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Abstract

Introduction: Hippocampal volume (HV) and cortical thickness are commonly used
imaging biomarkers in Alzheimer’s disease (AD) trials, and may have utility as selec-
tion criteria for enrichment strategies. Atrophy rates of these measures, in the high-
risk apolipoprotein E (APOE) e4/¢4 homozygous AD subjects are unknown.

Methods: Data from Alzheimer’s Disease Neuroimaging Initiative (ADNI-1) and a
tramiprosate trial were analyzed in APOE ¢4/¢4 and APOE ¢3/e3 subjects with mild
cognitive impairment (MCI) or mild AD. Magnetic resonance imaging (MRI) data were
centrally processed using FreeSurfer; total HV and composite average cortical thick-
ness were derived and adjusted for age, head size, and education. Volumetric changes
from baseline were assessed using Boundary Shift Integral, and correlated with cogni-
tive changes.

Results: APOE £4/¢4 MClI subjects showed significantly higher % HV atrophy and corti-
cal thinning at 12 months (4.4%, 3.1%, n = 29) compared to APOE £3/:3 subjects (2.8%,
1.8%, n = 93) and similarly in mild AD (7.4%, 4.7% n = 21 vs 5.4%, 3.3% n = 29). Dif-
ferences were all significant at 24 months. Over 24 months, HV atrophy and cortical
thinning correlated significantly with Alzheimer’s Disease Assessment Scale-Cognitive
subscale worsening in APOE ¢4/¢4 MClI subjects, but not in mild AD.

Discussion: Correlation of volumetric measures to cognitive change in APOE &4/c4
subjects with early AD supports their role as efficacy biomarkers. If confirmed in a
Phase 3 trial with ALZ-801 (pro-drug of tramiprosate) in APOE ¢4/¢4 early AD subjects,
it may allow their use as surrogate outcomes in future treatment or prevention trials
in AD.

KEYWORDS
ALZ-801, Alzheimer’s disease, amyloid beta, amyloid oligomers, apolipoprotein E £4/¢4 homozy-
gotes, biomarkers, cortical thickness, hippocampus atrophy, tramiprosate
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1 | INTRODUCTION

Demonstration of clinical efficacy with therapeutic agents for
Alzheimer’s disease (AD) has been challenging. AD patients show
considerable variability in their clinical trajectories that reflect hetero-
geneity of underlying neuropathologies and their relative contribution
to the clinical progression.? Despite the use of biomarker-based diag-
nosis of AD that requires the presence of amyloid and tau pathologies,?
such variability in disease course has added substantial burden to the
development of treatments for AD, in particular drugs that strive to
change the course of the disease.

Variability in a patient’s disease course can be minimized through
enrichment strategies using a genetic marker, cerebrospinal fluid (CSF)
or plasma biomarkers, or imaging techniques. Hippocampal volume
(HV) atrophy has been suggested by both the U.S. Food and Drug
Administration and the European Medicines Agency as a relevant
biomarker of neurodegeneration in AD in recent draft guidances.3*
Understanding the progression of HV atrophy in specific AD popula-
tions can inform its application as either an enrollment criterion or as
an efficacy biomarker in enriched study populations.

Precision medicine in drug development, in which trial populations
are selected based on high-risk genetic variants, has proven very suc-
cessful in a number of therapeutic areas. Apolipoprotein ¢4 allele
(APOE ¢4) is the major genetic risk factor for AD,>¢ with ¢4 carri-
ers comprising 65% to 70% of patients in AD clinical trials. A sin-
gle APOE ¢4 gene increases the risk of AD four-fold, and two genes
increase it 14-fold compared to noncarriers.”8 A more striking rela-
tive risk of AD was reported from a large neuropathological study, in
which APOE £3/¢4 heterozygotes had six-fold higher, and APOE e4/¢4
homozygotes 31-fold higher relative risk compared to the APOE ¢3/¢3
genotype.” APOE &4/¢4 homozygotes comprise approximately 10% to
15% of AD patients and represent the highest risk group with earlier
onset of symptoms,>® and higher burden of aggregated amyloid beta
(AB) pathology.1%11 APOE e4/¢4 homozygotes are reported to have a
high burden of soluble synaptotoxic AB42 oligomers that correlate with
cognitive loss.22714 This high burden of toxic amyloid oligomers makes
APOE ¢4/¢4 homozygotes an ideal population for drugs that target sol-
uble AB oligomers, such as ALZ-801.15-17

