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Buntanetap treatment in mild to moderate
Alzheimer’s disease: phase 2/3 study
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Buntanetap is an orally available small RNA targeting molecule that inhibits the translation of multiple
neurotoxic aggregating proteins, including amyloid precursor protein (APP) and Tau. It has been
evaluated in 13 clinical trials involving over 1000 participants, including healthy volunteers, patients
with Alzheimer’s disease (AD) and Parkinson’s disease (PD), and has shown a favorable safety and
tolerability profile. In two small studies in early AD, buntanetap demonstrated a trend toward cognitive
improvement, despite being underpowered for efficacy. In a Phase2/3 study in early PD, it also
improved PD patients’ cognitive functions. We evaluated safety and efficacy of buntanetap in treating

mild to moderate AD patients in this 3-month randomized double-blind dose-ranging study
(NCT05686044). Total of 351 Patients were equally randomized to either 7.5 mg, 15 mg, 30 mg
buntanetap or placebo. Buntanetap had a favorable safety profile. The study did not meet its primary
endpoints (ADAS-Cog-11 and ADCS-CGIC), as 40% of participants lacked amyloid pathology.
However, in amyloid biomarker-positive mild AD patients, buntanetap demonstrated nominally
statistically significant dose-dependent cognitive benefits, supported by biomarker evidence of target
and pathway engagement. Further evaluation of buntanetap in this patient population are warranted. A
Phase 3 trial is currently underway to confirm these findings (NCT06709014).

Alzheimer’s disease (AD) is the most common neurodegenerative disorder,
affecting over 7-million people in the United States alone and represents the
most common cause of dementia in older adults'’. AD, along with many
other neurodegenerative diseases, is characterized by memory loss, cognitive
decline, and changes in personality and behavior'”. Currently available
symptomatic treatments do not delay disease progression®, while recently
approved monoclonal antibodies targeting amyloid, Leqembi and Kisunla,
slow cognitive decline by 27-35% in 18 months™. However, despite recent
progress in the field, AD continues to represent a significant unmet need.
In the past 10 years, studies have shown that multiple neurotoxic
protein aggregates are found in the brains of people with AD"”. Amyloid
plaques and tau neurofibrillary tangles are clearly associated with disease'’,
but other misfolded proteins such as alpha-synuclein (aSYN) and TDP43
have also been found to be elevated in the brain of AD patients' . Although
their exact role in AD is still not fully understood, current research supports
that patients with multiple misfolded proteins beyond amyloid and tau may

have faster disease progression'*"”. Therefore, therapeutic strategies that
target multiple neurotoxic proteins may potentially be more beneficial than
those targeting a single neurotoxic protein.

The unique mechanism of action of buntanetap (also known as
Posiphen) strongly positions it as a promising therapy for AD. Buntanetap is
an orally bioavailable small molecule that inhibits the translation of
several neurotoxic aggregating proteins, such as APP, Tau, aSYN, hun-
tingtin, TDP43, and prion proteins'*”. In the Discover study run
by the Alzheimer’s Disease Cooperative Study (ADCS), buntanetap
demonstrated a dose-dependent statistically significant reduction in APP
and AP40 synthesis as shown by Stable Isotope Labeling Kinetic (SILK)
analysis that used "Ce-leucine to label all newly synthesized proteins™. This
observation supports the mechanism of action that buntanetap is an inhi-
bitor of APP synthesis in humans. Further, in multiple animal and human
studies, buntanetap treatment effectively reduced APP and its downstream
products, total Tau (t-Tau), phosphorylated Tau (pTau), and aSYN, as
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measured in mouse or rat brains and in patients’ CSF, further supporting its
mechanism of action'*******!,

Buntanetap has been tested in thirteen clinical trials with over 1000
dosed participants, including healthy volunteers and patients with AD and
Parkinson’s disease (PD) and is generally safe and well-tolerated across
studies. There have been no serious adverse events (SAEs) associated with
buntanetap treatment in any of the clinical trials to date.

Buntanetap’s efficacy in treating both AD and PD patients has been
confirmed in three studies. In a Phase 1b study in early AD patientsand a
Phase 2a study, which included participants with early AD and early PD,
participants were treated with buntanetap or placebo once a day (QD)
for 25 days™. While both studies were not powered for efficacy, bunta-
netap (60 and 80 mg) demonstrated improvements in cognition (Alz-
heimer’s Disease Assessment Scale-Cognitive Subscale (ADAS-Cogl1))
and speed (Wechsler Adult Intelligence Scale Coding (WAIS coding)) in
AD patients (80 mg vs placebo ADAS-Cogll —4.4 +2.04 vs —1.1 +2.63;
60 + 80 mg vs placebo ADAS-Cogl1-3.93 +1.58 vs —1.41 £2.04; in
both groups, buntanetap treatment statistically improved ADAS-Cogl1
compared with baseline). In the same Phase 2a study, PD patients were
given from 5 to 80 mg of buntanetap QD. Amongst them, participants
treated with 10 and 20 mg showed the strongest statistically significant
improvements in mobility (Movement Disorder Society-Unified Par-
kinson’s Disease Rating Scale (MDS-UPDRS)) and speed (WAIS cod-
ing), outperforming the 80mg treatment group. In the recently
completed Phase 2/3 study, 20 mg buntanetap improved PD patients’
cognition (data in preparation). The comparable pharmacokinetics (PK)
of buntanetap in AD and PD patients suggested the need to further
explore its dose range for the treatment of AD.

