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Abstract

BACKGROUND: Alzheimer’s Disease (AD) patients
homozygous for the APOE4 allele (APOE4/4) have a distinct
clinical and biological phenotype with high levels of beta
amyloid (Aβ) pathology and toxic Aβ oligomers. Tramiprosate,
an oral agent that inhibits Aβ monomer aggregation into toxic
oligomers, was evaluated in two Phase 3 Mild to Moderate AD
studies which did not show efficacy in the overall population.
Re-analyses of these trials showed the most consistent clinical
benefits in APOE4/4 patients. We analyzed efficacy in the
APOE4/4 patients with Mild disease.
OBJECTIVES: To determine the optimal stage of AD for future
trials in APOE4/4 homozygotes.
DESIGN: Two randomized, double-blind, placebo-controlled
parallel-arm multi-center studies of 78-weeks duration.
SETTING: Academic Alzheimer’s disease centers, communitybased memory clinics, and neuropsychiatric research sites.
PARTICIPANTS: Participants included 2,025 AD patients with
MMSE 16-26. Approximately 13-15% had APOE4/4 genotype
(N= 147 and 110 per study), mean age 71.1 years, 56% females.
Almost all were on stable symptomatic drugs.
INTERVENTION: Randomized subjects received oral placebo,
100mg BID, or 150mg BID of tramiprosate.
MEASUREMENTS: Co-primary outcomes were change from
baseline in the ADAS-cog11 and CDR-SB. Disability assessment
for dementia (DAD) was a secondary outcome.
RESULTS: In APOE4/4 homozygotes receiving 150mg BID
tramiprosate, efficacy in the traditional Mild AD patients
(MMSE 20-26) was higher than the overall group (MMSE 16-26)
and efficacy in the Mild patients (MMSE 22-26) was highest.
Tramiprosate benefits compared to placebo on ADAS-cog,
CDR-SB, and DAD were 125%, 81% and 71%, respectively
(p<0.02). The Mild subgroup (MMSE 22-26) showed cognitive
stabilization with no decline over 78 weeks, both ADAS-cog
and DAD effects increased over time. Tramiprosate safety in
APOE4/4 patients was favorable. Most common adverse events
were nausea, vomiting, depression and decreased weight.
CONCLUSIONS: The Mild subgroup of APOE4/4 AD
patients (MMSE 22-26) showed larger benefits on the high
dose of tramiprosate than the overall Mild and Moderate
group. Consistent with its preclinical effects on Aβ oligomers,
tramiprosate seemed to stabilize cognitive performance,
supporting its disease modification potential. Confirmatory
studies using ALZ-801, an improved pro-drug formulation of
tramiprosate, will target APOE4/4 patients with Mild AD.
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Introduction