ALZ-801 is an oral prodrug of the active agent tramiprosate,’®
which has shown meaningful cognitive benefits in the APOE ¢4 carrier
subgroup of a Phase 3 trial.1%20 ALZ-801/tramiprosate fully inhibits
the formation of AB42 oligomers at the planned Phase 3 clinical
dose.1>16:21 Efficacy of ALZ-801 will be confirmed in a Phase 3 trial
of APOE &4/¢4 subjects with early AD.'7 Because APOE e4/¢4 subjects
also show early and prominent hippocampus atrophy,2223 HV could
be a suitable imaging biomarker to support clinical efficacy in AD tri-
als. Cortical thickness is another neurodegeneration biomarker with
potential utility in treatment trials.2*2° In this study, we analyzed the
rates of hippocampal atrophy and cortical thinning in APOE £4/¢4 sub-
jects with early AD compared to APOE £3/¢3 subjects, in two indepen-
dent volumetric magnetic resonance imaging (MRI) datasets. We also
investigated the correlation of these brain atrophy rates with cognitive

decline over 24 months.

RESEARCH IN CONTEXT

1. Systematic Review: Rates of hippocampal atrophy and
cortical thinning in Alzheimer’s Disease Neuroimaging
Initiative (ADNI-1) and a tramiprosate clinical trial were
analyzed. Apolipoprotein E (APOE) ¢4/¢4 homozygotes
with mild cognitive impairment (MCI) or mild Alzheimer’s
disease (AD) exhibited significantly smaller baseline hip-
pocampal volumes, and accelerated hippocampal atrophy
and cortical thinning rates over 12 months, compared to
APOE £3/e3 subjects. These atrophy rates were signifi-
cantly correlated with cognitive decline in MClI, but not in
mild AD.

2. Interpretation: These imaging-cognitive correlations in
MCI support the utility of these imaging biomarkers in
early AD trials. Rates of hippocampal atrophy or cortical
thinning can be used as main outcomes in Phase 2 drug
trials of >12 months, to predict clinical effects in early AD.

3. Future directions: Correlation of drug effects on hip-
pocampal atrophy or cortical thinning to cognitive bene-
fits in early AD would support their use as potential sur-
rogate outcomes in prevention trials of presymptomatic
subjects, allowing trials of shorter duration.

2 | METHODS

2.1 | ADNI-1 study population

The first volumetric MRI (vMRI) and clinical datasets were from the
observational Alzheimer’s Disease Neuroimaging Initiative (ADNI-1)
study, which was designed to evaluate multiple biomarkers at the early
stages of the AD spectrum, including cognitively normal elderly, late
mild cognitive impairment (LMCI), and mild AD.2627 The biomarkers
included vMRI measures and CSF assays of amyloid and tau levels. The
ADNI-1 cognitively normal group (n = 255) had very few APOE ¢4/¢4
subjects with serial MRIs and was not included in this analysis. ADNI-1
enrolled 301 subjects with LMCI and 166 subjects with mild AD. From
these groups, we selected subjects with the APOE ¢3/e3 and APOE
e4/¢4 genotypes, who had serial MRIs. This included 122 subjects with
LMCI (29 with APOE ¢4/¢4), and 50 with mild AD (21 with APOE £4/¢4).
The Mini-Mental State Examination (MMSE) scores were 20 to 26 in
mild AD and >24 in LMCI groups. The number of APOE ¢3/¢3 and APOE
e4/e4 subjects with LMCI and mild AD in the overall clinical, vYMRI, and
CSF datasets are shown in Table 1.