The current study builds upon our earlier studies and was designed to
examine the safety and efficacy of three different doses of buntanetap (7.5,
15, and 30 mg) compared to placebo in participants with mild and moderate
AD in 3 months (NCT05686044).

Results

Participant disposition and demographics

A total of 701 participants with mild to moderate AD were screened for
study participation in 54 sites across the United States. Overall, 351 parti-
cipants were enrolled in the study across the buntanetap and placebo
cohorts. The study randomized 88, 87, and 87 participants across the three
buntanetap dosage groups of 7.5 mg, 15 mg, and 30 mg, respectively, and 89
participants to placebo, where 95.5%, 92.0%, and 90.8% of participants from
the respective buntanetap groups and 92.1% from the placebo group
completed the 12-week study (Fig. 1). The primary reason for dis-
continuation across all cohorts was similar—withdraw by participant (n =6
(2.3%) in all buntanetap treatment groups combined; n =2 (2.2%) in pla-
cebo group). Study discontinuation due to adverse events (AEs) was 1.9% of
buntanetap recipients (n =5 (1.9%) total; n = 1 for 15 mg, n =4 for 30 mg).
All reasons for discontinuation and the participant flow from screening
through study completion for each treatment group are illustrated in Fig. 1.

Population demographics were balanced across treatment groups and
there were no significant differences in age, race, or BMI. Mean age was 73.6
years for all participants and ranged from 73.1 to 74.7 across treatment
groups. Between 50.6 and 65.5% of participants were female. Racial and
ethnic minority groups comprised more than 41% of study participants (for
demographic data see Supplementary Table 1).

More than 99% of all participants received concomitant medications
over the course of the study. The most reported concomitant medication
classification was psychoanaleptics reported by 84.4% of participants across
all treatment groups. Among those, the most reported medications were
anticholinesterase inhibitors (51.7% of participants).

Buntanetap had a favorable safety profile in participants with
mild and moderate AD

Safety was a primary study objective, and it was measured via AEs, con-
comitant medication monitoring, 12-lead ECGs, clinical laboratory testing,

vital signs assessments, physical and neurological examinations, and the
Columbia-Suicide Severity Rating Scale (C-SSRS). The safety population
totaled 346 participants who received at least one dose of study drug.

Buntanetap had a favorable safety profile and was well-tolerated across
all dosage groups. Treatment-emergent AEs (TEAEs) were experienced by
33.3% (86/262) of buntanetap recipients across all three doses combined and
26.1% (23/88) of those receiving placebo. TEAESs related to study drug were
8.9% (23/258) of buntanetap recipients across all three doses combined and
3.4% (3/88) for placebo. While the percentage of TEAEs related to study
drug were numerically higher for the buntanetap doses, they were not
statistically different than placebo, nor was there a dose-dependent rela-
tionship between the number of related TEAEs (10.5%, 9.4%, and 6.9% in
7.5 mg, 15 mg, and 30 mg, respectively). Three 30 mg buntanetap recipients
(3/87, 3.4%) and three placebo recipients (3/88, 3.4%) experienced serious
TEAE, but there were no serious TEAEs related to study drug in any
treatment group. In assessing severity, all TEAEs across all study groups
were mild and moderate (mild range: 19.5% to 24.4%; moderate range: 5.7%
to 13.8%), and there were no severe TEAEs. The most frequent TEAEs
(>5%) occurred in the system organ class of Infections and Infestations (e.g.,
urinary tract infection, COVID-19, etc.) with 10.1% (26/258) of buntanetap
recipients across all three doses combined and 6.8% (6/88) in placebo, and in
Nervous System Disorders (e.g., dizziness, headache, etc.) with 5.8% (17/258)
of buntanetap recipients and 5.7% (5/88) in placebo (for AE summary data
and TEAEs by system organ class see Supplementary Tables 2 and 3). For
drug related TEAE reported in > 2 participants in any individual group were
dizziness (5/346, 1.4% in all buntanetap treatment group combined vs 1/88,
1.1% in placebo group), headache (3/346, 0.9% in all buntanetap treatment
group combined vs 0/88, 0% in placebo group), and nausea (2/346, 0.6% in
all buntanetap treatment group combined vs 0/88, 0% in placebo group).

One of the most significant genetic risk factors for developing AD is
APOE4""". Safety data was further stratified by APOEA4 carrier status. There
was no increased severity of AEs among APOE4 carriers. All TEAEs were
categorized as either mild or moderate in nature, same was the case for non-
carriers. Among APOEA4 carriers, 42.1% of buntanetap recipients across all
three doses combined had TEAEs compared to 34.2% placebo; participants
with serious TEAEs were 0.8% on buntanetap across all three doses com-
bined and 7.9% on placebo. No serious TEAEs were related to the study drug
in APOEA4 carriers or non-carriers (for AE summary data by APOE4 carrier
status see Supplementary Tables 4 and 5).