T

he ε4 allele of the apolipoprotein E gene
(APOE4) is an important risk factor for
Alzheimer’s disease (AD), second only to age
(1). The APOE4 genotype confers a 4 to 12-fold higher
risk of AD and lowers the age of onset by approximately
10-15 years (2, 3). APOE carrier proteins, which play an
important role in membrane maintenance, are produced
by astrocytes in response to injury and regulate neuronal
Beta amyloid (Aβ) metabolism (4, 5). The APOE4 isoform
reduces clearance of Aβ monomers, promotes their
aggregation into soluble toxic oligomers and insoluble
fibrils (5, 6), and may directly stimulate Aβ synthesis (7).
These effects on Aβ are thought to underly the high risk
of AD in APOE4 carriers. .
APOE4 carriers have a distinct biological and
clinical phenotype across imaging, biomarker and
clinical studies. APOE4 carriers have higher rates of
positive amyloid scans across all stages of disease (8,
9), show greater cortical amyloid burden, regional
hypometabolism (10), and more marked hippocampal
atrophy than non-carriers (11). Their clinical profile
reflects hippocampal deficits with delayed memory
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affected earlier than executive function or language (12,
13). APOE4/4 homozygotes exhibit significantly greater
amyloid burden than heterozygotes (14). APOE4/4
homozygotes thus represent a biologically homogenous
population of AD patients that is enriched for amyloid
pathology.
Tramiprosate is an oral amyloid targeted agent that
inhibits Aβ oligomer formation and fibrillar (plaque)
deposition in transgenic animal models (15-17).
Tramiprosate was previously evaluated in two Phase
3 trials in Mild to Moderate AD. The North American
trial results did not show efficacy in the overall study
population (18), and the European trial was terminated
before completion. Analyses of these studies based
on the number of APOE4 alleles showed a gene-dose
effect revealing the largest efficacy signals in APOE4/4
homozygotes, intermediate in APOE4 heterozygotes and
lowest in APOE4 non-carriers (19). This parallels the
rank order of amyloid positivity in APOE4 subgroups
from recent AD trials, with highest rates (~98%) in
APOE4/4 homozygotes, and lowest rates (~60%) in noncarriers (20). In APOE4/4 homozygotes, tramiprosate
showed promising clinical benefits in the overall Mild to
Moderate AD group (19). Since Aβ toxicity is thought to
play a larger role at the early stages of AD, we explored
the efficacy of tramiprosate in two Mild subgroups of
APOE4/4 patients.

Methods
Study Design
The Phase 3 tramiprosate studies included a North
American (NA) study (NCT00088673) and a European
(EU) study (NCT00217763). The NA and EU study results
were previously reported (18, 19). These studies were
conducted in accordance with ICH guidance and all local
regulations. Both the NA study (Study CL-758007) and
EU study (CL-758010) were multi-center, randomized,
placebo-controlled, double-blind, parallel-arm studies of
78 weeks duration. The EU study had similar design and
outcome measures, but was terminated before completion
when the NA study did not show significant efficacy in
the overall study population.

Study Participants
Both studies enrolled AD patients with baseline
Mini-Mental State Examination (MMSE) scores of 16-26,
inclusive. The NA study included 67 centers in the US
and Canada, and the EU study included centers from
11 Western European countries. The AD diagnosis was
based on clinical criteria with brain MRI or CT imaging
as supportive evidence, since amyloid imaging was not
widely available at the time. Participants were enrolled
and randomized into one of three arms (placebo, 100mg

BID and 150mg BID of tramiprosate) and received
study drug for 78 weeks, with study visits occurring
every 13 weeks. The NA study allowed treatment with
cholinesterase inhibitors alone, or with memantine, at
stable doses for at least 12 weeks. The EU study allowed
cholinesterase inhibitors only, and prohibited memantine
use.

Outcome Measures
Co-primary outcomes in both studies were changes
from baseline (CBL) to Week 78 on the 11-item
Alzheimer’s Disease Assessment Scale-Cognitive
Subscale (ADAS-cog) (21), and on the Clinical
Dementia Rating – Sum of Boxes (CDR-SB) (22). The
CDR-SB combines cognitive and functional measures.
Secondary outcomes included the Disability Assessment
for Dementia (DAD) (23) which evaluates function and
disability; the MMSE (24) which is a cognitive staging
instrument; and the 12-item Neuropsychiatric Inventory
(NPI) (25) which evaluates the presence and severity of
12 neuropsychiatric symptoms that commonly occur in
dementia patients. Higher values on the ADAS-cog, CDR
and NPI indicated worsening, while higher values on the
DAD and MMSE indicate improvement.

Clinical Datasets: NA and EU Studies
The NA and EU studies included 973 and 870
participants, respectively, with known genotype, of
whom 147 and 110 were APOE4/4 homozygotes. In
these APOE4/4 homozygous subgroups, efficacy and
safety datasets were analyzed separately and as a pooled
dataset (discussed below).

