeks
2022 [7] (n=180) ENGAGE: EMERGE & EMERGE mild AD dementia, mild AD dementia, EMERGE EMERGE
oo (Associated Multiple (n=181) ENGAGE Placebo: n=548 CDR of 0.5, CDR of 0.5, Placebo: 290 (53) Placebo: 70.8 (7.4)

publication Salloway
2022 [37]

Enrolment occurred

from Aug 2015 to Jul

2018, and the trials
were terminated
early (Mar 21, 2019)
based on a futility
analysis.

Low dose: n=543
High dose: n=547
ENGAGE
Placebo: n=545
Low dose: n=547
High dose: n=555

objective evidence of
cognitive impairment
at screening, MMSE
score of 24 to 30

objective evidence of
cognitive impairment
at screening, MMSE
score of 24 to 30

Low dose: 269 (50)
High dose: 284 (52)

ENGAGE

Placebo: 287 (53)
Low dose: 284 (52)
High dose: 292 (53)

Low dose: 70.6 (7.4)
High dose: 70.6 (7.5)

ENGAGE

Placebo: 69.8 (7.7)
Low dose: 70.4 (7.0)
High dose: 70.0 (7.7)

(Continued)
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Table 2

(Continued)
Study Country Study design Population n Diagnostic criteria Diagnostic use Female: N (%) Mean age Follow up
(centers) (source, date) MCI due to AD AD dementia CSF PET (SD)*
Mintun 2021 [9] ee  Canada, USA Phase 2 RCT: eAD Dubois 2007 Dubois 2007 NR v Donanemab: 68 Donanemab: 75.0 72 wk
Multiple (n=56) TRAILBLAZER- Donanemab: n=131 (51.9) (5.6)
ALZ (donanemab Placebo: n=126 Placebo: 65 (51.6) Placebo: 75.4 (5.4)
versus placebo)
Ostrowitzki 2017 ‘Worldwide Phase 3 RCT: Scarlet Prodromal AD Dubois 2007 NA v v NR Placebo: 69.5 (7.5) 2y
[39] e 0@ Multiple (n=128) RoAD Placebo: n=266 105 mg: 70.3 (7.0)
(gantenerumab 105 mg: n=271 255 mg: 71.3 (7.1)
versus placebo) 255 mg: n=260
Sevigny 2016 [38] ee USA Phase 1b RCT: eAD Derby 2013 McKhann 2011 NR v Placebo: 23 (58) Placebo: 72.8 (7.2) 54 wk
Multiple (n=33) PRIME (placebo Placebo: n=40 Dubois 2010 1 mg/kg: 13 (42) 1 mg/kg: 72.6 (7.8)
versus multiple dose 1 mg/kg: n=31 3mg/kg: 17 (53) 3mg/kg: 70.5 (8.2)
aducanumab) 3mg/kg: n=32 6 mg/kg: 15 (50) 6mg/kg: 73.3 (9.3)
Oct 2012 to Jan 2014 6 mg/kg: n=30 10 mg/kg: 15 (47) 10mg/kg: 73.7 (8.3)
10 mg/kg: n=32
Swanson 2021 [8] Worldwide Phase 2b RCT: Patients with MCI eAD NIAA-AA NIAA-AA v Placebo: 137 (58) Median (range) 18 mo

Multiple (n = 169)

BAN2401-G000-201
(placebo versus
multiple dose
lecanemab)

due to AD or mild
AD dementia
Dates: NR

Placebo: n=245
Lecanemab: n=609

2.5 mg/kg biweekly:

26 (50)
5mg/kg
Monthly:
24 (50)
5Smg/kg
Biweekly
48 (54)
10 mg/kg
Monthly
110 (45)
10 mg/kg
Biweekly
64 (42)

Placebo: 72 (50-89)
2.5 mg/kg biweekly:
71 (50-86)

Smg/kg

Monthly:

71 (55-84)

Smg/kg

Biweekly

72 (52-87)

10 mg/kg

Monthly

71 (53-90)

10 mg/kg

Biweekly

73 (51-88)

AD, Alzheimer’s Disease; ADL, Activities of daily living; ADNI, Alzheimer’s Disease Neuroimaging Initiative; CDR, The Clinical Dementia Rating; DCN, German Dementia Competence
Network; DSM, Diagnostic and Statistical Manual of Mental Disorders; IQR, interquartile range; MCI, mild cognitive impairment; mo, month; MoCA, The Montreal Cognitive Assessment;
MMSE, Mini-Mental State Examination; MSCI, Moderate/Severe Cognitive Impairment; NACC, National Alzheimer’s Coordinating Center; NIA-AA, National Institute on Aging and the
Alzheimer’s Association criteria; NINCDS/ADRDA, National Institute of Neurological and Communicative Diseases and Stroke/Alzheimer’s Disease and Related Disorders Association; NR, not
reported; PET, positron emission tomography; SD, standard deviation; UDS, uniform data set; wk, week; y, year. *Unless otherwise stated. e low risk of bias ee moderate risk of bias e e e high

risk of bias.
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Table 3

Prognostic factors and their association with disease progression in eAD studies with low or moderate risk of bias

Prognostic factor Study Population (N) Measure of progression Follow-up Type of analysis Statistical results Effect on
progression
Symptoms (apathy)
Using the GDS-15 Richard 2012 [23] e  MCIN=397 MCI — AD Average: 2.7 y (SD 1.0) Cox proportional HR: 1.85;95% CI:  Increase
assessment the hazards models 1.09, 3.15; p=NR
presence of symptoms (adjusted for age,
of apathy were gender, education, and
dichotomized into any baseline MMSE
symptom versus no score)
symptoms
Symptoms
(depression)
Using the GDS-15 Richard 2012 [23] ee  MCIN=397 MCI — AD Average: 2.7y (SD 1.0) Cox proportional HR: 1.15;95% CI:  No evidence of
assessment the hazards models 0.72,1.83; p=NR effect
presence of symptoms (adjusted for age,
of depressive affect gender, education, and
were dichotomized baseline MMSE
into any symptom score)
Versus no symptoms
Risk factor (age)
Definition NR Lee 2012 [25] oe MCIN=504 MCI — AD 1.47y (Range: 5.5 moto5y) Multivariable Cox OR: 1.03;95% CI:  Increase
proportional hazards 1.00, 1.06;
model analysis p=0.041
(adjusted model for
age, education and
KMMSE score)
Definition NR Pyun 2017 [26] ee MCIN=258 MCI — AD Up to 3 y; Median 24 mo Multivariate Cox HR: 0.996; 95% No evidence of
regression analysis CI: 0.970, 1.023; effect
(adjusted for MTA, p=NR
PA, age, sex,
education, APOE &4
carrier, ADAS-cog 11,
CDR SB, and CSF
p-tau)
Risk factor (sex)
Female Pyun 2017 [26] ee MCIN=258 MCI — AD Up to 3 y; Median 24 mo Multivariate Cox HR: 1.152; 95% No evidence of

regression analysis
(adjusted for MTA,
PA, age, sex,
education, APOE &4
carrier, ADAS-cog 11,
CDR SB, and CSF
p-tau)

CI: 0.797, 1.665;
p=NR

effect

[4¢4
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Prognostic factor

Measure of progression

Type of analysis

Statistical results

Effect on
progression

Risk factor
(education)
Definition NR

Education duration

Lee 2012 [25] ee 1.47 y (Range: 5.5 moto5y)

Pyun 2017 [26] ee Up to 3 y; Median 24 mo

Multivariable Cox
proportional hazards
model analysis
(adjusted model for
age, education and
KMMSE score)
Multivariate Cox
regression analysis
(adjusted for MTA,
PA, age, sex,
education, APOE &4
carrier, ADAS-cog 11,
CDR SB, and CSF
p-tau)

OR: 1.08; 95% CI:

1.04, 1.13;
»<0.001

HR: 0.954; 95%
CI: 0.900, 1.011;
p=NR

Increase

No evidence of
effect

Risk factor (amnesic
MCI)

Amnesic MCI

Lee 2012 [25] ee 1.47 y (Range: 5.5 moto 5 y)

Multivariable Cox
proportional hazards
model analysis
(adjusted model for
age, education and
KMMSE score)

OR:2.47;95% CI:

0.94, 6.52;
p=0.068

No evidence of
effect

Risk factor (traumatic
brain injury)

Subjects with a
history of traumatic
brain injury with loss
of consciousness

LoBue 2018 [27] oo Amnestic MCI — AD Median: 4y (IQR2to 5 y)

Cox proportional
hazards models
(adjusted for age of
MCI diagnosis, race,
presence of APOE4
alleles, and family
history of dementia)

HR: 0.90; 95% CI:

0.70, 1.15;
p=0.39

No evidence of
effect
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Baseline cognition