Primary analysis results

The primary study hypothesis was that buntanetap treatment (pooling the 3
treatment arms together, the intent-to-treat (ITT) population) is superior to
placebo in reducing the cognitive impairment and functional impairment in
participants with mild to moderate AD, as assessed by the 2 co-primary
endpoints (ADAS-Cogl1 change from baseline to 12 weeks and Alzhei-
mer’s Disease Study- Clinical Global Impression of Change (ADCS-CGIC)
score at Week 12). For study power considerations, all three active treatment
groups were combined and compared to the control for the primary and key
secondary analyses.

In the ITT population, both buntanetap and placebo groups improved
to the same level in ADAS-Cogl 1. Similar improvement was also observed
in both groups in ADCS-CGIC and ADCS-ADL (Table 1). Because primary
endpoints were not met, the remaining analysis were all considered
exploratory.

Buntanetap improved cognition in biomarker positive (pTau217)
mild AD participants (Post-hoc Analysis Results)

In this study, participants were enrolled based on the NIA-AA 2011 AD
diagnosis criteria’”, and neither CSF/plasma biomarker nor PET imaging
was used for patient inclusion/exclusion criteria to confirm the AD diag-
nosis. Recent studies have shown that both CSF and plasma pTau217 are
reliable indicators of tau and amyloid pathology**"'. During the conduct of
this trial, diagnostic plasma biomarker testing for pTau217 became com-
mercially available. Therefore, implementation of this biomarker to confirm
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Screened (N=701) I

Enrolled ¥ ¥ ¥ ¥
7.5 mg Buntanetap 15 mg Buntanetap 30 mg Buntanetap Buntanetap Treatment Placebo
(N=88) (N=87) (N=87) Pooled (N=262) (N=89)
Discontinued Study l l l l l
7.5 mg Buntanetap 15 mg Buntanetap 30 mg Buntanetap Buntanetap Treatment Placebo
(N=4) (N=7) (N=8) Pooled (N=19) (N=7)
Completed Study l l l l J{
7.5 mg Buntanetap 15 mg Buntanetap 30 mg Buntanetap Buntanetap Treatment Placebo
84 (95.5%) 80 (92.0%) 79 (90.8%) Pooled 243 (92.7%) 82 (92.1%)
Primary R for Di tinuati
Adverse Event 0 1(1.1%) 4 (4.6%) 5 (1.9%) 0
Withdrawal by " > " = >
Subject 1(1.1%) 2(2.3%) 3(3.4%) 6 (2.3%) 2(2.2%)
Lost to Follow-up 0 0 1(1.1%) 1(0.4%) 0
Death 0 0 0 0 0
Physician Decision 0 1(1.1%) 0 1(0.4%) 0
Other* 3 (3.4%) 3(3.4%) 0 6 (2.3%) 5 (5.6%)
* Other Reasons for Discontinuation
Did not meet Inclusion Criterion &3 0 0 0 0 1(1.1%)
Met Exclusion Criterion #17 0 1(1.1%) 0 1 (0.4%) 0
Early Termination 0 1(1.1%) 0 1(0.4%) 0
Met Exclusion Criterion 57 0 1(1.1%) 0 1(0.4%) 0
CKD EPI < 60mL/min/BSA 0 0 0 0 1(1.1%)
1P administered although subject did not
£ 1(1.1%) 0 0 1(0.4%) 0
MMSE criterion
Sponsor decision 1(1.1%) 0 0 1 (0.4%) 1(1.1%)
1P assigned or dosed prior to MMSE
1(1.1%) 0 0 1(0.4%) 0
assessment
Insufficient venous access 0 0 0 0 1(1.1%)

Fig. 1 | Participant disposition: flowchart and discontinuations. “Inclusion cri-
terion # 3 required Mini Mental State Examination [MMSE] score 14-24 at Baseline;
Exclusion criterion #17 excluded participants taking strong and moderate CYP3A4
inhibitors and/or inducer; participant was receiving Atorvastatin; Exclusion

criterion #7 excluded participants with clinically significant renal (Chronic Kidney
Disease-Epidemiology Collaboration [CKD-EPI] <60 mL/min/BSA [body surface
area]) or hepatic impairment (alkaline phosphatase [ALP] > 2.0x upper limit of
normal [ULN] and/or total bilirubin >2.0x ULN).

Table 1 | Primary and secondary outcome measure results (ITT

Population)

ITT, N=351 LS mean change from baseline to week 12° (95% ClI) LS mean difference (95% CI) p-value
Placebo (N =89) Pooled Buntanetap (N = 262)

ADAS-Cog11 —2.32 (—3.373, —1.266) —2.19 (—2.794, —1.583) 0.13 (—1.088, 1.350) 0.833

ADCS-CGIC* 3.58 (3.326, 3.835) 3.80 (3.653, 3.950) 0.22 (—0.074, 0.516) 0.141

ADCS-ADL 2.03 (0.430, 3.642) 0.55 (—0.380, 1.484) —1.48 (—3.326, 0.375) 0.118

“ADCS-CGIC score is at Week 12, not a change from baseline.