Analyses by APOE4 Genotype
APOE4 status was one of the pre-specified
covariates in the statistical analysis plan (SAP). The
APOE4 genotype-treatment interaction was found to
be significant for both primary outcomes (p< 0.05). In
addition, there was an overall significant treatment
effect by APOE4 by visit interaction for ADAS-cog (p<
0.05). These results suggested that treatment effects are
dependent on APOE4 status. Therefore, an analysis in
APOE4 carriers and non-carriers was performed, and
showed significant efficacy in APOE4 carriers. We
recently further analyzed and published the efficacy
results of both studies based on the number of APOE4
alleles (19). A subset of patients from both studies had
MRI at baseline and end of study, the MRI safety analyses
for vasogenic edema (ARIA-E) were recently reported
(19).
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Efficacy analyses
Efficacy analyses in this report are for subjects in the
intent-to-treat (ITT) population of each study, who had
a baseline and at least one post-baseline assessment,
received at least one dose of study drug, and carried the
APOE4/4 genotype.
The mixed effect model with repeated measures
(MMRM) was the analytical method specified in the
prospectively developed SAP for the NA study. This SAP
had undergone Food and Drug Administration review
prior to database lock on March 30, 2007. This model
included the following terms: treatment, visit, treatment
by visit interaction, study site, and baseline value of the
primary endpoint to be analyzed. The analyses were
performed using this original MMRM. The SAP of the
NA study included the following factors as covariates
to be tested for interaction with drug effect: age, gender,
use of symptomatic drugs, and APOE4 genotype. The
SAP also required that efficacy results be summarized by
APOE genotype.
An additional MMRM analysis termed ‘updated
MMRM’ was performed that included baseline MMSE
values in the model to be consistent with current practice
(19). Both MMRM methods yielded similar results and
conclusions. Results presented in this paper are from
the updated MMRM analyses. Study sites recruiting few
patients were pooled to avoid having a site with only one
subject from a dose arm in an APOE4 subgroup.
The EU Phase 3 study was prematurely discontinued
when the results of the NA study became available.
Most patients had completed the Week 52 visit while
approximately 30% had completed Week 78 evaluations.
Therefore, the last two visits for subgroup analyses with
each of the Mild subgroups had a small sample size and
MMRM analysis was not suitable. The EU dataset was
combined with the NA dataset and analyzed by MMRM,
and is considered a supportive sensitivity analysis.

Safety analyses
The combined NA and EU (Pooled) safety population
included all subjects who received at least one dose of
study drug and who had the APOE4/4 genotype. Safety
analyses included treatment-emergent adverse events
(TEAE) and serious adverse event (SAE). Adverse events
were coded using MedDRA version 9.0. An exploratory
comparison of incidence of TEAE between placebo and
the two active arms was performed using Fisher’s exact
test.

Exploratory Analyses Based on Baseline
Disease Severity
Additional exploratory analyses were performed based
on baseline disease severity, and evaluated efficacy on

ADAS-cog, CDR-SB, DAD, NPI and MMSE. Patients
were classified by baseline MMSE category (16-26; 20-26;
22-26), and data analyzed using the same MMRM method
as the primary analysis, with the exception that site was
not included as a factor in the model due to the smaller
number of patients per site in the Mild subgroups.
Since these APOE4 subgroup analyses are exploratory
and are being used to inform the design of future studies,
the p-values presented were not adjusted for multiple
statistical comparisons. In this paper, the MMSE category
of 20-26 is termed the ‘traditional Mild AD’ group, and
the MMSE category of 22-26 is termed ‘Mild AD’.

Exploratory Analyses of Divergence of Slopes
between Dose Arms
To explore the disease modification potential of
tramiprosate, the difference in slopes between treatment
arms was evaluated for statistical significance. An
MMRM model was used for these analyses, with model
terms including treatment, visit days as a numerical
variable, baseline value of the response variable, baseline
MMSE value, and treatment by visit-days interaction.