ADAS-cog 11 Pyun 2017 [26] ee MCIN=258 MCI — AD Upto 3 y; Median 24 mo  Multivariate Cox HR:1.101;95% Increase
(impaired cognition regression analysis CI: 1.061, 1.144;

indicated by higher (adjusted for MTA,  p<0.001

score) PA, age, sex,

education, APOE &4
carrier, ADAS-cog 11,
CDR SB, and CSF

p-tau)
CDR SB (impaired Pyun 2017 [26] ee MCIN=258 MCI — AD Up to 3 y; Median 24 mo  Multivariate Cox HR: 1.526;95% Increase
cognition indicated by regression analysis  CI: 1.276, 1.824;
higher score) (adjusted for MTA,  p<0.001

PA, age, sex,

education, APOE &4
carrier, ADAS-cog 11,
CDR SB, and CSF

p-tau)
K-MMSE score Lee 2012 [25] oo MCIN=504 MCI — AD 1.47 y (Range: 5.5 mo to 5 y) Multivariable Cox OR: 0.90; 95% CI: Decrease
(normal at baseline) proportional hazards  0.85, 0.95;

model analysis p<0.001

(adjusted model for
age, education and
KMMSE score)

y1¢

Genetic factors

APOE &4 allele carrier Pyun 2017 [26] ee MCIN=258 MCI — AD Upto 3 y; Median 24 mo  Multivariate Cox HR:0.996;95%  No evidence of
regression analysis ~ CI: 0.674, 1.470; effect
(adjusted for MTA, p=NR
PA, age, sex,
education, APOE &4
carrier, ADAS-cog 11,
CDR SB, and CSF
p-tau)

Biomarkers (AB)

CSF AB Spencer 2019 [31] ee MCIN=185 MCI — AD Mean 4.3 y (SD: 2.8) Cox proportional HR: 3.5;95% CI: Increase
hazards regressions 2.0,6.1;
controlling for age p=1.63x10-5

CSF AB42 Wolfsgruber 2017 [33] ee MCI due to AD N=134 MCI due to AD — AD 27.0 (0.95) mo Cox-Proportional HR: 6.4; 95% CI: Increase
(abnormally low:<600 Hazard regression 2.9, 14.2;
pg/ml) analyses (adjusted for p<0.001
age, gender)
CSF AB Xue 2020 [32] oo MCIN=193 MCI — AD NR Cox proportional HR: 0.55;95% CI: Decrease

hazard regression 0.41, 0.75;
model (adjusted for  p<0.001
age, sex, educational

level, APOE &4

genotype)

(Continued)
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Table 3

(Continued)
Prognostic factor Study Population (N) Measure of progression Follow-up Type of analysis Statistical results  Effect on
progression

Biomarkers
(AB42/AB4o)
Plasma AB42/AB4o Cullen 2021 [28] e@  MCI BioFINDER: n =148 MCI — AD 4y Cox regression HR: 0.79; 95% No evidence of
(Abnormal) modelling adjusted for CI:NR, NR; effect

age, sex, education, p=0.5205

and baseline MMSE
Plasma AB42/AB4o Cullen 2021 [28] e MCI ADNI: n=87 MCI — AD 4y Cox regression HR: 0.8; 95% No evidence of
(Abnormal) modelling adjusted CI:NR, NR; effect

for age, sex, education p=0.0835

and baseline MMSE

Biomarkers (p-tau)

CSF p-tau Pyun 2017 [26] ee MCIN=258 MCI — AD Up to 3 y; Median 24 mo Multivariate Cox HR: 1.006; 95%  No evidence of
regression analysis CI: 1.000, 1.013;  effect
(adjusted for MTA, p=NR
PA, age, sex,
education, APOE &4
carrier, ADAS-cog 11,
CDR SB, and CSF
p-tau)
CSF P-tau Spencer 2019 [31] ee MCIN=185 MCI — AD Mean 4.3 y (SD: 2.8)  Cox proportional HR:2.9;95% CI:  Increase
hazards regressions 1.7,4.7,
controlling for age p=3.08x10-5
CSF p-tau Xue 2020 [32] oo MCIN=193 MCI — AD NR Cox proportional HR:2.31;95% CI: Increase
hazard regression 1.34, 3.93;
model (adjusted for p=0.002
age, sex, educational
level, APOE ¢4
genotype)
Plasma p-tau 181 Cullen 2021 [28] e  MCI BioFINDER: 1 =148 MCI — AD 4y Cox regression HR: 2.44; 95% Increase
Abnormal modelling adjusted CLI:NR, NR;
for age, sex, education p=0.0047
and baseline MMSE
Plasma p-tau 181 Cullen 2021 [28] ee MCI ADNI: n=87 MCI — AD 4y Cox regression HR: 2.500.8; 95% Increase
Abnormal modelling adjusted CI:NR, NR;
for age, sex, education p<0.0001
and baseline MMSE
Plasma p-tau 181 Palmqvist 2021 [29] e MCI ADNI: n=437 MCI — AD 4y Logistic regression OR: 2.84; 95% Increase
Abnormal models CI:2.06, 4.04;
p=NR
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Plasma Therriault 2021 [30] ee MCI N=604 MCI — AD Sy Cox proportional HR: 2.06; 95% CI: Increase
p-taul81>17.71 hazards models 1.55,2.74;
(high) (adjusted for APOE ~ p<0.001
&4, age, sex and years
of education)
CSF pTau 181 Wolfsgruber 2017 [33] ee MCI due to AD N=134 MCI due to AD — AD 27.0 (0.95) mo Cox-Proportional HR: 6.3;95% CI: Increase
(abnormally high:>60 Hazard regression 2.1,16.3;
pg/ml) analyses (adjusted for p<0.001
age, gender)
Plasma P-Tau 217 Palmqvist 2021 [29] ¢  MCI N=BioFINDER: n=176 MCI — AD 4y Logistic regression OR: 3.88; 95% Increase
Abnormal models CI:2.42, 6.66;
p=NR
t-tau
CSF t-tau Spencer 2019 [31] ee MCIN=185 MCI — AD Mean 4.3 y (SD: 2.8) Cox proportional HR: 1.9;95% CI: Increase
hazards regressions 1.3,2.8;
controlling for age p=1.15x10-3
CSF tau (abnormally ~ Wolfsgruber 2017 [33] ee MCI due to AD N=134 MCI due to AD — AD 27.0 (0.95) mo Cox-Proportional HR: 8.6; 95% CI: Increase
high: >300 pg/ml) Hazard regression 2.0, 36.7;
analyses (adjusted for p<0.001
age, gender)
CSF total tau Xue 2020 [32] oo MCIN=193 MCI — AD NR Cox proportional HR: 1.63; 95% CI: Increase
hazard regression 1.09, 2.44;
model (adjusted for  p=0.016
age, sex, educational
level, APOE €4
genotype)
t-tau/A ratio
CSF t-tau/A ratio Spencer 2019 [28] oo MCIN=185 MCI — AD Mean 4.3 y (SD: 2.8) Cox proportional HR: 3.6; 95% CI: Increase
hazards regressions 2.2,6.1;
controlling for age p=9.83x10-7
p-tau/Ap ratio
CSF p-tau/A ratio Spencer 2019 [31] ee MCIN=185 MCI — AD Mean 4.3 y (SD: 2.8) Cox proportional HR: 3.3;95% CI: Increase

hazards regressions
controlling for age

19,5.9;
p=4.03x10-5

(Continued)

91¢

AV SDF Ul SL0JID] dAUINP2LJ PUD DUSOUSOLJ [/ D 12 DI2ADD) [N



Prognostic factors and their association with disease progression in eAD studies with low or moderate risk of bias

Table 3

Prognostic factor Study Population (N) Measure of progression Follow-up Type of analysis Statistical results  Effect on
progression
Ng
CSF Ng Xue 2020 [32] oo MCIN=193 MCI — AD NR Cox proportional HR: 0.90; 95% CI: No evidence of
hazard regression 0.72, 1.11; p=309 effect
model (adjusted for
age, sex, educational
level, APOE &4
genotype)
NFL
Plasma NFL Cullen 2021 [28] e  MCI BioFINDER: n =148 MCI — AD 4y Cox regression HR: 2.56; 95% Increase
(abnormal) modelling adjusted for CI:NR, NR;
age, sex, education, p=0.0177
and baseline MMSE
Plasma NFL Cullen 2021 [28] ee MCI ADNI: n=87 MCI — AD 4y Cox regression HR: 1.75; 95% Increase
(abnormal) modelling adjusted for CL:NR, NR;
age, sex, education, p=0.0001
and baseline MMSE
Imaging Biomarker
MTA: Evaluated Pyun 2017 [26] ee MCIN=258 MCI — AD Up to 3 y; Median 24 mo Multivariate Cox HR: 1.424;95% Increase
using a five-point regression analysis CI: 0.997, 2.034;
rating scale developed (adjusted for MTA, p<0.05
by Scheltens et al. PA, age, sex,
education, APOE &4
carrier, ADAS-cog 11,
CDR SB, and CSF
p-tau)
Hippocampal volume  Spencer 2019 [31] ee MCIN=185 MCI — AD Mean 4.3y (SD: 2.8)  Cox proportional HR:2.4;95% CI:  Increase

as a percent of
intracranial volume
(HC % ICV)

hazards regressions
controlling for age

1.6, 3.6;
p=2.19x10-5

AR, amyloid B-protein; AD, Alzheimer’s disease; ADAS-cog, the Alzheimer’s Disease Assessment Scale-Cognitive Subscale; ADNI, Alzheimer’s Disease Neuroimaging Initiative; APOE,
apolipoprotein E; CDR-SB, The Clinical Dementia Rating — sum of boxes; CSF, cerebrospinal fluid; GDS, Geriatric Depression Scale; HR, hazard ratio; K-MMSE, Korean Mini-Mental State
Examination; MCI, mild cognitive impairment; MMSE, Mini-Mental State Examination; mo, month; MSCI, Moderate/Severe Cognitive Impairment; MTA, medial temporal lobe atrophy; N,
number; NFL, neurofilament light; NG, neurogranin; NR, not reported; OR: Odds Ratio; PA, posterior atrophy; P-Tau, phosphorylated tau; RR, Risk Ratio; t-tau, total tau; wk, week; y, year.

e low risk of bias ee moderate risk of bias.
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patients over an average follow up of 2.7 years (HR
1.85; 95% CI 1.09, 3.15; p=not report [NR]) [23].