AD pathology, as indicated by a pTau217/t-Tau ratio, was conducted prior
to database lock and revealed that approximately 38% of participants did not
have amyloid burden, thus not fulfilling the biological definition of AD.
Only 62.1% (1 = 216) of participants were identified to have AD pathology.
These biomarker positive patients were evenly distributed in all dose groups
with comparable baseline ADAS-Cogl1 (Supplementary Table 6).
Subgroup analyses based on biomarker positive participants
(pTau217/t-Tau 24.2%) were further stratified by MMSE score; mild AD
was represented by MMSE scores of 21-24 (n = 95) and moderate AD was
represented by MMSE scores of 14-20 (n = 115) with 6 participants whose
baseline MMSE score fell out of 14-24 range and hence were not included.
In moderate AD participants, ADAS-Cogll did not show a treatment-
related change from baseline (Fig. 2a). However, in mild AD participants, a
dose-dependent response was observed, and buntanetap demonstrated
nominally statistically significant improvement compared to baseline (Fig.
2b). The improvement was already observed after 6 weeks™ treatment
although not statistically significant at that time. By 12 weeks, the placebo
effect appeared to diminish in the placebo group, while the treatment group
continued to show improvement. (Supplementary Fig. 1). Subgroup

analysis of ADCS-CGIC did not demonstrate treatment-related improve-
ment compared to placebo (Fig. 2¢, d).

Buntanetap had similar treatment effects across different
demographics in mild AD, including in both APOE4 carriers and
non-carriers (Post-hoc analysis results)

Further subgroup analyses comparing 30 mg buntanetap to placebo are
presented in the forest plot (Fig. 3). These analyses evaluate buntanetap’s
effects across various participant subgroups, including age, BMI, ethnicity,
gender, race, and concomitant medications. Encouragingly, buntanetap
demonstrated a consistent favorable effect over placebo across all groups.

Buntanetap demonstrated a trend of reducing neurotoxic pro-
teins and inflammation and increasing axonal integrity (Post-hoc
analysis results)

Several plasma biomarkers (Tau, TDP43, IL5, IL6, SI00A12, IFN-vy, IGF1R,
GFAP, and NFL) were examined in biomarker-positive mild AD patients
(MMSE 21-24) and in all biomarker-positive AD patients (MMSE 14-24) to
assess buntanetap’s target and pathway engagement (Fig. 4).
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Fig. 2 | Post-hoc analyses of biomarker positive (pTau217/t-Tau 24.2%) Sub-
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BMI
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>=30 251 = -5.098 -861.3
Ethnicity

Hispanic Or Latino 10,6 = -1.713 -64.9

Not Hispanic Or Latino 17, 16 —_— -2.557 -278.9
Gender

Female 18,15 —_— -1.62 -110.2

Male 9,7 = -3.417 -254.9
Medication

with Psychoanaleptics 20, 20 _— -2.744 -210.6

with Antidepressants 8,6 = -3.57 -302.7

No Psychoanaleptics 7.2 = -0.935 -95.8
Race

Black Or African American 4,0

White 20, 22 _— -2.085 -149.1

< Buntanetap Better

Placebo Better >
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Fig. 3 | Forest plot of change from baseline to week 12 for ADAS-Cogl1 in Biomarker Positive, Mild AD patients (MMSE 21-24).

To test buntanetap’s effects on neurotoxic aggregating proteins, we
tested plasma t-Tau and TDP43 (Fig. 4a, b). In mild AD patients, plasma
t-Tau levels increased in placebo after 12 weeks compared to baseline, while
the 30 mg buntanetap group remained relatively unchanged, indicating a
potential reduction of Tau.

Although TDP43 is mostly involved in amyotrophic lateral sclerosis,
frontotemporal lobar degeneration, and limbic-predominant age-related
TDP-43 encephalopathy, TDP43 inclusions have been found in up to 57%
of AD cases'. Currently, there is no established method to detect brain-

derived TDP43. We used Quanterix assay to detect plasma TDP43, which
recognizes both full-length and pathologically truncated forms of the pro-
tein. Interestingly, plasma TDP43 levels had a slight increase in the placebo
group while it was profoundly reduced in the 30 mg buntanetap group.
Since there is no AD specific inflammatory marker, plasma IL5, IL6,
S100A12, IFG-y, IGFIR, and GFAP were tested (Fig. 4c-h).
Pro-inflammatory pathways, including the interleukin 6 (IL6) path-
way, are well documented to play a role in AD*. Genetic predisposition to
higher circulating levels of IL6 was reported to be associated with an
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Fig. 4 | Plasma biomarkers in both biomarker positive mild AD (MMSE 21-24) and all biomarker positive (MMSE 14-24) AD patients (30 mg buntanetap vs Placebo).
a-i Biomarker-positive mild AD patients (MMSE 21-24); j-r all biomarker-positive AD patients (MMSE 14-24). The error bar represents standard error.

increased risk for AD*. In animal models, reducing IL6 led to alleviated
amyloid burden, attenuated inflammation, and improved cognition*.
Although less studied, research has also shown IL5 involvement in neuro-
degenerative diseases”. In mild AD patients, interestingly placebo group
showed a slight decrease in IL6, while the 30 mg group demonstrated
approximately three times greater reduction. For IL5, both groups exhibited
elevated levels, but the increase in the placebo group was almost twice that
observed in the 30 mg group.