Specification of Model Variables (MMRM)
Response Variables
The primary outcome variables for all inferential
statistical analyses were the changes from baseline (CBL)
to each visit i for ADAS-cog and CDR-SB, as defined by:
CBL(ADAS-cog)Visit i=ADAS-cog)Visit i-ADAS-cog)Baseline
CBL(CDR-SB)Visit i=(CDR-SB)Visit i-(CDR-SB)Baseline

Independent Variables
The treatment group was regarded as a class variable
with three levels: (1) tramiprosate 150 mg BID, (2)
tramiprosate 100 mg BID, and (3) placebo. The visit
variable was included as a class variable with values
standing for the visit numbers (Visit 5 to Visit 10,
corresponding to Weeks 13 to 78), and was used to index
the within-subject observations over time.

Covariates
The baseline value of the dependent variable was
entered as a continuous covariate since both absolute
and percent changes over time in the outcome measure
correlate with its value at the baseline visit. Baseline
MMSE score was used as a measure of AD severity at
baseline and was entered as a continuous covariate. The
autoregressive order 1 covariance structure was used to
model the within-subject correlation across the different
visits.
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Table 1. Demographics and Baseline Characteristics in APOE4/4 Homozygotes in Each Study (All Enrolled)
Study CL-758007 (NA)

Demographic
Age, y, mean (SD)
Female, n (%)

Study CL-758010 (EU)

Placebo
N=58

100 mg BID
N=48

150 mg BID
N=41

Placebo
N=38

100 mg BID
N=38

150 mg BID
N=34

72.6 (7.48)

71.7 (7.04)

71.3 (8.08)

70.1 (6.29)

69.7 (8.29)

70.3 (6.42)

34 (58.6)

26 (54.2)

23 (56.1)

20 (52.6)

23 (60.5)

18 (52.9)

Race, n (% White)

57 (98.3)

47 (97.9)

39 (95.1)

38 (100)

38 (100)

34 (100)

Education, mean years (SD)

14.4 (3.0)

15.1 (4.14)

13.8 (3.06)

10.2 (3.57)

11.2 (4.43)

10.8 (4.39)

24.89 (4.22)

24.91 (4.44)

26.19 (3.8)

24.74 (3.63)

25.72 (4.4)

25.36 (3.32)

Subjects taking AChEIs

58 (100)

47 (97.9)

40 (97.6)

38 (100)

38 (100)

33 (97.1)

Subjects taking Memantine

26 (44.8)

21 (43.8)

23 (56.1)

0 (0)

0 (0)

0 (0)

21.7 (6.86)

23.1 (8.64)

22.4 (7.05)

22.6 (8.13)

21.8 (8.65)

20.3 (6.29)

5.9 (3.1)

5.4 (2.65)

6.0 (2.48)

6.3 (2.91)

5.7 (2.86)

5.0 (2.49)

DAD

75.2 (22.43)

77.9 (19.35)

75.8 (20.08)

71.3 (21.98)

76.1 (15.81)

81.7 (18.43)

NPI

8.4 (9.26)

8.9 (10.86)

9.2 (10.98)

10.1 (9.91)

10.3 (9.91)

8.1 (7.46)

MMSE

21.1 (3.12)

20.4 (3.54)

21.1 (3.33)

20.7 (2.92)

21.8 (2.84)

21.9 (2.96)

BMI, mean kg/m2 (SD)
Baseline Clinical Characteristics, n (%)

Baseline Efficacy Measures, Mean (SD)
ADAS-cog
CDR-SB

Higher values for ADAS-cog, CDR-SB and NPI indicate greater disease severity, and lower values in DAD and MMSE indicate greater severity. APOE4 = apolipoprotein
E4; AChEIs = acetylcholinesterase inhibitors; MMSE = Mini Mental State Examination; ADAS-cog = Alzheimer’s Disease Assessment Scale-cognitive subscale; CDR-SB =
Clinical Dementia Rating Sum of Boxes; DAD = Disability Assessment for Dementia; NPI = Neuropsychiatric Inventory.

