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Inherited/genetic cause of:

Fragile X Syndrome (FXS)

1:4000 males and females
worldwide
Most common known

 Intellectual disability

e autism spectrum disorder
« Simple DNA test to diaghose
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Cognition
The core deficit: neuronal
connectivity/plasticity
deficits

Results in:
Developmental/learning
delays

Impaired independent
functioning

Inability to support self
Impaired quality of life

FMR1

Behavior
Comes from neuronal

and cognitive deficits

Characterized by:

High person to person
variability in amount,
severity and type

Limits community access,
vocational, housing and
social options

Injury to caregivers

Impaired quality of life /
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Intellectual compromise

FMR1 Deletion

= Present with developmental
delays, especially speech

= Females may present later —
less affected

Supportive Treatment Helps But Not Adequate
Therapy Educational Programs
Behavioral Plans Manage Medical Issues
Psychopharmacology




Change and New Methods Needed for FXS and NDD Trials
to be Successful at Bringing New Treatments to Patients

* Many drugs targeted to FXS neuronal mechanisms
tested in standard design trials (17 drugs in 28 trials but
none progress to FDA approval)

* Many lessons learned about problems with outcome

measures and trial design, especially when drug works
but trial fails

* Big effort to change the approach is initiated — fill the
GAPS

* Need better FXS-matched outcome measures including
cognitive measures

rare disease holy grail
* Need good natural history
* Need new trial designs and development paths
nimal

* Need biomarkers that translate directly from a
models




EEG and Auditory Event-Related Potentials (ERP) as
a Biomarker in FXS

* Indexes brain function directly

* Multiple abnormalities described in FXS: “gamma power, alpha
power, habituation, chirp, mismatch negativity”

* Can be used as biomarker to translate directly from animal
models as mouse and humans show the same abnormalities

* Could be used to determine target engagement to select agents
to develop further, or to select participants who are responders

* Allow trials to more likely show a benefit from targeted
treatment with actual drug approvals



EEG/ERP Measures

* Resting state EEG
— Background activity of different speeds — alpha, beta, delta, gamma
— Alpha linked to cognition in many conditions

* Auditory ERP
— Measure sensory hypersensitivity/processing deficits to sound
— Linked to language development, sensory and cortical processing
— Oddball task with standard and oddball sound responses



Study of EEG/Auditory ERP in FXS

FXS completed Vineland-3, SB5 1Q, ABC-C, Sensory Profile-2, ERP; Controls

completed screening questionnaire and ERP

Auditory Oddball ERP protocol done with Cortech BioSemi EEG system*
Participants watched a silent video of their choice during stimulus presentation

Analyses in MatLab, mixed-effects ANOVA

18I

Oddball task — passive listening H H IH-‘ ﬂ H H I H ﬂ
S S S T S S

Participants
41 FM FXS and 27 controls enrolled, data not adequate from 8 FXS
All controls with no history of prior neurodevelopmental/behavioral problems

Group |FXS (N=33) __|Control (N=27) |p

Age 17.318.9 (4-51) 21.0+10.4 (4-54) NS
Gender 13F 11F NS

*Passive auditory oddball task
presented using Presentation
software - 432 “standard” tones
(1000 Hz; 90% of stimuli) and 48
“oddball” tones (2000 Hz; 10% of
stimuli), 70 dB 70 ms in duration
including a 10ms rise/fall with 1000
ms inter-stimulus interval. Order of
stimuli pseudorandomized - at least 6
standard stimuli presented
sequentially before an oddball
stimulus would occur once at either
the 7th, 8th, 9th, or 10th position in a
10 stimulus train



EEG/Auditory ERP as a Biomarker in FXS

Resting State shows ABNORMAL BACKGROUND SIGNAL
increased gamma and decreased alpha power in FXS for
both standard stimuli and oddball, not gender dependent
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Good test-retest reproducibility after 1 month (ICC 0.65-0.96)
CAN BE USED AS A REPEATED MEASURE IN TRIALS