S100A12, also known as calgranulin C, is a protein that belongs to the
$100 family of calcium-binding proteins®. It plays a role in several cellular
processes, including inflammation, and is reported as a potential inflam-
matory biomarker for AD. A sizable increase was detected in placebo group
after 3 months, suggesting elevated inflammation. In contrast, there was
almost no change in the 30 mg buntanetap group compared to baseline.

Interferon gamma (IFN- y) is a soluble cytokine that plays an
important role in inducing and modulating an array of immune responses.
In the AD mouse model, IFN- y was shown to enhance amyloid deposition
and suppress microglial degradation of amyloid”. In this study, IFN- y levels
increased in the placebo group while reduced in the 30 mg treatment group.

Insulin-like growth factor 1 receptor (IGFIR) is a receptor tyr-
osine kinase. In AD animal models, inhibiting this pathway was shown
to attenuate insoluble amyloid*’. Reduction in IGFIR protein also
improved cognitive performance in AD mice. Similar to IFN- v, its
level increased in the placebo group and reduced in the 30 mg
treatment group.

Plasma levels of GFAP have been suggested to show a robust asso-
ciation with AD pathophysiology, especially in the early stage**”. In this
study, plasma GFAP levels increased in both the treatment and placebo
groups, and no treatment effect was detected.

Lastly, neurofilament light (NFL) was tested as a marker of neu-
ronal damage. It has been reported in multiple studies to be elevated in
various neurodegenerative diseases, including AD’"”. As expected,
plasma NFL levels increased in the placebo group over time. Notably, in
the 30 mg buntanetap group, plasma NFL levels showed a decrease at
12 weeks compared to baseline, indicating a potential reduction of
neuronal injury (Fig. 4i).

Similar trends across all the aforementioned biomarkers were observed
in biomarker-positive AD patients (MMSE 14-24) (Fig. 4j-r).
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Overall, biomarker results showed that buntanetap treatment
(30 mg) decreased plasma t-Tau, TDP43, IL5, IL6, S100A12, IFN- vy,
IGF1R, and NFL.

Discussion

Results of this dose ranging study showed that buntanetap had a favorable
safety profile in participants with mild and moderate AD. In the ITT
population, buntanetap did not meet the primary nor co-primary endpoints
in AD patients over placebo. However, post-hoc analyses showed nominally
statistically significant, dose-dependent improvement in cognition as
measured by ADAS-Cogl1l compared to baseline in biomarker-positive
mild AD patients.

Identifying the proper patient population is imperative for clinical
trials, and that was evidenced in this study, where ~40% of participants,
despite meeting inclusion/exclusion criteria, did not fulfill the biological
definition of AD. This data is consistent with reports that showed that
30-40% clinically diagnosed AD patients do not have amyloid pathology™.
Moreover, each group has rather balanced numbers of biomarker-positive
patients, which further supports the discrepancy was mostly due to the
misdiagnosis. This further emphasizes the importance of biomarkers in
patient identification and stratification.

Recent discovery of plasma biomarker (pTau217) as a diagnostic tool
for AD* allowed for post-hoc stratification of the population to focus solely
on patients with confirmed disease. While acknowledging its limitations, we
conducted post-hoc analysis in this mild AD group. Encouragingly, bun-
tanetap showed a treatment effect across all subgroups (age, BMI, gender,
ethnicity, APOE4 carrier status, concomitant medication) regardless of
baseline characteristics in mild AD patients. This is consistent with the
results from our previous studies. In our Phase 1b Discover study and Phase
2a AD/PD study, despite both studies not powered for efficacy, buntanetap
treatment showed improvement in early AD patients’ ADAS-Cog™®. We are
validating these findings in our ongoing 760-patient 18-month pivotal study
in early AD.

A treatment effect in ADCS-CGIC was not detected in mild AD
patients, which most likely was due to the limited number of patients.
Because of the subjective nature of the scale, a larger number of patients
would be needed to detect any meaningful difference. In our original power
analysis, we specified that we would pool all three arms of buntanetap
treatment group (N = 240) in order to detect a 0.22-point difference with a
standard deviation of 0.5. Proper power was ensured in the ongoing early
AD study.

Consistent with what we have observed before, buntanetap has a
favorable safety profile and is well-tolerated in mild to moderate AD
patients. One of the leading genetic risk factors for developing AD is
APOE4**. APOEA carriers are prone to AD with over 90% probability in
homozygous population®. Further, APOE4 homozygotes are at much
higher risk for developing amyloid-related imaging abnormalities (ARIA),
such as swelling (ARIA-E) and microhemorrhages (ARIA-H), from cur-
rently available monoclonal antibodies>. In our study, buntanetap
treatment showed a remarkably similar safety profile and efficacy in all AD
patients despite their APOE4 status, positioning it as a promising treatment
for this highly vulnerable population.