Depression. One study assessed the relationship
between depression and disease progression [23, 24]
(Table 3). Over an average follow up on 2.7 years
depression had no impact on progression (HR 1.15;
95% CI1 0.72, 1.83; p=NR) [23].

Risk factors. Two studies assessed the relationship
between age and disease progression, with one report-
ing that older age increased the risk of progression
[25] and a second showing no impact [26] (Table 3).

One study investigated sex as a prognostic factor
for disease progression [26]. Over a median of 24
months, the study found that female sex did not affect
the risk of progression from MCI AD to AD (HR
1.152;95% C10.797, 1.665; p=NR) [26].

There were risk factors for which only one study
was identified where there was no statistically sig-
nificant association with disease progression (e.g.,
amnesic MCI, history of traumatic brain injury) [25,
217].

Education was reported in two studies but there
was no clear relationship with disease progression
[25, 26].

Baseline cognition. Two studies assessed the rela-
tionship between cognition and disease progression
(Table 3) [25, 26]. One study found that impaired
cognition at baseline (indicated by higher scores on
the Alzheimer’s Disease Assessment Scale-Cognitive
Subscale [ADAS-cog 11] and Clinical Dementia Rat-
ing Scale — Sum of Boxes [CDR-SB]) were associated
with a significantly increased risk of progression from
MCI to AD dementia over median 24 months [26].
A second study gave similar results, this time look-
ing at the effect in the opposite direction, i.e., normal
cognition at baseline (determined by the Korean Mini
Mental State Examination, K-MMSE) was associated
with return from MCI to normal cognition over 1.47
years in patients [25].

Genetic factors. One study reported genetics as a
prognostic factor for disease progression and found
that being a carrier of the apolipoprotein E &4
(APOE4) allele was not significantly associated with
progression from MCI to AD dementia over 1.47
years [26].

Biomarkers. In total, eight studies reported on
the relationship between disease progression and
biomarkers. There was a clear association between
elevated phosphorylated tau (p-tau) and increased
risk of progression from MCI to AD dementia for
both plasma [28-30] and CSF measures [31-33]. CSF
total tau (t-tau) was significantly associated with risk

of progression in three studies [31-33]. One study
reported that biomarkers such as CSF t-tau/A ratio
and CSF p-tau/Af} ratio were associated with dis-
ease progression over mean 4.3 years [31] (HR 3.6;
95% CI2.2,6.1; p=9.83x10~7 and HR 3.3; 95% CI
1.9,5.9; p=4.03x 107, respectively) while another
reported that plasma neurofilament light was asso-
ciated with disease progression over 4 years in two
separate cohorts (HR 2.56; 95% CI NR; p=0.0177,
HR 1.75; 95% CI: NR; p=0.0001) [28].

Imaging biomarkers. Two studies reported imag-
ing biomarkers and found significant associations
with disease progression. Reduced hippocampal vol-
ume corrected for intracranial volume at baseline
increased the risk of MCI progression to AD demen-
tia over mean 4.3 years (HR 2.4; 95% CI 1.6, 3.6;
p<0.0001) [31], while baseline mesiotemporal atro-
phy was also significantly associated with risk of
progression over median 24 months (HR 1.424; 95%
CI10.997, 2.034; p<0.05) [26].

Prognostic factors and their association with
cognitive outcomes

Results of identified studies reporting prognos-
tic factors associated with cognitive outcomes i.e.
decline in MMSE are summarized in Table 4. For the
purposes of analysis, the focus was on observational
studies with a low or moderate risk of bias.

Depression. One study reported that patients
with mild AD dementia and persistent depression
(depressed at both baseline and 1 year follow-up) had
ahigher risk of MMSE score decline (OR 6.4; 95% CI
1.7, 24.9; p = NR) than those with mild AD dementia
and recovered depression (depression at baseline that
recovers) and a similarly increased risk was reported
for patients with mild AD dementia who had incident
depression (depression at 1 year follow-up only) (OR
7.3;95% CI 1.4, 38.1; p=NR) [34]. However, a sec-
ond study found no association between depression,
Geriatric Depression Scale score, or Neuropsychi-
atric Inventory Questionnaire in MCI due to AD
patients and progression on the CDR-SB rating scale
at mean follow up of 3.6 years [35] (Table 4). Given
these contradictory results, decline in MMSE score
may be associated with a history of depression.

Risk factors. Two studies reported the relationship
between different risk factors and cognitive outcomes
in people with MCI [35, 36] (Table 4). Mouchet et al.
(2021) [35] used multivariate logistic regression anal-
ysis to identify risk factors for disease progression
over mean 3.6 years on the CDR-SB scale (compared



Table 4

Prognostic factors and their associated with cognitive outcomes in eAD studies with low or moderate risk of bias

Prognostic Study Population Progression in Follow up Type of analysis Statistical Effect on
factor Study N) terms of (and factors results progression
cognitive adjusted for)
outcomes
Symptoms
(depression)
Depression Mouchet 2021 MCI due to AD CDR-SB Fast Mean 3.6 y (SD: Multivariate OR: 1.19; 95% CI: No evidence of
[35] e N=830 progression (mean 2.5; Range: 0-11) multinomial 0.61,2.32; p=NR effect
change/y [95% logistic regression
CI]=+1.8 analyses
[1.6-2.1] points
Depression Mouchet 2021 MCI due to AD CDR-SB Slow Mean 3.6 y (SD: Multivariate OR: 0.93;95% CI: No evidence of
[35] ee N=830 progression (mean 2.5; Range: 0-11) multinomial 0.49, 1.75; p=NR effect
change/y [95% logistic regression
CI]=+0.5 analyses
[0.4-0.6] points)
Depression Spalletta 2012 Mild AD dementia Decline in MMSE ly Adjusted risk OR: 7.3;95% CI: Increase
(incident): only [34] ¢ N=119 score (adjusted for age, 1.4,38.1;p=NR
depression at sex, education,
follow-up apathy, AChEI,
MMSE,
antidepressant
medication)
Depression (never Spalletta 2012 Mild AD Decline in MMSE ly Adjusted risk OR: 3.1;95% CIL: No evidence of
depressed): never [34] @ dementia N=119 score (adjusted for age, 1.0, 10.1; p=NR effect

depressed at
baseline or
follow-up

sex, education,
apathy, AChEI,
MMSE,
antidepressant
medication)

(Continued)
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Table 4
(Continued)
Prognostic Study Population Progression in Follow up Type of analysis Statistical Effect on
factor Study N) terms of (and factors results progression
cognitive adjusted for)
outcomes
Depression Spalletta 2012 Mild AD Decline in MMSE ly Adjusted risk OR: 6.4; 95% CI: Increase
(persistent): [34] @ dementia N=119 score (adjusted for age, 1.7,24.9; p=NR
depressed at both sex, education,
baseline and apathy, AChEI,
follow-up) MMSE,
antidepressant
medication)
GDS Mouchet 2021 MCI due to AD CDR-SB Fast Mean 3.6 y (SD: Multivariate OR: 1.04;95% CI: No evidence of
[35] ee N=830 progression (mean 2.5; Range: 0-11) multinomial 0.91, 1.20; p=NR effect
change/y [95% logistic regression
CI]=+1.8 analyses
[1.6-2.1] points
GDS Mouchet 2021 MCI due to AD CDR-SB Slow Mean 3.6 y (SD: Multivariate OR: 0.93;95% CI.: No evidence of
[35] ee N=830 progression (mean 2.5; Range: 0-11) multinomial 0.81, 1.07; p=NR effect
change/y [95% logistic regression
CI]=+0.5 analyses
[0.4-0.6] points)
Symptoms
(neuropsychiatric
symptoms)
Baseline NPI-Q Mouchet 2021 MCI due to AD CDR-SB Fast Mean 3.6 y (SD: Multivariate OR: 1.02;95% CI. No evidence of
[35] ee N=830 progression (mean 2.5; Range: 0-11) multinomial 0091, 1.13; p=NR effect
change/y [95% logistic regression
CI]=+1.8 analyses
[1.6-2.1] points
Baseline NPI-Q Mouchet 2021 MCI due to AD CDR-SB Slow Mean 3.6 y (SD: Multivariate OR: 1.07;95% CI: No evidence of
[35] e N=830 progression (mean 2.5; Range: 0-11) multinomial 0.97,1.19; p=NR effect

change/y [95%
CI]=+0.5
[0.4-0.6] points)

logistic regression
analyses

Risk factors (age)