Results

Efficacy

Demographics and Baseline Characteristics

Efficacy Outcomes in the APOE4/4 Subgroup by
Baseline MMSE Range- NA study

The NA and EU studies enrolled a total of 1052 and 973
patients, respectively. The ITT population from the NA
and EU studies with known APOE genotypes consisted
of 973 and 870 patients, of whom 147 and 110 were
APOE4/4 homozygotes, respectively. The demographics
of APOE4 non-carriers, heterozygotes and homozygotes
were balanced except for a younger mean age in
APOE4/4 homozygotes (19).
Demographics and baseline scores of the APOE4/4
homozygous subgroups in each study are shown in
Table 1. In the NA study, the mean age was 72 years, 57%
were female, and 97% were caucasian. In the EU study,
the mean age was 70 years, 56% were female, and 100%
were Caucasian. In both studies ~99% of subjects were
on cholinesterase inhibitors. The NA study had ~48% of
patients taking memantine, while the EU study did not
allow memantine use. APOE4/4 subgroups in each study
showed similar patient demographics across all three
dose arms.
Baseline clinical scores in the NA and EU studies were
respectively: MMSE 20.9 and 21.5; ADAS-cog 22.3 and
21.6; CDR-SB 5.8 and 5.7; DAD 76.3 and 76.1; and NPI
8.8 and 9.5. In the NA study the low dose arm showed
higher ADAS-cog but lower CDR-SB baseline scores than
the other two arms. In the EU study the placebo showed
higher ADAS-cog and CDR-SB scores than the active
dose arms.

In Table 2 the effects of both tramiprosate doses
(100mg BID and 150mg BID) on the co-primary outcomes
ADAS-cog and CDR-SB are shown for the last two visits
(Weeks 65 and 78) for the NA Study. The overall group
includes Mild and Moderate subjects (MMSE 16-26),
while the two Mild groups include subjects with MMSE
20-26 and 22-26 (Table 2). At the high dose the effects on
both ADAS-cog and CDR-SB increase progressively and
become more significant as the MMSE range is limited to
the traditional Mild group (20 and above), and then to the
Mild group (22 and above).
The time course of tramiprosate effects on ADAS-cog,
CDR-SB and DAD is shown at each visit in Figure 1. In
the Mild group (MMSE 22 and above) at the high dose,
cognitive scores improve and remain above baseline for
78 weeks; CDR-SB also remains above baseline for 65
weeks and shows a small decline compared to baseline
at 78 weeks. In this Mild group the DAD also shows
increasing benefit with time and reaches significance
at 78 weeks. Due to this observation of divergent
treatment effects between the 150 mg and placebo groups,
an additional analysis was performed to examine the
difference in the slopes of these two arms. The difference
in slopes between placebo and the high dose arm was
significant for ADAS-cog (p=0.015), non-significant for
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Table 2. Tramiprosate Effects on Co-Primary Outcomes in APOE4/4 Homozygotes: Mild/Moderate and Mild Subgroups (NA Study)
MMSE Group

Week

LS Mean Difference in CBL
100mg BID

150 mg BID

ADAS-cog

CDR-SB

ADAS-cog

CDR-SB

N

CBL (SE)

P value

N

CBL (SE)

P value

N

CBL (SE)

P value

N

CBL (SE)

P value

Overall

65

37

-1.83 (1.22)

0.13

37

0.18 (0.41)

0.67

34

-3.55 (1.26)

0.0050

34

-0.81 (0.42)

0.0586

16-26

78

36

-0.83 (1.24)

0.50

36

0.24 (0.42)

0.57

34

-2.69 (1.27)

0.0351

34

-0.56 (0.43)

0.19

Mild*

65

22

-1.70 (1.35)

0.21

22

-0.47 (0.43)

0.27

23

-4.27 (1.33)

0.0015

23

-1.27 (0.43)

0.0035

20-26

78

23

-1.94 (1.34)

0.15

23

-0.42 (0.43)

0.33

23

-3.80 (1.34)

0.0048

23

-0.83 (0.43)