2.2 | ADNI-1 clinical dataset

Details of the ADNI-1 clinical assessments were previously

described.?” Cognitive scales included the 13-item Alzheimer’s
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TABLE 1 ADNIdataset: Number of APOE £3/¢3 and APOE ¢4/¢4
subjects with LMCI and mild AD

Population LMCIN =301 Mild AD N = 166
APOE APOE APOE APOE
Genotype £3/e3 £4/c4 £3/e3 £4/c4
Overall sample 228 73 101 65
MRI subgroup 93 29 29 21
CSF+ subgroup 46 21 22 23

Abbreviations: AD, Alzheimer’s disease; ADNI-1, Alzheimer’s Disease Neu-
roimaging Initiative 1; APOE, apolipoprotein E; CSF, cerebrospinal fluid;
LMCI, late mild cognitive impairment; MCI, mild cognitive impairment; MRI,
magnetic resonance imaging. CSF+ subgroup: subjects had positive cere-
brospinal fluid amyloid assay at baseline.

Disease Assessment Scale-Cognitive subscale 13-item scale (ADAS-
Cog13) and the MMSE. The composite cognitive-functional scale was
the Clinical Dementia Rating Sum of Boxes (CDR-SB). Assessments
were collected at baseline and months 3, 6, 9, 12, 18, and 24. APOE
£3/e3 and APOE ¢4/¢4 subjects in the MRI subgroup were included in
this analysis (Table 1).

2.3 | ADNI-1 volumetric MRI dataset

In the LMCI and mild AD groups, a total of 172 subjects had the geno-
types of interest and serial MRIs at baseline, 12, and 24 months (http:
//adni.loni.ucla.edu). The number of APOE £3/¢3 and APOE ¢4/¢4 sub-
jects with MRIs is shown in Table 1. A subset of subjects also had CSF
assays for AB42 and tau at baseline. Of the APOE £3/¢3 subjects, 56%
of LMCI and 74% of mild AD had CSF positive for AD pathology, while
all APOE ¢4/¢4 subjects were CSF positive (Table 1).

2.4 | Volumetric MRI analysis methods

The vMRI data included 3D T1-weighted images, which were acquired
at 1.5T, and consisted of MP RAGE (Siemens), 3D TFE (Philips), and 3D
Fast SPGR (General Electric) pulse sequences, with a 1.25 x 1.25 x 1.2

mm?3

voxel resolution in a sagittal orientation.

All MRI analyses were performed by Bioclinica. These analyses
included assessments of total hippocampal volume (HV = left + right
volume), cortical thickness, and whole brain volume (WBV). All vMRI
data were processed centrally with fully automated methods using
FreeSurfer v5.2 for brain segmentation at baseline.?82? Hippocampal
volume, cortical thickness, and WBV were derived. Volume changes
at follow-up timepoints were assessed using boundary shift integral.2°
For cortical thickness, a composite average thickness was derived as
the Mayo Index.3132 Changes in cortical thickness (Mayo Index) were
analyzed by a Jacobian-based method.3® Volumetric measures were
adjusted for age, years of education, and head size. HV is presented in
mm3, and cortical thickness in mm. HV and cortical thickness atrophy

rates are presented as percent decrease from baseline.

Clinical Interventions

2.5 | vMRI dataset from a tramiprosate Phase 3
trial (placebo arm)

The second vMRI dataset is from a Phase 3 trial of oral tramiprosate
in mild to moderate AD that included an MRI substudy.>* APOE ¢4/¢4
homozygotes with mild AD, MMSE 20 to 26 inclusive, had shown
dose-dependent cognitive benefit on tramiprosate.2° This mild AD
group with serial MRIs included 28 APOE ¢4/¢4 and 62 APOE ¢3/¢3
subjects of whom 15 and 16, respectively, were on placebo (Table 3).
Images were obtained using mostly 1.5 Tesla MRI at baseline and 18
months. MRI analysis methods were similar to those of the ADNI-1

dataset.