Due to buntanetap’s unique mechanism of actions, standard of care
symptomatic AD drugs were allowed in this study, and more than 84% of
all participants took psychoanaleptics (Ache inhibitors or other anti-
dementia drugs). Buntanetap’s excellent safety profile supports its use
both as a standalone treatment and in combination with other sympto-
matic therapies. This is especially important so patients can continue their
existing medications while adding buntanetap, without the need to dis-
continue either. In our future studies, it will be of interest to test bunta-
netap treatment effects together with the recently approved amyloid
monoclonal antibodies.

Several plasma biomarkers were tested to demonstrate target and
pathway engagement. First, we tested the levels of neurotoxic aggregating
proteins. Current standard for AD diagnosis and staging use of amyloid and

Tau as the core AD biomarkers defining AD, while the TDP-43 and
synuclein reflect common concurrent pathologies or co-morbidities.

Due to the limitations of plasma biomarkers, we were not able to
measure plasma APP, although our previous Phase 2a study showed that
buntanetap reduced APP levels in CSF**. Because of the short duration of the
study, plasma APB42/40 ratio did not change in either treatment or placebo
group. Plasma AP42/40 ratio has been used as a surrogate biomarker of
cortical amyloid deposition but not as a prognostic biomarker. However, we
observed a reduction of t-Tau in plasma after treatment with buntanetap.
Higher plasma t-Tau was reported to be associated with AD dementia, and
higher CSF Tau, but the correlations were weak™”. A recent study highlighted
a novel biomarker, brain-derived Tau (BD Tau), that can be useful in
evaluating the AD-dependent neurodegenerative processes™, and we plan to
evaluate BD Tau in the future study. TDP43 is another marker that has been
implicated in AD pathology and is linked with more severe cognitive
impairment and is particularly prevalent in APOFA4 carriers'. Although the
relationship between plasma TDP43 and brain TDP43 aggregates is not yet
clear, our data indicate that buntanetap reduces plasma TDP43. Further
studies will be needed to fully understand the correlation of plasma TDP43
with AD progression.

Furthermore, we evaluated six inflammatory biomarkers associated
with Alzheimer’s disease (IL-5, IL-6, SI00A12, IFN-y, IGF1R, and GFAP).
Encouragingly, the 30 mg treatment group exhibited a consistent reduction
across all markers except GFAP, indicating a potential anti-inflammatory
effect. These data suggest a reduction inflammation, a hallmark of AD.

Lastly, we tested NFL, a well-established biomarker for neuronal
health®"*. Buntanetap treatment showed a trend of decrease in NFL, sug-
gesting a reduction of neuronal damage.

These results are consistent with what we have observed before. In the
Discover study, we reported a real-time decline in CSF of newly synthesized
APP and AB40™. In our Phase 2a study, we further saw a reduction in CSF of
multiple neurotoxic proteins, a lowering of multiple inflammatory factors,
and preservation of neuronal synaptic functions™. These biomarker data
supported buntanetap’s mechanism of action and pathway engagement as a
translational inhibitor of neurotoxic proteins.

Importantly, we also observed the same trend in the plasma of all
biomarker-positive AD patients, not just mild AD patients, further vali-
dating the drug’s mechanism of action. While buntanetap treatment showed
a reduction in inflammatory factors in moderate AD patients, it did not
show clinical efficacy in this patient population in this study, which could be
due to the short duration of the study. We plan to further investigate this in
future studies.

As previously noted, this study was not powered to detect the
treatment effect of individual doses compared to placebo on the func-
tional outcome measure ADCS-CGIC. Furthermore, the absence of
biomarker confirmation for Alzheimer’s disease pathology resulted in
approximately 40% of enrolled participants likely not having AD. Our
analysis focused on a post hoc subgroup of patients with confirmed or
probable AD; however, these analyses were not prespecified and were not
adjusted for multiplicity, despite the fact that baseline characteristics
within this subgroup were generally well balanced. In our current Phase
3 study, we have addressed these limitations by incorporating biomarker-
based patient selection, conducting appropriate power calculations, and
applying rigorous, prespecified statistical analyses to ensure robust and
interpretable results.

Overall, in the biomarker positive mild AD patients, buntanetap
showed promising results in improving patients’ cognition. Because of its
unique mechanisms of action, it has the potential to improve cognitive
function while also modifying the underlying disease pathology.
Therefore, we are validating the symptomatic findings from this study as
well as testing its potential disease modifying effects in 760 early AD
patients in a large Phase 3 study, which is currently ongoing. It is a dual
randomized, placebo-controlled, multi-center study in biomarker-
confirmed patients with early AD with 6-month and 18-month data
read-outs (NCT06709014).
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Methods

Investigational drug

Buntanetap, (3aR)-1, 3a, 8-trimethyl-1, 2, 3, 3a, 8, 8a-hexahydropyrrolo (2,
3-b) indol-5-yl phenylcarbamate tartrate (investigational new drug #72,654),
was manufactured according to Good Manufacturing Practice (GMP) reg-
ulations (Wilmington PharmaTech, Newark, DE). The investigational drug
product and matching placebo, containing a standard pharmaceutical
excipient, were provided as an immediate release solid oral dosage form.
They were prepared in hard capsule shells and manufactured in accordance
with the GMP regulations by Frontida BioPharm (Philadelphia, PA).