0.0577

Mild

65

17

-1.70 (1.48)

0.25

17

-0.64 (0.48)

0.19

18

-4.51 (1.45)

0.0021

18

-1.59 (0.48)

0.0011

22-26

78

17

-2.49 (1.49)

0.0958

17

-0.35 (0.49)

0.48

18

-5.66 (1.46)

0.0001

18

-1.14 (0.48)

0.0197

Note: *MMSE 20-26 is the “traditional Mild group”. Change from Baseline (CBL), is the LS mean differences in ADAS, CDR-SB between active arm and placebo. Negative
values for CBL of ADAS-cog and CDR-SB indicate benefit in favor of drug. Bolded values indicate drug effects with either nominal statistical significance (p< 0.05) or
positive trends (p< 0.1).

compared to placebo is considered the minimal clinically
relevant benefit. The percentage benefits on ADAS-cog,
CDR-SB and DAD (125%, 81% and 71%, respectively)
are well above that threshold. For NPI and MMSE the
percentage benefit of 53% and 24%, respectively, was not
statistically significant, but was directionally positive.
In the Mild group (MMSE 22-26) at the 78-Week
endpoint, the effect size (Cohen’s d) and 95% confidence
intervals (CI) were as follows: for ADAS-cog -0.54 (Lower
CI: -0.82; Upper CI: -0.25); for CDR-SB -0.39 (Lower CI:
-0.71; Upper CI: -0.06); and for DAD 0.52 (Lower CI: 0.15;
Upper CI: 0.89).

Table 3. Effects of Tramiprosate 150mg BID in APOE4/4
Patients with Mild AD (MMSE 22-26, NA Study): Percent
Drug Benefit Compared to Placebo
MILD GROUP (MMSE 22-26)
Outcome
Measures

CBL to
Week

N

Placebo-Corrected LS
Mean (SE)

P value

% Drug
Benefit*

ADAS-cog

52

18

-3.92 (1.43)

0.007

185%

65

18

-4.51 (1.45)

0.002

170%

78

18

-5.66 (1.46)

0.0001

125%

52

18

-1.00 (0.47)

0.036

126%

65

18

-1.59 (0.48)

0.001

130%

78

18

-1.14 (0.48)

0.0197

81%

26

21

4.03 (3.74)

0.284

122%

52

18

5.49 (3.93)

0.165

62%

78

18

11.39 (4.03)

0.006

71%

26

21

-2.49 (2.93)

0.396

213%

52

18

-3.73 (3.09)

0.2298

143%

78

18

-1.93 (3.14)

0.5396

53%

26

21

-0.37 (0.80)

0.648

-48%

52

18

0.32 (0.83)

0.7035

34%

78

18

0.47 (0.85)

0.585

24%

CDR-SB

DAD

NPI

MMSE

Efficacy Outcomes in the APOE4/4 Subgroup by
Baseline MMSE Range- Combined Studies
In the combined datasets, the time course of
tramiprosate effects on ADAS-cog, CDR-SB and DAD is
shown in Figure 2, for the overall (Mild and Moderate
group) and Mild group (MMSE 22-26). For the high dose
least squares (LS) mean differences in the overall group
at 78 weeks on ADAS-cog, CDR-SB and DAD were -2.3,
p=0.04; -0.4, p=0.26; and -1.8, p=0.49, respectively; and
in the Mild group were -4.8, p=0.001; -0.9, p=0.05; 8.4,
p=0.02, respectively. The effects of the high dose on all
three outcomes at the study endpoint were again higher
in the Mild group and achieved nominal significance.

* % Drug benefit is indicated as positive when drug is better than placebo. For
ADAS-cog, CDR-SB, and NPI negative differences indicate drug benefit, for DAD
and MMSE positive differences indicate drug benefit. Bolded values indicate
either statistical significance (nominal p< 0.05) or positive trends (p< 0.1). CBL:
Change from Baseline.