2.6 | Statistical methods

For each imaging endpoint, change from baseline was calculated at 12
and 24 months. A mixed-effects model was defined to assess the rela-
tionship among effects of age, education, head size, APOE ¢4/¢4 as
covariates, and their interactions with time from baseline scan. Like-
lihood ratio test was used to assess the significance of APOE e4/e4 x
time interactions. Only APOE &4/¢4 x time interaction was retained
given the smaller sample size. APOE ¢4/¢4 effects on imaging endpoints
were assessed at baseline and month 24 using a two-sample t test,
after adjusting for age, education, and head size. All analyses were per-
formed using the R package (R Foundation for Statistical Computing,
Vienna, Austria: https://www.R-project.org).

For each clinical endpoint, changes from baseline in clinical scores
were estimated by fitting a linear model for each subject. APOE ¢4/¢4
effects on clinical scores were assessed at baseline and month 24 using
a two-sample t test, after adjusting for age and years of education.
A mixed-effects model was defined to assess the relationship among
effects of age, education, APOE ¢4/¢4, and their interactions with time
from baseline visit. The likelihood ratio test was used to assess the sig-
nificance of APOE 4/¢4 x time interactions. vMRI changes from base-
line were correlated with ADAS-Cog13, MMSE, and CDR-SB changes

from baseline using Pearson’s correlations.

3 | RESULTS

3.1 | Demographics and baseline characteristics

For the ADNI dataset, results are shown in Table 2. The MCI groups
showed similar baseline characteristics between APOE £3/¢3 and
APOE ¢4/e4 subjects, except that APOE ¢4/¢4 subjects were approx-
imately 5 years younger, with smaller HV, and higher (worse) ADAS-
Cog13 scores than APOE £3/e3 subjects. The mild AD group showed
similar age and HV differences between APOE £3/¢3 and APOE ¢4/¢4
subjects, but no difference on ADAS-Cog13 scores. Tramiprosate study
data of the placebo arm are shown in Table 3. The mild AD groups
showed similar baseline characteristics, except for significantly smaller
HV in APOE £4/¢4 than APOE £3/¢3 subjects.
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TABLE 2 ADNI: baseline characteristics of APOE £3/e3 and APOE e4/¢4 subjects with LMCI and mild AD
LMCI Mild AD
APOE £3/¢3 APOE ¢4/¢4 APOE £3/¢3 APOE &4/:4
Characteristics N=93 N=29 P N =29 N=21 P
Age (years) 75.96 (7.56) 71.22(5.88) .002 76.47 (8.79) 71.63(7.53) .047
Sex (% male) 67% 62% NA 48% 57% NA
Education (years) 15.86(2.96) 15.76 (2.40) NS 15.52(3.31) 14.52 (2.04) NS
MMSE 27.08(1.84) 26.69(1.77) NS 23.34(2.09) 23.43(1.86) NS
ADAS-Cog13 17.38(5.90) 20.39(5.53) 0.016 29.39(8.91) 29.32(6.08) NS
CDR-SB 1.45(0.83) 1.57(0.87) NS 4.26(1.49) 4.57 (1.54) NS
Hippocampus volume (cc) 6.26 (0.95) 5.46(0.73) <.001 5.95(1.26) 4.82(0.76) <.001
Cortical thickness (mm) 2.61(0.18) 2.62(0.16) NS 2.50(0.24) 2.46(0.16) NS
Whole brain volume (cc) 995.35(56.12) 975.02 (58.26) .094 963.47 (59.08) 933.54(56.12) .077

Abbreviations: AD, Alzheimer’s disease; ADAS-Cog13, Alzheimer’s Disease Assessment Scale-Cognitive subscale 13-item scale; ADNI, Alzheimer’s Disease
Neuroimaging Initiative; APOE, apolipoprotein E; CDR-SB, Clinical Dementia Rating Sum of Boxes; LMCI, late mild cognitive impairment; MCI, mild cognitive
impairment; MMSE, Mini-Mental State Examination; NA, not applicable; NS, not significant; vMRI, volumetric magnetic resonance imaging.