Ethridge et al. AJIDD 2020

Mismatch negativity between standards and oddball
reduced in FXS: NOVEL SOUND MISPROCESSING
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Strong effects of age on most measures, mostly
the same for FXS and controls

FXS HAS NORMAL MATURATION OF ERP
RESPONSES AND NEED TO ACCOUNT FOR AGE
IN TRIAL FOR BOTH FXS AND TYPICALS

Standard -
Oddball (uV)
N ON

EEG/Auditory ERP Reproducible and
ERP Correlate with Cognition

-10 0 10 20 30
P2 latency Slowing

Clinical correlation in more “pure” group of fully
methylated males for which can see multiple
correlations, most notably P2 latency delay to oddballs
with z-deviation IQ (higher is better for both)

IN GENETICALLY HOMOGENOUS GROUP, ABNORMAL
NOVEL SOUND PROCESSING PREDICTS COGNITIVE
FUNCTION



Similar protocols — data evaluated centrally at two sites

EEG Biomarkers in FXS Very
Reproducible Across Labs

Decreased alpha and increased gamma

e. Group relative power of ROI of significant contrasts
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Use of ERP Biomarker in Targeted Treatment Translation for FXS

Human/mouse/fly/stem cell studies show low
cAMP production in FXS

BPN14770 (Tetra) brain specific PDE4D inhibitor
corrects cCAMP deficit

BPN4770 normalized cAMP and behaviors in
FXS mouse with carryover effect

Phase 2 trial crossover blinded trial three
months placebo, 3 months drug, randomized
order (N=30; 15 each arm)

Carryover in humans, first period analyzed

No safety issues

All 4 NIH Toolbox performance-based cognitive
measures consistently do-able by FXS patient
improved, especially crystallized composite —
measure of language processing

Caregiver-rated most problematic language a ...
daily functioning items average 15/100 point
improvement

Language

Daily Functioning 1

Screen/Enroll

Primary Objectives - Exploratory Objectives

* To evaluate the safety and tolerability of

o Kelley et al. Plos 1 2007 I
o Stem cells s e
oo 2 10 4} _3.5_
Eon 3
- o
=
Prs ‘5 0.5 COn
X . One Way ANOVA with Dunnett’s correction for
Control " multiple testing; *** p<0.001
0.0 T T T T
. | 2006: Bhattacharya— cAMP &0 e e
production decreased in FXS mouse RO
brain, fly head, stem cells vehicle BPN14770

* Male FXS patients aged 18-45 years of age, inclusive (>200 CGG repeats)

12 Weeks Period 1 12 Weeks Period 2

* Tests of cognitive and behavioral change
* NIHToolbox (NIH-TCB), KITAP
* VAS, ABC, ADAMS
*  CGS-,CGlHH

15
—

placebo X placebo
io BPN14770 25mgBID BPN14770 25 mgBID

30 subjects

* Biomarker Assessment

*  Event-Related Potentials (ERP), Eye
Tracking

* Tests of cognitive and behavioral change

BPN1477025 mg « NIHToolbox (NIH-TCR), KITAP

Multiple trends on other measures

10

VAS NIH Toolbox
In favor of BPN14770 In favor of BPN14770 p—value
. o Cognition Crystalized Composite - b * i 0.0018
: p=0'005 1 Picture Vocabulary - b * 00342
p=0509 Oral Reading Recognition - A 00 157
b . | Picture Sequence Memory - k * 0.1638
____p=0.0017 a

0 10 2 3 value (Pattom Comparison Speed) — . 0.1172

Estimated treatment difference . U 5 " 1‘5

Estimated treatment difference

Berry-Kravis et al., Nature Medicine, 2021



ERP Biomarker Shows Target Engagement in BPN14770
Double-Blind Placebo-Controlled Phase 2 Trial

* ERP biomarker improved - Reduced N1
amplitude at N1 (abnormally large in FXS)