Safety

CDR-SB (p=0.114), and showed a positive trend for DAD
(p=0.068).
The percentage benefit compared to placebo in the
Mild subgroup (MMSE 22-26) that showed the largest
effects is shown in Table 3. For ADAS-cog and CDR-SB,
and for the secondary outcomes of DAD, NPI and MMSE,
results are shown from the last three visits at which
they were assessed. In AD trials a benefit of at least 25%

Across the two studies there were 263 APOE4/4
patients in the safety population. The most common
TEAE are shown in Table 4. The nature of adverse events
in the APOE4/4 group is similar to the overall study
population and there were no events of ARIA-E on active
drug (19). The incidence of nausea, vomiting, depression
and weight loss was higher in the high dose arm than
placebo, but was not statistically significant (nominal
p-value >0.05). The majority of nausea and vomiting
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Figure 1. Time Course of Effect in APOE4/4 Homozygotes in the Overall and Mild Subgroup (MMSE 22-26, NA Study)

CBL determined by MMRM analysis, error bars are SEM. For ADAS-cog and CDR-SB, negative CBL indicate improvement, for DAD positive CBL indicates
improvement. DAD was performed every 26 weeks only. # indicates p< 0.1; * indicates p< 0.05; ** indicates p< 0.01.

Figure 2. Time Course of Effect in APOE4/4 Homozygotes in the Overall and Mild Subgroup (MMSE 22-26, Combined
Studies)

CBL determined by MMRM analysis, error bars are SEM. For ADAS-cog and CDR-SB, negative CBL indicate improvement, for DAD positive CBL indicates
improvement. DAD was performed every 26 weeks only. # indicates p< 0.1; * p< 0.05; ** p< 0.01.

events were mild or moderate and less than five percent
led to discontinuation. The incidence of serious AE was
lower in active arms (14% low dose, 11% high dose) than
placebo (22%). The incidence of headache was lower
in the high dose (1%) arm than placebo (11%, nominal
p-value = 0.013).

Discussion
In APOE4/4 homozygotes the sensitivity analysis of
tramiprosate efficacy based on disease stage suggests

that the Mild subgroup with MMSE 22 and above is
more likely to have larger and more sustained benefits
compared to the overall Mild and Moderate group.
Based on both the NA and NA/EU datasets, the ADAScog drug-placebo differences increase with time, and
cognitive scores remain stable for 78 weeks (Figures 1D,
2D). The CDR-SB effect is also sustained at more than one
point clinical benefit over placebo at 78 weeks (Figure
1E). In both datasets, the differences in disability (DAD)
also increase with time (Figures 1F and 2F). The low
tramiprosate dose in the Mild subgroup shows smaller
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and less consistent numerical benefits. At the high dose,
the ADAS-cog divergence of slopes was statistically
significant, and the DAD showed a positive trend.
Table 4. APOE4/4 Homozygotes: TEAE with incidence
> 5% in overall group* (Combined NA and EU Safety
Population)
Placebo

Tramiprosate
100mg BID

Tramiprosate
150mg BID

Adverse Event, n (%)

N=98

N=86

N=79

Nausea

13 (13)

17 (20)

18 (23)

Vomiting

7 (7)

9 (11)

11 (14)

Depression

9 (9)

5 (6)

10 (13)

Decreased Weight

4 (4)

3 (4)

9 (11)

Fall

9 (9)

7 (8)

8 (10)

Back Pain

3 (3)

4 (5)

7 (9)

Diarrhea

8 (8)

8 (9)

6 (8)

Dizziness

7 (7)

9 (11)

3 (4)

Headache*

11 (11)

7 (8)

1 (1)

TEAE with incidence > 5% in the 3 combined dose arms, and higher incidence
in an active arm than placebo, are listed by descending frequency in the high
dose arm. The incidence of nausea, vomiting, depression and decreased weight
were not significantly higher in active dose arms than placebo (p >0.05). *Note:
Headache is included since incidence in the high dose arm was significantly
lower than placebo p= 0.013.