Note: All vYMRI measures were adjusted for age, years of education, and head size.

TABLE 3 Tramiprosate data: baseline characteristics of APOE
€3/e3 and APOE e4/e4 subjects with mild AD

APOE ¢3/¢3 APOE £4/:4

Characteristics N =62 N=28 Pvalue
Age (years) 71.9(9.8) 70.1(7.5) NS
Sex (% male) 55% 43%
Education (years) 13.8(3.6) 13.7 (2.5) NS
MMSE 23.2(1.89) 23.3(1.97) NS
ADAS-Cog1l1 17.9(6.02) 17.5(5.24) NS
CDR-SB 4.8(1.77) 4.6(1.84) NS
Hippocampus 3.5(0.79) 3.1(0.78) 026

volume (cc)
Whole brainvolume 1074.4(92.21)  1076.3(104.60) NS

(cc)

Abbreviation: AD, Alzheimer’s disease; ADAS-Cog13, Alzheimer’s Disease
Assessment Scale-Cognitive subscale 13-item scale; APOE, apolipoprotein
E; CDR-SB, Clinical Dementia Rating Sum of Boxes; MMSE, Mini-Mental
State Examination; NS, not significant; vMRI, volumetric magnetic reso-
nance imaging.

Notes: All vYMRI measures were adjusted for age, years of education, and
head size. Cortical thickness was not measured in this dataset.

3.2 | Comparison of vMRI change rates in APOE
£4/¢4 and APOE £3/:3 subjects

APOE £4/¢4 homozygotes with LMCI showed significantly higher % HV
atrophy and cortical thinning at 12 months, compared to APOE £3/¢3
subjects (Table 4). At 24 months, HV, cortical thickness, and WBYV all
showed significantly higher % decrease in APOE ¢4/¢4 compared to
APOE £3/¢3 subjects (Table 4, WBV not shown).

APOE ¢4/¢4 homozygotes with mild AD showed significantly
higher % cortical thinning and a trend to higher % HV atrophy at

12 months (P < 0.1). At 24 months, both cortical thickness and HV
showed significantly more % atrophy in APOE ¢4/e4 than APOE
€3/e3 subjects (Table 4). In contrast, WBV atrophy rates in mild AD
were not significantly different between APOE ¢4/¢4 and APOE
€3/e3 groups at either 12 or 24 months (data not shown). The vMRI
atrophy rate comparisons showed similar results in the CSF positive
subgroup.

3.3 | Correlations of vMRI changes with cognitive
decline in APOE ¢4/:4 homozygotes

In the LMCI group, both HV and cortical thickness changes were sig-
nificantly correlated with cognitive worsening on ADAS-Cog13 and
MMSE over 24 months, but not with CDR-SB changes. In contrast, none
of the vMRI changes were significantly correlated with the cognitive
decline in the mild AD group (Table 5).

3.4 | Comparison of HV atrophy rates in APOE
£4/¢4 group from ADNI-1 and tramiprosate data

To allow comparisons between ADNI data at 12 and 24 months and
tramiprosate placebo at 18 months, annualized HV atrophy rates were
calculated. In the tramiprosate placebo group, annualized HV atrophy
rates were significantly higher in the APOE €4/¢4 group (5.8%, standard
deviation [SD] = 5, n = 15) than the APOE £3/¢3 group (3.4%, SD = 2.0,
n = 14). The annualized rates in the ADNI APOE ¢4/¢4 groups were:
LMCl at 12 and 24 months (4.4%, SD = 2.6; 4.9%, SD = 2.3;n = 27),and
mild AD at 12 and 24 months (7.4%,SD = 3.7;8.1%,SD = 3.3;n=21).In
APOE e4/¢4 subjects, the annualized atrophy rate in the tramiprosate
placebo group was not significantly different from those in the ADNI
dataset (Figure 1).
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TABLE 4 ADNIdataset: Hippocampus volume and cortical thickness change rates in APOE €4/¢4 and APOE €3/¢3 subjects