* Reduction in exaggerated response to
sound by BPN14770
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Additional Evidence of Target Engagement from EEG/ERP

Peak Alpha (Frontal-Occipital) Alpha Peak (Occipital-Wholehead

* Biomarker response
helps confirm clinical
responses by showing

| brain processing change

T relevant to language

O placebo

= function

- 7 7f.:sr:ntalt;EIeCtBr.‘jdes é 9"5 1.O o é)ccipital SI!’EIectrode{sO ! h ° ° °
* Provides more convincing
phase 2 result

Occipital Electrodes

6 —&8
6

Significant increases in alpha peak from baseline to drug,

Both periods (n=17), Frontal: t(16) = -2.34, p = .032,  Model for future trials to
Occipital: t(16) =-2.10, p =.052, Whole Head: t(16) = -3.65, carry work forward
p =.002

Norris et al. 2024

Collecting more data in phase 3 now



Single Dose Probe Study: Employing EEG in Fragile X Target
Engagement Drug Study: Match Drug to Patient

Baclofen, Lovastatin, Minocycline, Placebo

During each visit, randomized to one of four drug conditions:

2-week wash-out

2-week wash-out

Pre-Dose
Baseline
EEG

Pre-Dose
Baseline
EEG

Pre-Dose
Baseline
EEG

Pre-Dose
Baseline
EEG

4 hours

4 hours

4 hours

4 hours

Craig Erickson Cincinnati FXS Center

Can do for medicines that are rapidly
absorbed and rapidly reach the brain

Post-Dose

Repeat EEG

Post-Dose
Repeat EEG

Post-Dose
Repeat EEG

Post-Dose
Repeat EEG



Arbaclofen (STX209) in FXS

* Baclofen FDA approved for treatment of spasticity

* Drugis GABA B receptor agonist

* Arbaclofen, single active enantiomer reverse
phenotypes in FXS mouse better than racemic mixture

Seaside Therapeutics

Phase 2 placebo-controlled

crossover, 4 weeks, age 6-50, N=63,
VAS of 3 worst behaviors, social

avoidance improved, trends for most

measures

Berry-Kravis et al. Sci Trans Med 2012

Per Protocol STX209 Placebo
Population (N=52) (mean £ SD) | (mean £ SD)

ABC-Irritability

CaGl-l
CGI-S

Treatment

preference (clinician)

Treatment

preference (parent)

Visual analog scales

ABC-FX Factored
Social Avoidance

-4.2 + 6.47
3.3+0.93
-0.6 + 0.86

57%

59%

-2.21+2.24

-1.2+ 2.37

-4.5+ 6.58
3.5%0.94
-0.3+0.87

28%

33%

-1.2+2.36

-0.1+2.53

ns
0.15
0.09

0.05

0.09

0.04

0.008

ABC-FX = Aberrant
Behavior Checklist
factored for fragile
X syndrome

CGI-I = Clinical
Global Impression —
Improvement

CGI-S = Clinician
Global Impression -
Severity



Arbaclofen (STX209) in FXS —Drug Works, Trial Not Successful

Enroll based on social avoidance — families post how to get in trial

Phase 3 Placebo- ABC;, — Social Avoidance ABC,— Irritability ABC,, — Hyperactivity Parenting Stress Index
controlled; 2 months g - - s p=0.08 ;-
i * g0 p=0.03 = P e =0.03
Age 5-11, N=159 (stop i T : T i | P
4 g3 i
early/goal 200), parenting b i - - E | - T
stress and irritability better in e o o o - T e £
highest dose group (N=40) Berry-Kravis et al. JIND 2017 ) Communication U'Z \_\_______ | 70_2 basee\wm
Arbaclofen effect size 0.2-0.5 —— 05 % \ e 1 \
0 7~ 1 1.5
> approved SSRIs S N\ 72 \\
] ~ » | socializations ., | o tivima—\
Seaside out-of-business 2013 when ASD trial “failed” p * [paily Living
Allos 2020 gets arbaclofen back for EXS Open label extension (N=30) Vineland adaptive behavior 1 year

change (blue) vs natural history collected concurrently (red)