(Continued)
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Definition NR Tosto 2014 [36] ee MCI due to AD Progression rate of 48 mo Cox proportional HR: 0.992; 95% No evidence of
N=332 a 3-point decline hazards models - CI: 0.97, 1.01; effect
in MMSE over 6 Sex, education, p=NR
mo or 6-point and age at baseline
decline over 1 y were included as
was considered as covariates in all
the event outcome the models
presented
Age:>86y Mouchet 2021 MCI due to AD CDR-SB Fast Mean 3.6 y (SD: Multivariate OR:5.26; 95% CI: Increase
[35] oo N=830 progression (mean 2.5; Range: 0-11) multinomial 1.78, 15.54;
change/y [95% logistic regression p<0.05
CI]=+1.8 analyses
[1.6-2.1] points
Age:>86y Mouchet 2021 MCI due to AD CDR-SB Slow Mean 3.6 y (SD: Multivariate OR: 5.57;95% CI: Increase
[35] e N=830 progression (mean 2.5; Range: 0-11) multinomial 2.00, 15.55;
change/y [95% logistic regression p<0.05
CI]=+0.5 analyses
[0.4-0.6] points)
Age: 71-75y Mouchet 2021 MCI due to AD CDR-SB Fast Mean 3.6 y (SD: Multivariate OR: 2.99; 95% CI: No evidence of
[35] ee N=830 progression (mean 2.5; Range: 0-11) multinomial 0.99, 9.06; p=NR effect
change/y [95% logistic regression
CI]=+1.8 analyses
[1.6-2.1] points
Age: 71-75y Mouchet 2021 MCI due to AD CDR-SB Slow Mean 3.6 y (SD: Multivariate OR: 3.09; 95% CI: Increase
[35] e N=830 progression (mean 2.5; Range: 0-11) multinomial 1.11, 8.63;
change/y [95% logistic regression p<0.05
CI]=+0.5 analyses
[0.4-0.6] points)
Age: 76-80y Mouchet 2021 MCI due to AD CDR-SB Fast Mean 3.6 y (SD: Multivariate OR:2.90; 95% CI: Increase
[35] e N=830 progression (mean 2.5; Range: 0-11) multinomial 1.02, 8.26;
change/y [95% logistic regression p<0.05
CI]=+1.8 analyses
[1.6-2.1] points
(Continued)
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Table 4
(Continued)
Prognostic Study Population Progression in Follow up Type of analysis Statistical Effect on
factor Study N) terms of (and factors results progression
cognitive adjusted for)
outcomes
Age: 76-80y Mouchet 2021 MCI due to AD CDR-SB Slow Mean 3.6 y (SD: Multivariate OR:5.21;95% CI: Increase
[35] e N=830 progression (mean 2.5; Range: 0-11) multinomial 2.01, 13.54;
change/y [95% logistic regression p<0.05
CI]=+0.5 analyses
[0.4-0.6] points)
Age: 81-85y Mouchet 2021 MCI due to AD CDR-SB Fast Mean 3.6 y (SD: Multivariate OR: 2.90; 95% CI: No evidence of
[35] ee N=830 progression (mean 2.5; Range: 0-11) multinomial 0.99, 8.49; p=NR effect
change/y [95% logistic regression
CI]=+1.8 analyses
[1.6-2.1] points
Age: 81-85y Mouchet 2021 MCI due to AD CDR-SB Slow Mean 3.6 y (SD: Multivariate OR:2.73;95% CI: No effect
[35] ee N=830 progression (mean 2.5; Range: 0-11) multinomial 0.99, 7.52; p=NR
change/y [95% logistic regression
CI]=+0.5 analyses
[0.4-0.6] points)
Risk factor (sex)
Female Mouchet 2021 MCI due to AD CDR-SB Fast Mean 3.6 y (SD: Multivariate OR: 1.50;95% CI.: No evidence of
[35] ee N=830 progression (mean 2.5; Range: 0-11) multinomial 0.82,2.76; p=NR effect
change/y [95% logistic regression
CI]=+1.8 analyses
[1.6-2.1] points
Female Mouchet 2021 MCI due to AD CDR-SB Slow Mean 3.6 y (SD: Multivariate OR: 1.76;95% CI: No evidence of
[35] e N=830 progression (mean 2.5; Range: 0-11) multinomial 1.00, 3.11; p=NR effect
change/y [95% logistic regression
CI]=+0.5 analyses
[0.4-0.6] points)
Definition NR Tosto 2014 [36] ee MCIN=332 Progression rate of 48 mo Cox proportional HR: 1.2;95% CI: No evidence of

a 3-point decline
in MMSE over 6
mo or 6-point
decline over 1 y
was considered as
the event outcome

hazards models -
Sex, education,
and age at baseline
were included as
covariates in all
the models
presented

0.9, 1.64; p=NR

effect

(Continued)
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Risk factor

(education)
College Mouchet 2021 MCI due to AD CDR-SB Fast Mean 3.6 y (SD: Multivariate OR: 1.63;95% CI: No evidence of
[35] e N=830 progression (mean 2.5; Range: 0-11) multinomial 0.81, 3.29; p=NR effect
change/y [95% logistic regression
CI]=+1.8 analyses
[1.6-2.1] points
College Mouchet 2021 CDR-SB Slow Mean 3.6 y (SD: Multivariate OR: 1.16; 95% CI: No evidence of
[35] e progression (mean 2.5; Range: 0-11) multinomial 0.60, 2.26; p=NR effect
change/y [95% logistic regression
CI]=+0.5 analyses
[0.4-0.6] points)
High School Mouchet 2021 MCI due to AD CDR-SB Fast Mean 3.6 y (SD: Multivariate OR: 1.20; 95% CI: No evidence of
[35] ee N=830 progression (mean 2.5; Range: 0-11) multinomial 0.52,2.75; p=NR effect
change/y [95% logistic regression
CI]=+1.8 analyses
[1.6-2.1] points
High School Mouchet 2021 CDR-SB Slow Mean 3.6 y (SD: Multivariate OR: 1.58; 95% CI: No evidence of
[35] ee progression (mean 2.5; Range: 0-11) multinomial 0.76, 3.32; p=NR effect
change/y [95% logistic regression
CI]=+0.5 analyses
[0.4-0.6] points)
Education: No Tosto 2014 [36] ee MCIN=332 Progression rate of 48 mo Cox proportional HR: 0.98; 95% CI: No evidence of
definition a 3-point decline hazards models - 0.92, 1.02; p=NR effect
in MMSE over 6 Sex, education,
mo or 6-point and age at baseline
decline over 1 y were included as
was considered as covariates in all
the event outcome the models
presented
Some college Mouchet 2021 MCI due to AD CDR-SB Fast Mean 3.6 y (SD: Multivariate OR: 1.33;95% CI: No evidence of
[35] ee N=830 progression (mean 2.5; Range: 0-11) multinomial 0.61,291; p=NR effect

change/y [95%
CI]=+1.8
[1.6-2.1] points

logistic regression
analyses

(Continued)
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Table 4
(Continued)
Prognostic Study Population Progression in Follow up Type of analysis Statistical Effect on
factor Study N) terms of (and factors results progression
cognitive adjusted for)
outcomes
Some college Mouchet 2021 CDR-SB Slow Mean 3.6 y (SD: Multivariate OR: 2.08;95% CI.: Increase
[35] e progression (mean 2.5; Range: 0-11) multinomial 1.04, 4.14;
change/y [95% logistic regression p<0.05
CI]=+0.5 analyses
[0.4-0.6] points)
Some high school Mouchet 2021 MCI due to AD CDR-SB Fast Mean 3.6 y (SD: Multivariate OR: 0.86;95% CI: No evidence of
[35] ee N=830 progression (mean 2.5; Range: 0-11) multinomial 0.24,3.15; p=NR effect
change/y [95% logistic regression
CI]=+1.8 analyses
[1.6-2.1] points
Some high school Mouchet 2021 CDR-SB Slow Mean 3.6 y (SD: Multivariate OR: 0.63;95% CI: No evidence of
[35] e progression (mean 2.5; Range: 0-11) multinomial 0.16, 2.40; p=NR effect
change/y [95% logistic regression
CI]=+0.5 analyses
[0.4-0.6] points)
Risk factor
(dependance)
Requires some Mouchet 2021 MCI due to AD CDR-SB Fast Mean 3.6 y (SD: Multivariate OR: 1.90; 95% CI: No evidence of
assistance with [35] e N=830 progression (mean 2.5; Range: 0-11) multinomial 0.73,4.94; p=NR effect
basic or complex change/y [95% logistic regression
tasks CI]=+1.8 analyses
[1.6-2.1] points
Requires some Mouchet 2021 MCI due to AD CDR-SB Slow Mean 3.6 y (SD: Multivariate OR: 0.77;95% CI: No evidence of
assistance with [35] ee N=830 progression (mean 2.5; Range: 0-11) multinomial 0.26, 2.28; p=NR effect

basic or complex
tasks

change/y [95%
CI]=+0.5
[0.4-0.6] points)

logistic regression
analyses

(Continued)
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Risk factor (AD
medication use)