Panel A: Change rates (% atrophy) in LMCI subjects

HV (cc) Cortical thickness (mm)

APOE c4/¢4 APOE ¢3/¢3 APOE ¢4/¢4 APOE £3/¢3
Timepoint N =29 N =93 Pvalue*® N =29 N=93 P value*
Baseline 5.46 6.26 <.001 2.62 261 .898
Mean (SD) (0.73) (0.95) (0.16) (0.18)
12-month change -4.41% -2.76% .006 -3.13% -1.79% <.001
(SD) (2.62) (3.03) (1.24) (1.60)
24-month change -9.73% -6.17% .001 -6.03% -3.51% <.001
(SD) (4.67) (5.14) (2.16) (2.54)
Panel B: Change rates (% atrophy) in mild AD subjects

HV (cc) Cortical thickness (mm)

APOE c4/¢4 APOE £3/¢3 APOE ¢4/:4 APOE £3/:3
Timepoint N=21 N=29 P* N=21 N=29 P*
Baseline 4.82 5.95 <.001 246 2.50 479
Mean (SD) (0.78) (1.26) (0.16) (0.24)
12-month change -7.44% -5.43% 06" -4.68% -3.28% .011
(SD) (3.73) (3.38) (2.28) (1.50)
24-month change -16.10% -10.74% .005 -8.62% -6.55% .025
(SD) (6.60) (5.73) (3.22) (3.00)

Abbreviations: AD, Alzheimer’s disease; ADNI, Alzheimer’s Disease Neuroimaging Initiative; APOE, apolipoprotein E; CDR-SB, Clinical Dementia Rating Sum
of Boxes; HV, hippocampus volume; LMCI, late mild cognitive impairment; MCI, mild cognitive impairment; SD, standard deviation; vMRI, volumetric magnetic

resonance imaging.

Note: HV shown in mm?3, cortical thickness in mm. P-values that are either statistically significant or a positive trend are bolded.

*P < 0.05 is considered statistically significant.
TP < 0.1is considered a positive trend.

TABLE 5 Correlations of hippocampal atrophy and cortical
thinning with clinical score changes over 24 months in APOE ¢4/¢4
subjects with LMCI

Characteristics HV Cortical thickness

r P r P
ADAS-Cog13 -0.55 0.002 -0.59 <0.001
MMSE 0.39 0.037 0.38 0.041
CDR-SB - NS - NS

Abbreviations: AD, Alzheimer’s disease; ADAS-Cog13, Alzheimer’s Disease
Assessment Scale-Cognitive subscale 13-item scale; APOE, apolipopro-
tein E; CDR-SB, Clinical Dementia Rating Sum of Boxes; HV, hippocampus
volume; LMCI, late mild cognitive impairment; MMSE, Mini-Mental State
Examination; NS, not significant.

Notes: r denotes Pearson’s Correlation. In mild AD, none of the correlations
were significant.

4 | DISCUSSION

HV and cortical thickness are considered physical biomarkers of neu-
rodegeneration in AD,%272535 and have potential to show objective
effects in drug trials, supporting disease modification. These biomark-

ers may also serve as selection criteria to enrich prevention trials with

presymptomatic subjects who are fast progressors, and most likely to
convert to AD.

The key finding of this study is that APOE ¢4/¢4 homozygotes with
late MCl and mild AD show accelerated hippocampal atrophy and corti-
cal thinning compared to APOE £3/¢3 subjects. The differences in atro-
phy rates between these two genotypes are apparent after 1 year of
follow-up. The second main finding is the significant correlation of both
hippocampal atrophy and cortical thinning with cognitive decline on
ADAS-Cog13 and MMSE in APOE £4/e4 homozygotes. This significant
correlation was observed at the MCI, but not mild AD, stage. These
findings suggest that HV and cortical thickness may be of value for tri-
als at the early symptomatic phase of AD (MCI or earlier), for select-
ing subjects who are likely to decline cognitively over 78 weeks. This
would be especially helpful for prevention studies in presymptomatic
subjects, who would otherwise require studies of at least 3 years’ dura-
tion to show cognitive decline. The population of MCI and mild AD
subjects is now collectively called early AD and is considered a suit-
able population for amyloid-targeted therapies. To date, two amyloid
immunotherapies, aducanumab and BAN2401, have shown promising
clinical efficacy and fluid biomarker effects in early AD trials.3¢:37