M re-analyze phase 3 Table 1: Responders based upon the MCT's (published by Berry-

pediatric study for % responders ABCFX-SA*  ABCFX-I SA+1
who reach meaningful change ~ * Arbaclofen (N=38) >8% 50% 45%

® = 0 0 9 )
thresholds on multiple ABC Elag?ubg (N=42) 8?7?' 02‘(1){::5 01_81
subscales

ravis):
SA+I+SUL
45%
4%
0.00003

Working to get new phase 3 trial started — meanwhile WHO are those responders?



Baclofen EEG Gamma Effects Conserved Across Species

* 30mg baclofen single (high) dose
* Baclofen rapidly absorbed and rapidly reaches brain
* Synced to parallel single dose Fmr1 KO mouse study

Jonak et al. JND 2022

* EEG data across mouse and human analyzed with same analytic pipeline

Human FXS

——pre-Baclofen (18)
——post-Baclofen (18)

.

Fmr1 KO \z
— 1 -1 o
2. a
-g .g 10’2
© 1024 ——pre-Baclofen (10) =
s ——post-Baclofen (10) @
= [
S =
P . ®
> 103 § ﬂi:% =
S &, O
1 , . : 103t )
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Frequency (Hz)

Human EEG. Dotted line: 95% confidence interval.

Frequency (Hz)

Figure 9. Changes in EEG power following acute baclofen administration. Left: Mouse EEG. Right:




Gamma Band Reduction Increased with Lower Blood FMRP Level

gammai1 DAN change

067

.04

-.04— o)

Drug

I O Baclofen
O Pacebo

I S, Baclofen
O .. Placebo

-.50 .00 50
Ig10 Fragile X protein

Lauren Schmidt PhD

Reduced FMRP also associated

with post-dose:

 More words remembered

* Fewer omission during task of
attention

Compared to pre-dose

Are these with low FMRP and bigger EEG response those 45%
responders to arbaclofen?? Can we enrich responders based on this?




Conclusion: Early FXS Studies Show Potential
Value of EEG Biomarkers

* Use to translate across species and demonstrate a similar response in
mice and humans

e Use as a marker of target engagement in early fast fail trials (BPN14770)
with normalization of different patterns of responses for different drugs

* Use to evaluate single dose drug response using EEG in fragile X at an
individual patient level and identify likely responders or even
potentially choose participants for a trial (arbaclofen)

* Use to show for which drugs/target mechanisms - FMRP level (which
impacts 1Q) impacts treatment response and target engagement



Angelman Syndrome (AS)

Neurodevelopmental disorder (NDD) with
severe intellectual disability (ID)

Expressive language most affected (most non-
verbal)

Very delayed motor skills, ataxia, tremor
Seizures

Sleep problems

Happy affect, laughing spells

Behavior problems - separation anxiety,
hyperexcitable, aggression, mouthing, water
fascination, impulsive (grab, hair pull),
attention-seeking, excessive sociability
Dysmorphic features — variable, microcephaly

Due to: deletion on maternal chromosome,

mutation in UBE3A, uniparental disomy (two
chromosome 15 from father)

Imprinting center mutation (mother’s gene
behaves like fathers’s)

In all cases missing functioning
maternal UBE3A gene in neurons




Natural History: Developmental Trajectory in
AS — Bayley Scales of Infant Development
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Quantitative EEG in AS: Potential Biomarker

Power/frequency (dB/Hz)
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Delta power correlates negatively with Bayley scores,
the higher the delta power the worse the cognition



ASOs as a

Genetic maternal
Correction
for AS -
Activate paternal
Dad’s
Gene
maternal
paternal
paternal
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ASO Therapy Blocks Ube3a-ATS and Increases
UBE3A Protein in AS Mouse
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ASO Trials: GeneTx/Ultragenyx, Roche, lonis