The magnitude of benefits over placebo on ADAS-cog,
CDR-SB, and DAD (125%, 81% and 71%, respectively)
was large and well above the 25% threshold that is
considered the minimum clinically meaningful difference
by clinical and regulatory experts. This is supported
by the effect sizes at 78-Week endpoint being > 0.5 for
ADAS-cog and DAD, and ~ 0.4 for CDR-SB.
AD patients who are APOE4/4 homozygotes represent
a population with a significant burden of amyloid
pathology including oligomers, and this may explain
their reported preferential response to tramiprosate,
which inhibits assembly of Aβ oligomers (6, 17). The
improved clinical response in the Mild AD subgroups
is also consistent with preclinical effects of tramiprosate
on Aβ aggregation (17), since soluble Aβ oligomers are
thought to play an important and early role in synaptic
toxicity and neurodegeneration in AD (26, 27). This is
supported by Amyloid imaging data from clinical trials
showing ongoing plaque deposition in APOE4 carriers at
the Mild but not the Moderate stage of disease (28).
The magnitude of the tramiprosate effect on CDR-SB in
this analysis is consistent with the efficacy signal from a
study in Early/Mild AD with the anti-amyloid antibody
aducanumab (29). However, the efficacious doses of
aducanumab in the latter study were associated with a
high incidence of vasogenic edema/ARIA-E in APOE4
carriers; even with a dose titration regimen the incidence
of ARIA-E was 35% (30).
The main limitation of the current efficacy analyses is
that they are post-hoc subgroup analyses from the NA

study that did not achieve its primary objectives. The
sample size of the APOE4/4 dataset was also limited,
especially in the Mild subgroups. Within the APOE4/4
homozygous patients, randomization was not stratified
based on baseline severity and the three dose arms were
not precisely comparable, although the MMRM analysis
included baseline severity in the model. Therefore, these
findings require confirmation in prospectively defined
studies in the APOE4/4 homozygous patients at the Mild
AD stage (MMSE 22 and above).
From the safety perspective, tramiprosate showed
a favorable safety profile in APOE4/4 homozygotes,
with a similar profile to the other groups. The most
common gastrointestinal events of nausea and vomiting
are most likely mediated by a direct, local gastrointestinal
(GI) irritation effect of tramiprosate in some subjects.
This GI tolerability is being addressed by development
of ALZ-801, a new pro-drug formulation (31). ALZ801 has shown substantially improved GI tolerability as
well as more consistent plasma levels of tramiprosate
in Phase 1b studies in over 160 healthy elderly subjects
(31). For future studies, ALZ-801 will be used at a dose
that provides bioequivalent exposures to tramiprosate
150 mg BID. Regarding the risk of vasogenic edema,
MRI analyses from the two Phase 3 studies showed no
evidence of vasogenic edema/ARIA-E with tramiprosate
(19), even in the high risk group of APOE4 carriers (29).

Conclusions
Reanalysis of two prior tramiprosate studies showed
promising efficacy in the APOE4/4 homozygous patients
with Mild and Moderate AD. In this sensitivity analysis,
the subgroup of Mild AD patients (MMSE 22 and above)
shows larger and more sustained clinical effects on the
high dose of tramiprosate. The cognitive scores improve
and remain above baseline throughout the 78 weeks
of treatment. The divergence of slopes (non-parallel
slopes) between the two arms was significant. These
effects on ADAS-cog were associated with significant
and sustained benefits on function and disability over
the study duration. This overall efficacy profile is
supportive of a potential disease modifying effect and is
consistent with the molecular mechanism of tramiprosate,
inhibiting formation of toxic Aβ oligomers. The safety
profile in the overall APOE4/4 homozygous group was
favorable. Prospective confirmation of these clinical
effects in APOE4/4 homozygotes at the Mild stage of
AD is warranted. The focus on this genetically-defined
population represents a precision medicine approach to
AD that has been successful in other challenging diseases.
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