Previous AD studies have shown accelerated hippocampal atrophy

rates in APOE &4 carriers compared to noncarriers,2338:37 put none
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FIGURE 1

Mean annualized hippocampus volume change rates (% atrophy) in apolipoprotein E ¢4/¢4 homozygotes from Alzheimer’s Disease

Neuroimaging Initiative (ADNI) and tramiprosate datasets. NS, not significant. Error bars are standard errors of the mean. Tramiprosate
annualized atrophy rate at 18 months was intermediate between the late mild cognitive impairment and mild Alzheimer’s disease rates in ADNI

have analyzed APOE £4/¢4 homozygotes specifically. A unique strength
of this study is that we focused on APOE ¢4/¢4 and compared them
to APOE ¢3/e3 subjects, rather than all APOE ¢4 noncarriers. This
approach provides the best contrast between the effects of APOE ¢4
versus APOE €3 alleles on disease progression by avoiding the pro-
tective effect of APOE ¢2 allele in APOE £2/¢3 subjects.”*? Another
strength of this study is that the HV atrophy rates from the ADNI-
1 dataset were similar to placebo rates from the tramiprosate trial,3*
supporting the relevance of this data to the design of future AD thera-
peutic trials.

The observed differences in HV atrophy between APOE ¢4/¢4 and
APOE £3/¢3 subjects were more significant at the MCI than mild AD
stage, suggesting that hippocampus changes may start at the presymp-
tomatic stage in APOE ¢4/¢4 homozygotes. This is consistent with
the early impairment of hippocampus-dependent memory reported in
APOE ¢4 carriers,*142 early amyloid deposition,*® and prominent tau
pathology in the medial temporal lobe.*3

Both the U.S. Food and Drug Administration and the European
Medicines Agency support the use of HV as a biomarker of neurode-
generation in AD in their recent draft guidances.>* A critical consid-
eration in biomarker selection as an outcome measure is its respon-
siveness to drug effects. In the tramiprosate Phase 3 MRI substudy, a
dose-dependent decrease in HV atrophy over 18 months of treatment
was reported,3* suggesting that HV could be useful as a tramiprosate
efficacy biomarker. HV atrophy rates from this analysis can be used to
design efficient studies with HV as the primary outcome. In APOE ¢4/¢c4
subjects, the mean rates of HV atrophy over 12 months were 4.41% in
MCI, and 7.44% in mild AD.

For a study in early AD, it can be assumed that over 18 months the
rate of HV atrophy would be ~6%. Tramiprosate study data from the
APOE ¢4/¢4 placebo arm showed baseline HV of 2870 mm?3 with SD
of 699, and decline to 2736 mm?3 with SD of 661, over 18 months.
Based on these data, a placebo-controlled biomarker study with a sin-
gle active treatment arm, with 150 patients per arm and 18 months
follow-up, can detect 30% reduction in HV atrophy with > 80% power,
and can detect 50% reduction with > 95% power, at two-sided alpha of
0.05.

To our knowledge, this is the first report describing longitudinal
changes in the composite average cortical thickness32 in APOE &4/¢4
homozygotes. Cortical thickness is less affected by head size or sex
than HV2¢ and may have methodological advantages. Again, the rates
of cortical thinning were higher in APOE ¢4/¢4 than APOE £3/¢3 sub-
jects, and these differences were especially prominent at the MCI
stage. Cortical thickness differences between the genotypes were even
more significant than the HV differences. Therefore, cortical thickness
may complement HV assessments and merits inclusion as an imaging
biomarker in future AD trials. These HV and cortical thickness findings
suggest that homozygotes represent a distinct biological phenotype of
AD with clear differences from APOE £3/¢3 subjects, making it prudent
to evaluate them in separate clinical trials.