Participants

The following inclusion criteria were applied: (1) diagnosis of AD according
to NIA and NIA-AA criteria for probable AD; (2) individuals between 55
and 85 years old; (3) MMSE 14-24; (4) have a study partner who will provide
written informed consent to participate, is in frequent contact with the
participant (at least 10 h per week) and will accompany the participant to
study visits; (5) female participants of childbearing potential must have a
negative urine pregnancy test, must be non-lactating, and must agree to use
a highly effective method of contraception during the trial and for 4 weeks
after the last dose of trial treatment; non-childbearing potential includes
surgically sterilized or postmenopausal with no menstrual bleeding for at
least one year; (6) male participants must be sterile, sexually inactive, or
agree not to father a child during the study and one month after the last dose
of study medication, and must agree to use a barrier method for contra-
ception; female partners of male participants must adopt a highly effective
method of contraception; (7) participants can provide written informed
consent; (8) no evidence of current suicidal ideation or previous suicide
attempt in the past two months as evaluated by the Columbia Suicide
Severity Rating Scale nor suicidal behavior in the past six months; (9) sta-
bility of permitted medications for at least 4 weeks prior to screening; (10)
adequate visual and hearing ability (physical ability to perform all study
assessments); (11) good general health with no disease expected to interfere
with the study. Please see Supplementary Method 1 for exclusion criteria.
Written informed consent was obtained from all participants and their
study partners, and the study protocol was approved by the central Insti-
tutional Review Boards Advarra (original approval on January 23, 2023).

Randomization

Participants who signed an informed consent and met screening eligibility
requirements were randomly assigned to the active (3 buntanetap dose
levels: 7.5 mg, 15 mg, and 30 mg) and placebo treatment groups in a 1:1:1:1
ratio using the Rave RTSM system via permuted block randomization. This
was a quadruple (participants, care providers, investigators, and outcomes
assessors) blinded study.

Trial design
A sample of 320 patients with mild and moderate AD was targeted for
12 weeks of treatment. All patients consented to voluntarily participate in the
clinical trial. The sample size was determined to assess the efficacy and safety
of buntanetap when pooling all three active treatment arms together. Ade-
quately characterizing PK and supporting potential dose proportionality
analyses, along with plasma biomarkers focused on buntanetap’s mechan-
ism of action and pathway engagement, were also explored in this study.
Participants were treated at home with 7.5 mg, 15 mg, or 30 mg bun-
tanetap QD or placebo for 12 weeks. The co-primary (ADAS-Cog 11 &
ADCS-CGIC) and the key secondary (ADCS-ADL) efficacy endpoints were
assessed at baseline before treatment, at 6 weeks, and after 12 weeks treat-
ment. Blood samples for PK and biomarkers were collected at the baseline
and end-of-trial visits before treatment and for 4 h after treatment.

Biomarker assays

The pTau217 and t-Tau peptide concentrations were measured in plasma
samples using the immunoprecipitation-mass spectrometry (IP/MS)
workflow by C2N. Two separate measurements were performed on each

sample, one that measured a pTau217-specific peptide and one for a t-Tau-
specific peptide. Both peptides were measured from the same sample and
analyzed in a 96-well plate format on Waters Acquity M-Class liquid
chromatography (LC) units interfaced to Thermo Fusion Lumos Tribrid
mass spectrometers (MS/MS)*. The pTau217 protein was enriched through
immunoprecipitation with a tau-specific antibody. LC-MS/MS was used to
separate, identify, and quantify the concentrations of tau peptides (tau
amino acids 212-221) phosphorylated at Thr-217 (pTau2l7) or not
phosphorylated at Thr-217 in human plasma. Plasma aliquots were com-
bined where necessary, and the final sample volumes were prepared using a
Hamilton STAR® liquid handler and a Kingfisher Flex device.

Plasma biomarkers Neurofilament -Light (NFL) and Glial Fibrillary
Acidic Protein (GFAP), and TDP-43 were tested at Quanterix, (Billerica,
MA, USA). NFL and GFAP were tested using their Simoa® Neurology
2-Plex B kit (N2PB). Commercially available Simoa® Neurology 2-Plex B
kits were used according to manufacturer’s instructions. The assays were
performed on the Simoa HD-X analyzer using Single Molecule Array
(Simoa) technology®. Plasma samples were diluted at 4x and ran in
duplicate. The mean of replicates for each sample was calculated, and results
were included in the analysis if the coefficient of variation across replicates
was <25%. All measurements were conducted on the automated HD-X
analyzers (Quanterix, Billerica, MA, USA). For plasma TDP-43 levels,
samples (n=501) from human patients were diluted 4x and assayed in
duplicate. The mean of the replicates for each sample was calculated, and
results were included in the analysis if the coefficient of variation (%CV)
across replicates was <25%.