 All phase 1/2

e All first-in-human multiple ascending dose (MAD) — Roche and GeneTx
within patient, lonis dose escalation in cohorts, followed by LTE

* All similar objectives:
e Safety
* Pharmacokinetics

* Clinical activity in multiple functional domains of Angelman Syndrome from
disease concept model (AS)

e Communication: ORCA, Vineland-3, Bayley-(3)4
Sleep: Diary, EEG, CGI

Behavior: ABC-C, CGl

Gross motor: Actimyo (GTX), Vineland-3, Bayley-(3)4
Fine motor: Vineland-3, Bayley-(3)4

Seizures: Diary, EEG, CGI

Biomarker: EEG

Standardized videos (lonis)




Roche Trial - Bayley Scales of Infant Development, Third edition

(BSID-III)
Changes beyond what is expected from natural history in MAD and LTE

LTE part
- MAD part P . BSID-III
25 30, AllDose Regimens
o Q — B Cognitive
< 20 - >S
2 5 =17 M Recep. Comm.
‘E‘;g 15 - T O 20! Expr. Comm.
c 10 - c g B Fine Motor
E% | m + 10 W Gross Motor
5T = 90% CI
E® 0 ET
=]
DT -5 oF 0
Z -
25101 8=
O+=" L
e O 10l . -
Day100 Day224 LTE1 LTE2 LTE3 LTE2-3
n=45 n=45 n=50-51 n=46-49 n=32-36 n=46-49

Improvement in 4 BSID domains (Cognitive, Receptive & Expressive Communication, Fine Motor)
over prediction from natural history model in MAD and LTE
Conclusive interpretation is limited due to open-label study!

The following content are being provided for informational purposes only as scientific exchange and not for promotional purposes.
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EEG §-power changes in response to rugonersen

Changes beyond what is expected from natural history in MAD and LTE

Multiple ascending dose (MAD) part

. Bln Day 55 Day 100 Day 224
(n=48)  (n=47) (n=48)
—~ 04  J . .
. o
ol
=3 0) -
o c I
Q.% -1 i
ca
g o
o 2 -2
28 __ :
ks — TANGELO
'S -3 — NH Reference
T90% cl Y MAD Dose

Dose-dependent effect beyond what is expected from
natural history, i.e., “due to getting older”
Dynamic, i.e., vanishes after ~6 month if not re-dosed

Long-term extension (LTE) part

Q16w-120mg
41 TANGELO
- — NH Reference
S—m 2-
02
S o 0-
S <
[}
Tg 21— 1
.0 | g I
1 O -4- T }
[Ze R =
(La %_6_ \/
C -
L @
S gl
_10_

LTE1 LTE2 LTE3 LTE4 LTES LTE-Avg
4 mo 8 mo 12 mo 16me 20mo  (n=23)
(n=22) (n=22) (n=21) (n=16) (n=12)
EEG response maintained in steady state if 120 mg
are dosed every 4 months

(measurements at trough, i.e., right before next dose)
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Bayley-4 Cognition and Receptive Communication
Rapid and Progressive Improvement Compared With Natural History Data (NHS1 and NHS2)

Bayley-4 Cohorts 4-7and A & B Natural History (NH) Comparators
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GEE model adjusted for baseline age was used to estimate NHS1 data collected 2006-2014; NHS2 data collected beginning 2018;
changes from baseline. both include deletion-positive AS patients 4-17 years old.



EEG Showed Positive Change on GTX-102 with Reduction
of Excessive Delta Power and Improved Sleep Spindles
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Conclusions about EEG Biomarkers in AS

* Delta power shows association with cognition (higher delta power =
lower cognition)

* Delta power reduced in ASO trials in association with clinical change,
consistent effect across all trials

e Still learning how much change and how well predicts amount of clinical
change long term

Across NDDs EEG biomarkers are emerging as valuable
markers of therapeutic impact on underlying CNS disease
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