Any FDA Mouchet 2021 MCI due to AD CDR-SB Fast Mean 3.6 y (SD: Multivariate OR: 2.19; 95% CI: No evidence of
approved AD [35] ee N=830 progression (mean 2.5; Range: 0-11) multinomial 0.78, 6.14; p=NR effect
medication use change/y [95% logistic regression
(including CI]=+1.8 analyses
donepezil, [1.6-2.1] points
galantamine,
memantine, and
rivastigmine)
Any FDA Mouchet 2021 MCI due to AD CDR-SB Slow Mean 3.6 y (SD: Multivariate OR: 2.11;95% CI: No evidence of
approved AD [35] ee N=2830 progression (mean 2.5; Range: 0-11) multinomial 0.78,5.71; p=NR effect
medication use change/y [95% logistic regression
(including CI]=+0.5 analyses
donepezil, [0.4-0.6] points)
galantamine,
memantine, and
rivastigmine)
Baseline cognition
CDR-GS score Mouchet 2021 MCI due to AD CDR-SB Fast Mean 3.6 y (SD: Multivariate OR: 0.51; 95% CI: No evidence of
[35] e N=830 progression (mean 2.5; Range: 0-11) multinomial 0.21, 1.24; p=NR effect
change/y [95% logistic regression
CI]=+1.8 analyses
[1.6-2.1] points
CDR-GS score Mouchet 2021 MCI due to AD CDR-SB Slow Mean 3.6 y (SD: Multivariate OR: 0.67;95% CI: No evidence of
[35] e N=830 progression (mean 2.5; Range: 0-11) multinomial 0.30, 1.48; p=NR effect
change/y [95% logistic regression
CI]=+0.5 analyses
[0.4-0.6] points)
CDR-SB score Mouchet 2021 MCI due to AD CDR-SB Fast Mean 3.6 y (SD: Multivariate OR: 2.46;95% CI: Increase
[35] e N=830 progression (mean 2.5; Range: 0-11) multinomial 1.56, 3.88;
change/y [95% logistic regression p<0.05
CI]=+1.8 analyses
[1.6-2.1] points
(Continued)
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Table 4
(Continued)
Prognostic Study Population Progression in Follow up Type of analysis Statistical Effect on
factor Study N) terms of (and factors results progression
cognitive adjusted for)
outcomes
CDR-SB score Mouchet 2021 MCI due to AD CDR-SB Slow Mean 3.6 y (SD: Multivariate OR:2.32;95% CI: Increase
[35] e N=830 progression (mean 2.5; Range: 0-11) multinomial 1.49, 3.61;
change/y [95% logistic regression p<0.05
CI]=+0.5 analyses
[0.4-0.6] points)
FAQ Mouchet 2021 MCI due to AD CDR-SB Fast Mean 3.6 y (SD: Multivariate OR: 1.13;95% CI: Increase
[35] e N=830 progression (mean 2.5; Range: 0-11) multinomial 1.02, 1.26;
change/y [95% logistic regression p<0.05
CI]=+1.8 analyses
[1.6-2.1] points
FAQ Mouchet 2021 MCI due to AD CDR-SB Slow Mean 3.6 y (SD: Multivariate OR: 1.10;95% CI: No evidence of
[35] ee N=830 progression (mean 2.5; Range: 0-11) multinomial 0.98, 1.22; p=NR effect
change/y [95% logistic regression
CI]=+0.5 analyses
[0.4-0.6] points)
MMSE Mouchet 2021 MCI due to AD CDR-SB Fast Mean 3.6 y (SD: Multivariate OR: 0.85;95% CI: Decrease
[35] e N=830 progression (mean 2.5; Range: 0-11) multinomial 0.75, 0.97,
change/y [95% logistic regression p<0.05
CI]=+1.8 analyses
[1.6-2.1] points
MMSE Mouchet 2021 MCI due to AD CDR-SB Slow Mean 3.6 y (SD: Multivariate OR: 0.94;95% CI. No evidence of
[35] ee N=830 progression (mean 2.5; Range: 0-11) multinomial 0.82, 1.07; p=NR effect
change/y [95% logistic regression
CI]=+0.5 analyses
[0.4-0.6] points)
Genetic factors
APOE €4 (1 copy) Mouchet 2021 MCI due to AD CDR-SB Fast Mean 3.6 y (SD: Multivariate OR: 1.94;95% CI: Increase
[35] e N=830 progression (mean 2.5; Range: 0-11) multinomial 1.08, 3.47;
change/y [95% logistic regression p<0.05

CI]=+1.8
[1.6-2.1] points

analyses

(Continued)
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Table 4

(Continued)
APOE &4 (1 copy) Mouchet 2021 MCI due to AD CDR-SB Slow Mean 3.6 y (SD: Multivariate OR: 1.39; 95% CI: No evidence of
[35] e N=830 progression (mean 2.5; Range: 0-11) multinomial 0.81,2.41; p=NR effect

change/y [95% logistic regression

CI|=+0.5 analyses

[0.4-0.6] points)
APOE ¢4 (2 Mouchet 2021 MCI due to AD CDR-SB Fast Mean 3.6 y (SD: Multivariate OR: 1.55;95% CI: No evidence of
copies) [35] ee N=830 progression (mean 2.5; Range: 0-11) multinomial 0.36, 6.74; p=NR effect

change/y [95% logistic regression

CI]=+1.8 analyses

[1.6-2.1] points
APOE €4 (2 Mouchet 2021 MCI due to AD CDR-SB Slow Mean 3.6 y (SD: Multivariate OR: 1.56;95% CI: No evidence of
copies) [35] ee N=830 progression (mean 2.5; Range: 0-11) multinomial 0.42,5.79; p=NR effect

change/y [95% logistic regression

CI]=+0.5 analyses

[0.4-0.6] points)
Imaging
biomarker
WMHs Tosto 2014 [36] ee MCIN=332 Progression rate of 48 mo Cox proportional HR: 1.23;95% CI: Increase

a 3-point decline hazards models - 1.05, 1.43;

in MMSE over 6 Sex, education, p=0.01

mo or 6-point
decline over 1 y
was considered as
the event outcome

and age at baseline
were included as
covariates in all
the models
presented
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AD, Alzheimer’s disease; APOE, apolipoprotein E; CDR-GS, The Clinical Dementia Rating- global score; CDR-SB, The Clinical Dementia Rating- sum of boxes; CI, confidence interval; CSF,
cerebrospinal fluid; FAQ, Functional Activities Questionnaire; FDA, Food and Drug Administration; HR, hazard ratio; MCI, mild cognitive impairment; MMSE, Mini-Mental State Examination;
mo, month; NPI-Q, Neuropsychiatric Inventory— Questionnaire; N, number; NR, not reported; OR, odds ratio; PET, positron emission tomography; RR, risk ratio; wk, week; WMH, white matter
hyperintensities; y, year. e low risk of bias ee moderate risk of bias.
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with no progression). Participants were classified
according to whether they experienced fast, slow, or
no disease progression as measured using the CDR-
SB score; fast progression was defined as a mean
change/year [95% CI] of+1.8 [1.6-2.1] points, slow
progression was defined as+0.5 [0.4-0.6] points, and
no progression was defined as no change in the score.
Compared with people aged < 70 years, older people
(aged > 86 years, 7680 years, and 71-75 years) gen-
erally had an increased risk of disease progression
[35]. There was no relationship between age 71-75
years and fast progression, nor between 76-80 years
and risk of progression of any speed. A second study
of people with MCI found no relationship between
age and risk of progression according to the MMSE
score at 48 months follow up [36].

Education did not appear to be associated with cog-
nitive outcomes; only one significant association was
reported between ‘some college’ education and slow
progression on the CDR-SB rating scale compared
with no progression over mean 3.6 years (OR 2.08;
95% CI 1.04, 4.14; p<0.05) [35]. No association
between sex and cognitive outcomes was observed
[35, 36].

Sex, dependence (requiring some assistance with
basic or complex tasks) prior AD medication use
(including donepezil, galantamine, memantine, and
rivastigmine) were not significantly associated with
fast or slow progression on the CDR-SB scale over
mean 3.6 years [35].