Plasma IL5 and IL6 were tested by DiamiR Biosciences. The assays
were performed using the Ella automated immunoassay platform
(Bio-Techne), which operated without manual intervention once the run
was initiated. The system interfaced pneumatically with microfluidic
Simple Plex™ cartridges, which were pre-loaded with validated reagents,
including matched antibody pairs, thereby streamlining assay setup and
eliminating the need for standard curve preparation. For each assay, 50 pL
of diluted sample and wash buffer were added to the designated wells of the
cartridge, following the manufacturer’s instructions. The cartridge was
then inserted into the Ella instrument for fully automated processing,
including reagent handling, washing, and incubation under tightly con-
trolled conditions. Each cartridge contained multiple fluidic channels
housing three glass nanoreactors (GNRs) per analyte, each pre-coated
with capture antibodies, enabling triplicate measurements for IL5 and IL6.
During analysis, the sample flowed through the microfluidic channels,
where target analytes were captured and detected using a pre-loaded
detection reagent. Unbound components were washed away, and signal
generation occurred within the GNRs. Quantification was achieved using
pre-calibrated standard curves embedded on each cartridge, providing
fully analyzed results in under 90 min.

Plasma IFN- y, IGF-1R, S100A12 were tested by Dr. Laurie Sander’s lab
in Duke University. Levels of cytokines and/or receptors were measured in
plasma samples by a sandwich enzyme-linked immunosorbent assay
(ELISA). To quantify IFN-y levels, the Human High Sensitivity ELISA kit
was used (Abcam, ab46048). The Human ELISA Kit was used for IGF-1 R
(RayBiotech, ELH-IGFIR), and the Human ELISA kit was used for
S100A12 (Abcam, ab282299). A standard curve was performed and plotted
for each analyte and plate. All determinations were performed according to
the manufacturer’s instructions. Assay sensitivity was 69 pg/mL, 6 pg/mL,
1.89 pg/mL for IFN-y, IGF-1 R and S100A12, respectively.

Pharmacokinetics (PK)

To determine the concentration of buntanetap in human plasma, a high-
performance liquid chromatographic mass spectrometric detection method
was validated at Charles River. The method was later transferred to Sannova
Analytical LLC, where partial validation and sample analysis were per-
formed. Deuterated buntanetap was used as the internal standard to ensure
accurate concentration assessments. The bioanalytical method was per-
formed in accordance with current FDA, Industry Guidelines, and OECD
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Principles. The determination of buntanetap in human plasma was per-
formed using an assay range of 9.989-24972.908 pg/mL. The sample ana-
lysis was conducted in accordance with current GCP and GLP principles,
and the results were presented for PK profiling.

Sample size

Sample size was determined to provide adequate statistical power for the
primary efficacy endpoint, ADAS Cogl1. Assuming a two-sidedaof0.05, a
mean difference of2.7points between pooled buntanetap and placebo
groups, and a commonSDof6.0, a total of 280participants (210active,70-
placebo) were required to achieve 90% power. For the co-primary endpoint
ADCS CGIG, this sample size provided 89% power to detect a 0.23-point
difference. Allowing for an anticipated 12.5% dropout, approximately 320
participants (80 per arm) were planned for enrollment using a 1:1:1:1
randomization design.

Statistical analysis

Statistical analyses were performed using SAS version 9.4. The co-primary
endpoints are the change from baseline in ADAS-Cogl1 scores and ADCS-
CGIC scores at 12 weeks. ADAS-Cogl1 was analyzed via mixed models for
repeated measures (MMRM). The ADAS-Cogl1 model included treatment,
timepoint, and treatment-by-timepoint interaction as the fixed effects,
baseline ADAS-Cogl1 as the covariate, and participant as a random effect.
The ADCS-CGIC model included treatment, timepoint, treatment-by-
timepoint interaction as the fixed effects, and participant as a random effect.
An unstructured covariance matrix was used, and the Kenward-Roger
approximation was used to adjust the denominator degrees of freedom.
Missing data were assumed to be missing at random for the primary analyses.
To assess the robustness of this MAR assumption, a conservative control-
based multiple imputation method based on missing not at random (MNAR)
assumption was applied to impute missing data arising from intercurrent
events for the two co-primary endpoints analyses. Similar models were used
for subgroup analyses. The change from baseline and the differences in the
change from baseline between treatments were based on the Least Square
Means from this model. The two-sided 95% confidence intervals of the
treatment differences were reported PK endpoints were based on the
assessments of buntanetap levels in plasma. Samples were collected at pre-
dosing (0 h) and at 1, 2, and 4 h for baseline and end-of-trial visits.

Data availability

Study results and study protocol have been published on CT.gov
(NCT05686044), including overall study design, baseline characteristics,
outcome measures, and adverse events. Raw data cannot be shared until the
company receives a New Drug Application for buntanetap in treating
Alzheimer’s disease.
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