An important finding from our analyses is the correlation of hip-
pocampus atrophy and cortical thinning with cognitive changes on
ADAS-Cog13 and MMSE. Both HV atrophy and cortical thinning
showed significant correlations to cognitive decline, but only at the
MCI stage. This suggests that these MRI changes may be early

harbingers of impending cognitive symptoms at the presymptomatic
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stage and could have utility as entry criteria in prevention trials in
presymptomatic APOE e4/¢4 homozygotes, and possibly other AD pop-
ulations. Current presymptomatic AD trials require treatment dura-
tion of 3 to 5 years to show a delay in conversion to symptomatic
AD.***> Enrollment of APOE g4/¢4 subjects at the highest risk of con-
version to AD, based on their HV and/or cortical thickness status,
would allow for shorter and more efficient trials. Based on prior stud-
ies, it is likely that a longitudinal decline in these imaging biomarkers,
rather than a specific cut-off, may be a better predictor of impending
cognitive decline.

Potential limitations of our analyses include the small sample size of
APOE &4/¢4 groups, and the applicability of the U.S. ADNI population
to amore diverse AD population in global clinical trials. The differences
between APOE genotypes were significant despite the limited sample
size of APOE ¢4/¢4 subjects. However, the imaging-cognitive correla-
tions may be more robust in a larger dataset. Replication of these find-
ings in a larger and more diverse dataset would be helpful.

Another approach to identifying APOE ¢4/¢4 subjects at risk of
impending cognitive decline incorporates the use of plasma or CSF
AD biomarkers.*¢ Recent studies highlighted the diagnostic value of
plasma phosphorylated tau protein (p-tau) in MCl and preclinical AD,
and its potential in predicting disease progression.*”*8 In addition,
plasma neurofilament light chain (NfL) was found to reflect early neu-
ronal injury in MCI, and to correlate well with CSF levels of NfL.#7->1
However, these plasma measures show some overlap between cogni-
tively normal elderly subjects with negative and positive amyloid sta-
tus. Adding HV and cortical thickness to this plasma panel of p-tau and
NfL may allow better selection of APOE £4/¢4 subjects at the highest
risk of AD for clinical trials, and guide future therapeutic and preven-
tive treatment regimens.

The ALZ-801 program in APOE ¢4/¢4 subjects with early AD is an
example of a precision medicine approach guided by genetics and dis-
ease biomarkers. ALZ-801 is a prodrug formulation of tramiprosate
with substantially improved oral absorption, safety, and tolerability.'8
ALZ-801 inhibits the formation of AB oligomers and fully blocks
oligomer formation at the planned clinical dose.’>1721 The planned
78-week Phase 3 study will have ADAS-Cog13 as a primary cognitive
outcome. The study will include serial vYMRI measurements and a CSF
substudy (for CSF AB42/40, p-tau, NfL, total-tau, neuroinflammatory
markers), and extensive sampling for plasma biomarkers including p-
tau and NfL. Analyses of MRI and plasma biomarkers from progressors
versus non-progressors can further inform a non-invasive enrichment
scheme for prevention trials in presymptomatic AD.

In conclusion, accelerated hippocampus atrophy and cortical thin-
ning in APOE ¢4/¢4 homozygotes with early AD supports the dis-
tinct biological profile of this population. If hippocampus volume and
cortical thickness effects correlate with cognitive benefit of ALZ-
801/tramiprosate in the upcoming Phase 3 trial of APOE £4/¢4 homozy-
gotes, this can support their use as either selection criteria or surrogate
endpoints in prevention trials of APOE £4/¢4 homozygotes and poten-
tially other AD populations. This unique clinical and biomarker profile
of the APOE ¢4/¢4 patients makes them an optimal population for ther-

apeutic as well as preventive trials in AD.
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