Baseline cognition. One study reported the rela-
tionship between global performance scores and
disease progression in patients with MCI due to AD
over mean 3.6 years [35]. A higher (worse) CDR-
SB score at baseline was found to be associated with
an increased risk of disease progression (fast pro-
gression OR:2.46; 95% CI:1.56, 3.88; p <0.05; slow
progression OR 2.32; 95% CI 1.49, 3.61; p<0.05).
A higher baseline Functional Activities Question-
naire (FAQ) score (indicating greater dependence)
was associated with faster progression on the CDR-
SB scale (OR 1.13; 95% CI 1.02, 1.26; p<0.05)
(Table 4). Finally, a higher baseline MMSE score
at (indicating more normal cognitive function) was
associated with a lower risk of fast progression on the
CDR-SB scale (OR 0.85;95% C10.75,0.97; p <0.05)
[35].

Genetic factors. One study reported the association
of genetic factors with cognitive outcomes in people
with MCI due to AD. People with one copy of the
APOEA4 allele were found to have an increased risk of
fast progression on the CDR-SB scale over mean 3.6

years (OR 1.94; 95% CI 1.08, 3.47; p <0.05) versus
no allele copy [35]. Having two copies of the APOE4
allele did not increase the risk of either fast or slow
progression (Table 4).

Imaging biomarkers. One study reported the asso-
ciation between imaging biomarkers and cognitive
outcomes [36]. White matter hyperintensities were
significantly associated with cognitive decline at 48
months follow up (defined as a 3-point decline in
MMSE over 6 months or a 6-point decline over 1
year).

Predictive factors

Plaque-lowering anti-amyloid immunotherapies in
eAD are summarized in Table 5. Five studies (six
publications) contributed data [7-9, 37-39].

Two publications reported on two Phase 3 RCTs
(EMERGE and ENGAGE; n=3,285) conducted in
eAD patients receiving aducanumab (a monoclonal
antibody) [7, 37]. Patients were randomized to
receive (1:1:1) low-dose aducanumab, high-dose
aducanumab, or placebo stratified by APOE4 carrier
status and followed for 78 weeks. In the low-dose
group, the dose was titrated to a target of 3 mg/kg
(APOE4+) or 6 mg/kg (APOE4—) and in the high-
dose group, the dose was titrated to a target of
6 mg/kg (APOE4+) or 10 mg/kg (APOE4-). Follow-
ing a protocol amendment each group received 6 or
10 mg/kg. The main publication focused on efficacy
and safety of aducanumab presenting subgroup anal-
yses (in the form of forest plots) based on patient
and disease characteristics for CDR-SB, MMSE,
ADAS-Cogl3, and Alzheimer’s Disease Cooperative
Study — Activities of Daily Living Scale for use in
MCI (ADCS-ADL-MCI) [7]; however, no statistical
comparison was presented. The second publication
investigated amyloid-related imaging abnormalities
(ARIA), that can occur in AD patients treated with
monoclonal antibodies and are detected using mag-
netic resonance imaging [37]. A proportional hazards
model was used to assess risk factors for ARIA related
to either brain edema/sulcal effusion (ARIA-E) or to
isolated hemosiderin deposits resulting from micro-
hemorrhage in the brain parenchyma or on the pial
surface (isolated ARIA-H).

TRAILBLAZER-ALZ was a Phase II placebo-
controlled trial of donanemab in patients with eAD
[9]. Patients received donanemab (700 mg for first
three doses and then 1400 mg) or placebo intra-
venously every four weeks for up to 72 weeks. Safety
in terms of number of patients experiencing ARIA-E
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Table 5
Predictive factors in eAD studies
Predictive factor AD Measure of Follow up Favors Favors No Study
Treatment efficacy/safety intervention placebo difference
Risk factor (Age)
<64 Aducanumab  Efficacy: 78 weeks v Budd Haeberlein
(10 mg/kg) CDR-SB 2022
EMERGE ee [7]
65-74 v
=75 v
<64 v Budd Haeberlein
2022
ENGAGE ee [7]
65-74 v
>75 v
<64 Aducanumab  Efficacy: 78 weeks N Budd Haeberlein
(10 mg/kg) MMSE 2022
EMERGE ee [7]
65-74 v
>75 v
<64 N Budd Haeberlein
2022
ENGAGE ee [7]
65-74 v
>75 v
<64 Aducanumab  Efficacy: 78 weeks v Budd Haeberlein
(10 mg/kg) ADAS-cog 13 2022
EMERGE ee [7]
65-74 v
>75 v
<64 N Budd Haeberlein
2022
ENGAGE ee [7]
65-74 v
>75 v
<64 Aducanumab ADCS-ADL- 78 weeks v Budd Haeberlein
(10 mg/kg) MCI 2022
EMERGE ee [7]
65-74 v
>75 v
<64 v Budd Haeberlein
2022
ENGAGE ee [7]
65-74 v
>75 v
1y increase Aducanumab  Safety: 78 weeks v Salloway 2022
(10 mg/kg) ARIA-E EMERGE and
ENGAGE ee [37]
1 y increase Safety: v
ARIA-H
1y increase Safety: v
ARIA-E
and
ARIA-H
Risk factor (sex)
Female Aducanumab  Efficacy: 78 weeks v Budd Haeberlein
(10 mg/kg) CDR-SB 2022
EMERGE ee [7]
Male v
Female v Budd Haeberlein

2022
ENGAGE ee [7]

(Continued)
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Table 5
(Continued)
Predictive factor AD Measure of Follow up Favors Favors No Study
Treatment efficacy/safety intervention placebo difference
Male v
Female Aducanumab  Efficacy: 78 weeks v Budd Haeberlein
(10 mg/kg) MMSE 2022
EMERGE ee [7]
Male v
Female v Budd Haeberlein
2022
ENGAGE ee [7]
Male v
Female Aducanumab  Efficacy: 78 weeks v Budd Haeberlein
(10 mg/kg) ADAS-cog 13 2022
EMERGE ee [7]
Male v
Female v Budd Haeberlein
2022
ENGAGE ee [7]
Male v
Female Aducanumab  Efficacy: 78 weeks v Budd Haeberlein
(10 mg/kg) ADCS-ADL- 2022
MCI EMERGE ee [7]
Male v
Female v Budd Haeberlein
2022
ENGAGE ee [7]
Male v
Male Aducanumab  Safety: 78 weeks v Salloway 2022
(10 mg/kg) ARIA-E EMERGE and
ENGAGE ee [37]
Safety: v
ARIA-H
Safety: v
ARIA-E and
ARIA-H
Risk factor
(AD
medication)
AD symptomatic Aducanumab  Efficacy: 78 weeks v Budd Haeberlein
medication use at (10 mg/kg) CDR-SB 2022
baseline EMERGE ee [7]
No AD v
symptomatic
medication use at
baseline
AD symptomatic Aducanumab v Budd Haeberlein
medication use at (10 mg/kg) 2022
baseline ENGAGE ee [7]
No AD v
symptomatic
medication use at
baseline
AD symptomatic Aducanumab  Efficacy: 78 weeks v Budd Haeberlein
medication use at (10mg/kg) MMSE 2022
baseline EMERGE ee [7]
No AD v
symptomatic
medication use at
baseline
AD symptomatic v Budd Haeberlein
medication use at 2022

baseline

ENGAGE ee [7]

(Continued)
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Table 5
(Continued)
Predictive factor AD Measure of Follow up Favors Favors No Study
Treatment efficacy/safety intervention placebo difference
No AD v
symptomatic
medication use at
baseline
AD symptomatic Aducanumab  Efficacy: 78 weeks v Budd Haeberlein
medication use at (10mg/kg) ADAS-cog 13 2022
baseline EMERGE ee [7]
No AD v
symptomatic
medication use at
baseline
AD symptomatic Aducanumab v Budd Haeberlein
medication use at (10 mg/kg) 2022
baseline ENGAGE ee [7]
No AD v
symptomatic
medication use at
baseline
AD symptomatic Aducanumab  Efficacy: 78 weeks v Budd Haeberlein
medication use at (10 mg/kg) ADCS-ADL- 2022
baseline MCI EMERGE ee [7]
No AD v
symptomatic
medication use at
baseline
AD symptomatic Aducanumab v Budd Haeberlein
medication use at (10 mg/kg) 2022
baseline ENGAGE ee [7]
No AD v
symptomatic
medication use at
baseline
Anti-thrombotic Aducanumab  Safety: 78 weeks v Salloway 2022
medication (10 mg/kg) ARIA-E EMERGE and
(specifically ENGAGE ee [37]
aspirin)
Safety: v
ARIA-H
Safety: v
ARIA-E and
ARIA-H
Clinical outcomes
MMSE > 27 Aducanumab  Efficacy: 78 weeks N Budd Haeberlein
(10 mg/kg) CDR-SB 2022
EMERGE ee [7]
MMSE <26 v
MMSE > 27 N Budd Haeberlein
2022
ENGAGE ee [7]
MMSE <26 v
MMSE > 27 Aducanumab  Efficacy: 78 weeks v Budd Haeberlein
(10 mg/kg) MMSE 2022
EMERGE ee [7]
MMSE <26 v
MMSE > 27 v Budd Haeberlein
2022
ENGAGE ee [7]
MMSE <26 v

(Continued)
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Table 5
(Continued)
Predictive factor AD Measure of Follow up Favors Favors No Study
Treatment efficacy/safety intervention placebo difference
Aducanumab Aducanumab  Efficacy: 78 weeks v Budd Haeberlein
(10 mg/kg) (10 mg/kg) ADAS-cog 13 2022
EMERGE ee [7]
MMSE <26 v
MMSE > 27 v Budd Haeberlein
2022
ENGAGE ee [7]
MMSE <26 v
MMSE > 27 Aducanumab  Efficacy: 78 weeks v Budd Haeberlein
(10 mg/kg) ADCS-ADL- 2022
MCI EMERGE ee [7]
MMSE <26 v
MMSE > 27 v Budd Haeberlein
2022
ENGAGE ee [7]
MMSE <26 v
Genetic factors
APOE carrier Aducanumab  Efficacy: 78 weeks v Budd Haeberlein
(10 mg/kg) CDR-SB 2022
EMERGE ee [7]
APOE noncarrier v
APOE carrier v Budd Haeberlein
2022
ENGAGE ee [7]
APOE noncarrier v
APOE carrier Aducanumab  Efficacy: 78 weeks v Budd Haeberlein
(10 mg/kg) MMSE 2022
EMERGE ee [7]
APOE noncarrier v
APOE carrier v Budd Haeberlein
2022
ENGAGE ee [7]
APOE noncarrier v
APOE carrier Aducanumab  Efficacy: 78 weeks v Budd Haeberlein
(10 mg/kg) ADAS-cog 13 2022
EMERGE ee [7]
APOE noncarrier v
APOE carrier v Budd Haeberlein
2022
ENGAGE ee [7]
APOE noncarrier v
APOE carrier Aducanumab  Efficacy: 78 weeks v Budd Haeberlein
(10 mg/kg) ADCS-ADL- 2022
MCI EMERGE ee [7]
APOE noncarrier v
APOE carrier v Budd Haeberlein
2022
ENGAGE ee [7]
APOE noncarrier v
APOE carrier Aducanumab  Safety: 78 weeks v Salloway 2022
(10 mg/kg) ARIA-E EMERGE and
ENGAGE ee [37]
Safety: v
ARIA-H
Safety: v
ARIA-E and
ARIA-H
APOE genotype Donanemab  Safety ARIA- 72 weeks v Mintun 2021
(2/€3) E/ARIA-H TRAILBLAZER-
AlZ eee

(9]

(Continued)



M.J. Garcia et al. / Prognostic and Predictive Factors in Early AD 233

Table 5
(Continued)
Predictive factor AD Measure of Follow up Favors Favors No Study
Treatment efficacy/safety intervention placebo difference
APOE genotype v
(e2/ed)
APOE genotype v
(e3/€3)
APOE genotype v
(e3/e4)
APOE genotype v
(e4/e4)
APOE carrier (1 Gantenerumab Safety: 2y v Ostrowitzki 2017
copy) (105 mg) ARIA-E Scarlet Road e e @
(39]
APOE carrier (2 v
copies)
APOE noncarrier v
APOE carrier (1 Gantenerumab Safety: 2y v Ostrowitzki 2017
copy) (225 mg) ARIA-E Scarlet Road e e @
(39]
APOE noncarrier v
APOE carrier (1 Gantenerumab Safety: 2y v Ostrowitzki 2017
copy) (105 mg) ARIA-H Scarlet Road e e @
[39]
APOE carrier (2 v
copies)
APOE noncarrier v
APOE carrier (1 Gantenerumab Safety: 2y v Ostrowitzki 2017
copy) (225 mg) ARIA-H Scarlet Road e e @
(39]
APOE noncarrier v
APOE &4 carrier Aducanumab  Efficacy: PET 54 weeks v Sevigny 2016
SUVR PRIME o o o [38]
APOE €4 v
noncarrier
APOE &4 carrier Aducanumab  Safety: 54 weeks v Sevigny 2016
(10 mg/kg) ARIA-E PRIME ee [38]
APOE &4 v
noncarrier
APOE &4 carrier Aducanumab  Safety: v
(10 mg/kg) ARIA-E and
ARIA-H
APOE €4 v
noncarrier
APOE g4 carrier Aducanumab  Safety: v
(10 mg/kg) ARIA-H
APOE €4 v
noncarrier
APOE carrier Lecanemab Efficacy: 18 mo v Swanson 2021
(10 mg/kg ADCOMS BAN2401-G000-
biweekly) 20l e 0o
(81
APOE noncarrier v
APOE carrier Lecanemab Safety: 18 mo v Swanson 2021
(2.5 mg/kg ARIA-E BAN2401-G000-
biweekly) 20l eee
(8]
APOE noncarrier v
APOE carrier Lecanemab Safety: 18 mo v Swanson 2021
(5 mg/kg ARIA-E BAN2401-G000-
monthly) 20l e 0o

(8]

(Continued)
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(Continued)
Predictive factor AD Measure of Follow up Favors Favors No Study
Treatment efficacy/safety intervention placebo difference
APOE noncarrier v
APOE carrier Lecanemab Safety: 18 mo v Swanson 2021
(5 mg/kg ARIA-E BAN2401-G000-
biweekly) 20l o0 e
(8]
APOE noncarrier v
APOE carrier Lecanemab Safety: 18 mo v Swanson 2021
(10 mg/kg ARIA-E BAN2401-G000-
monthly) 20l e 0o
(8]
APOE noncarrier v
APOE carrier Lecanemab Safety: 18 mo v Swanson 2021
(10 mg/kg ARIA-E BAN2401-G000-
biweekly) 20l eee
(8]
APOE noncarrier v

AD, Alzheimer’s disease; ADAS-cog 13, Alzheimer’s Disease Assessment Scale-Cognitive Subscale; ADCS ADL, Alzheimer’s Disease
Cooperative Study-Activities of Daily Living; APOE &4, apolipoprotein E &4 allele; ARIA-E, amyloid-related imaging abnormalities
(oedema); ARIA-H, amyloid-related imaging abnormalities (micro-hemorrhages, macro-hemorrhages, or superficial siderosis); CDR-SB,
Clinical Dementia Rating—Sum of Boxes; eAD, early AD; kg; kilograms; MCI, mild cognitive impairment; mg, milligrams; MMSE, Mini-
Mental State Examination; mo, month; PET, positron emission tomography; SUVR, standard uptake composite score; wk, week; y, year.

o low risk of bias ee moderate risk of bias e e e high risk of bias.

or ARIA-H were presented for several APOE geno-
types.

Scarlet Road was a Phase III placebo controlled
RCT investigating gantenerumab treatment (105 mg
or 225mg) in prodromal AD over two years [39].
Safety in terms of number of patients experienc-
ing ARIA-E and ARIA-H were presented for both
APOE4 carriers and non-carriers.

PRIME was a Phase 1b RCT conducted in patients
with prodromal or mild AD dementia receiving 1,
3, 6, or 10 mg/kg aducanumab for 1 year [38]. Effi-
cacy in terms of amyloid plaque reduction and safety
in terms of ARIA were presented for both APOE4
carriers and non-carriers.

BAN2401-G000-201 was an 18-month Bayesian
design RCT employing response adaptive random-
ization across placebo and multiple dose lecanemab
arms in patients with early AD [8]. Efficacy in
terms of Alzheimer’s Disease Composite Score
(ADCOMS) and safety in terms of patients experi-
encing ARIA were presented for both APOE4 carriers
and non-carriers.

Risk factors

In EMERGE, older age (> 75 years) was associ-
ated with more favorable outcome with aducanumab
treatment in terms of CDR-SB, ADAS-cogl3, and
ADCS-ADL-MC [7]. There was no difference in

these outcomes in ENGAGE. In both EMERGE and
ENGAGE, older age was associated with an increased
risk of isolated ARIA-H (HR 1.055; 95% CI 1.017,
1.094; p =NR) but not with risk of ARIA-E or ARIA-
E/ARIA-H combined [37]. In EMERGE, male sex
was associated with more favorable outcomes in
terms of ADAS-cog13 and ADCS-ADL-MCI. There
was no difference in these outcomes in ENGAGE. In
both EMERGE and ENGAGE, sex and baseline use
of anti-thrombotic medication (specifically aspirin)
were not associated with any of the ARIA outcomes
(Table 5).

Clinical outcomes

In EMERGE, MMSE < 26 at baseline was associ-
ated with more favorable outcomes with aducanumab
treatment in terms of CDR-SB, ADAS-cogl3, and
ADCS-ADL-MCI. There was no difference in
ENGAGE.

Genetic factors

In the RCTs, APOE4 carriers were found to be a
greater risk for ARIA complications of anti-amyloid
monoclonal antibody therapy [8, 9, 37-39]. In two
RCTs, APOE4 carriers were found to benefit more
from therapy than non-carriers [7, 8] (Table 5).
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In EMERGE, APOE4 gene carriers were associ-
ated with more favorable outcomes with aducanumab
treatment in terms of CDR-SB, MMSE, ADAS-
cogl3, and ADCS-ADL-MCI [7]. In ENGAGE,
APOEA4 gene non-carriers were associated with more
favorable outcomes in terms of ADAS-cogl3 only
[7]. In both EMERGE and ENGAGE, APOE4 gene
carriers had an increased risk of ARIA-E (HR 2.456;
95% C11.897, 32.04; p=NR) and ARIA-E/ARIA-H
(HR 2.838; 95% CI 2.002, 4.024; p=NR) but there
was no effect on isolated ARIA-H [37].

In TRAILBLAZER, ARIA-E or ARIA-H were
more common in patients with two copies of the
APOE4 gene who receiving donanemab compared
to placebo (44% versus 3.6%) [9].

In Scarlet Road, both ARIA-E and ARIA-H events
were more common in APOE4 gene carriers and
occurred more frequently in the gantenerumab arm
(increasing with dose) [39].

In PRIME, amyloid positron emission tomography
(PET) standard uptake value ratio (SUVR) compos-
ite score was similarly reduced in both APOE &4
carriers and non-carriers [38]. ARIA-E and ARIA-H
were more common in aducanumab treated patients
(increasing with dose) and in APOE &4 carriers.

In BAN2401-G000-201, APOE4 gene carriers
were associated with more favorable outcomes with
lecanemab treatment in terms of efficacy (ADCOMS)
but less favorable outcomes in terms of safety
(ARIA-E) (Table 5) [8]. In a Bayesian sensitivity
analyses, APOE4 gene carriers receiving 10 mg/kg
of lecanemab biweekly showed greater reduction
in cognitive decline than APOE4 non-carriers when
compared to placebo. In comparison, most ARIA-
E cases (77%) occurred in APOE4 gene carriers
(placebo n=2; lecanemab n =46).

DISCUSSION
Summary of findings

Overall, this review identified an abundance of
studies reporting prognostic factors for disease pro-
gression in eAD. Studies reporting predicting factors
were more limited and the main evidence was
derived from five RCTs. Older age was associated
with greater risk of disease progression. Greater
cognitive impairment at baseline (measured by
ADAS-cogl1, CDR-SB, MMSE, FAQ) was associ-
ated with increased risk of disease progression. APOE
genotype is a genetic biomarker present in approxi-

mately 70% of patients with AD. APOE4 may be a
prognostic factor associated with disease progression
as well as a predictive factor for treatment efficacy
(APOEA4 carriers were found to benefit more from
therapy than non-carriers) and predictor of adverse
response (ARIA) in the course of treatment with anti-
amyloid monoclonal antibodies. Elevated biomarkers
such as CSF or plasma p-tau, CSF t-tau, CSF t-tau/A3
ratio, CSF p-tau/AR ratio, and plasma neurofilament
light were all associated with increased risk of disease
progression.

Comparison with other reviews

This systematic review contributes to the under-
standing of AD progression because it uses robust
methodology to offer insights specifically regarding
the progression of MCI to AD dementia. Although
other reviews have been published, most focus on
progression from pre-clinical stages to either MCI
[40] or dementia [41] or MCI to dementia [42],
and/or machine learning approaches [43]. Camp-
bell et al. (2013) reviewed both markers of disease
activity and clinical risk factors influencing the pro-
gression of MCI to dementia [42]. Authors identified
modifiable and non-modifiable risk factors for pro-
gression of MCI to normal cognition, vascular or
mixed dementia or AD. Non-modifiable factors for
transition from MCI to AD included APOE and
amnestic MCI while modifiable factors included
anxiety, depression, apathy, diabetes/pre-diabetes, or
neuropsychological symptoms. Ansart et al. (2021)
performed a SLR focusing on automatically predict-
ing clinical diagnosis of AD dementia in patients with
MCI and a quantitative analysis of methodological
choices [43]. Authors concluded that studies using
cognitive variables or F-fluorodeoxyglucose (FDG)
PET reported significantly better results than stud-
ies that did not, and that including other feature
types does not significantly improve performance
compared to using cognition or FDG PET alone. A
recently published SLR by Mohanannair Geethadevi
etal. aimed to identify multi-domain prognostic mod-
els used in middle-aged adults (aged 45 to 65 years)
for predicting cognitive impairment or dementia
[44]. The authors identified 14 unique multi-domain
prognostic models and found diabetes, hypertension,
obesity, and smoking were the most common modi-
fiable risk factors used as predictors. The findings of
the current systematic review align with those of a
2016 systematic review and meta-analysis that also
investigated factors for progression from MCI to AD
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dementia (publication cutoff date: March 2015) [45].
Strong positive associations were found between sev-
eral biomarkers (abnormal CSF p-tau, abnormal CSF
tau/AB1-42) and progression to AD dementia. The
presence of APOE4, white matter hyperintensities,
older age, depression, and poor global performance
scores at baseline were also found to be associated
with disease progression [45], as was reported in the
current review.

Implications

Many studies have evaluated factors that are prog-
nostic of the natural history of AD in its early clinical
stages or that may be predictive of the efficacy and
safety of current treatments. However, the lack of
SLRs mean that this literature is rather disparate and
not easy to draw conclusions from. This system-
atic review seeks to bring this literature together and
thereby contribute to the understanding of AD pro-
gression. The results of this review may have useful
implications for recruitment of future clinical trials in
that inclusion criteria could potentially be modified to
include patients who are more likely to benefit from
treatment or more likely to progress in the course
of a clinical trial. The data may also be valuable in
pre-specifying sub-group analyses.

Limitations

The findings presented here were identified using
robust systematic review methodology. Nevertheless,
the review has some limitations.

There were limited data available on predictive
factors, with data available from only five studies
and criteria focusing on four anti-amyloid mon-
oclonal antibodies (among many other treatments
under development); however, these were RCTs,
which represent higher quality evidence.

We applied a restriction to English language
studies only. This may mean that some relevant non-
English language studies may have been excluded.

A prioritization step was used to focus on the most
relevant studies; however, this may also have been a
source of bias. Studies published before 2012 were
excluded and small studies with less than 100 partici-
pants were de-prioritized. A group of clinical experts
were consulted for their advice on which factors were
most relevant.

More evidence was expected in the areas of genetic
factors (APOE4) and imaging biomarkers, this may
be due to low quality evidence being de-prioritized

[46, 47] or exclusion of studies focusing on partici-
pants with normal cognition progressing to MCI or
AD dementia.

Many of the included studies used data from the
National Alzheimer’s Coordinating Center registry,
which could have resulted in patient crossover among
studies.

Although recent recommendations suggest diag-
nosis of AD should include AP biomarkers (CSF
or positron emission tomography) and tau marker
biomarkers (CSF or positron emission tomography),
typically this more robust diagnosis has not been used
in many of the retrospective studies or historical reg-
istries [48]. However, the number of studies including
confirmatory biomarkers is expected to increase with
the availability of disease-modifying therapies. This
review highlights complexities around diagnosis and
heterogeneity of studies. In the future, more studies
assessing prognostic and predictive factors specifi-
cally in confirmed the MCI due to AD population
will likely be available and significantly add to the
evidence base. It should be noted that in this review
some baseline populations described as MCI where
patients are monitored for progression to AD, may be
of mixed pathology.

In recent anti-amyloid RCTs, the specific popu-
lations recruited have been enriched for progression
and exclude confounding pathologies [7, 38]. This
may impact findings in that the population in RCTs
may be quite different to those in observational stud-
ies.

This field of research is rapidly developing, and
several interesting publications have been published
since the literature searches for the review were
conducted. Of note, the results of CLARITY AD
and TRAILBLAZER-ALZ?2 studies have been pub-
lished [12, 49, 50]. In CLARITY AD, patients with
eAD were randomly assigned to receive lecanemab
(10 mg per kilogram of body weight every 2 weeks)
or placebo for 18 months [12]. The publication
presents subgroup analyses which indicated that fac-
tors such as use of symptomatic AD medication,
clinical subgroup (mild AD), APOE4 (non-carrier),
gender (male), age (older) were associated with
more favorable outcomes (in terms of CDR-SB)
when patients were treated with lecanemab [12]. In
TRAILBLAZER-ALZ?2, patients witheAD were ran-
domly assigned to receive donanemab (700 mg for
the first 3 doses and 1400 mg thereafter) or placebo,
intravenously every 4 weeks for up to 72 weeks.
Subgroup analyses of low-medium-tau participants
showed greater cognitive and functional benefits of
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donanemab in those at earlier stage of disease and
under the age of 75 [50].

Conclusions

Age was the strongest prognostic factor associated
with disease progression. Elevated biomarkers were
also associated with increased risk of disease progres-
sion, providing further support for their use in patient
selection for clinical trials and as aids in diagnosis
of eAD. Baseline impairment was a prognostic fac-
tor. APOE4 was predictive of an adverse response,
the occurrence of ARIA, in the course of treatment
with anti-amyloid monoclonal antibodies. This fits
with emerging evidence from clinical trials and is of
relevance to treatment initiation and monitoring.
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