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Integrated Processes & Building a Cohesive Team

Providing an optimal ASOs to nano-rare patients is the product of high-quality processes
and years of expertise and experience
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Topics Covered Today

* Introduction to the clinical team and their expertise and
focus

 Accumulation of knowledge through the breadth of
submitted applications

» Clinical processes supporting the industrialization of
Individualized ASOs development

 Clinical data providing important insight of the impact
of ASO treatment
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But First ... High-level Clinical Summary

. All patients evaluable for benefit (7/7) show clinical
benefits

* Benefits seen in all organs treated

- In CNS, benefits seen at surprisingly low doses, and early in
treatment

- Improvements in multiple domains

- Sustainable benefits seen in kidney function with liver-
targeting ASO

- BEye treatments safe upon multiple injections
* Pristine safety and tolerability profile
« Continued benefit with long-term treatment
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Clinical Expertise Supporting n-of-1
Treatments
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Clinical Team: >50 Years of Experience in ASO Development,
Clinical Trials, and ASO Safety

Laurence Mignon, PhD

Exec. Dir. of Clinical Development

Joe Gleeson, MD

Chief Medical Officer

Cedrik Ngongang, MD

Medical Geneticist

Helen Pu, PhD

Sr. Clinical Data Scientist

Stan Crooke, MD, PhD

CEO
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ATTC Co-Chair
STAR Committee
DSMB Lead

ATTC Co-Chair
STAR Committee
DSMB Member

ATTC Lead
STAR Committee
DSMB Medical monitor

STAR Lead
DSMB Data Scientist
Clinical Data Scientist

R&D Oversight
Clinical Development

g

Neuroscientist, ASO expertise, clinical
development, clinical outcome measures

Neurogeneticist, clinical development,
clinical outcome measures

—
g

_| Medical geneticist, medical monitor,

safety and clinical data analysis
Clinical development, electronic data capture
builds, safety and clinical data analysis

ASO technology founder, drug development
expertise from biotech to large pharma
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Expertise and Judgment of Clinical Team Important from
Case Application to Treatment

ATTC

Appropriateness
of patients based
on genotype

Appropriateness
of patient based
on phenotype

In partnership
with external
experts

IND /
Regulatory
Interactions

STAR

Development of
treatment goals
and defining
clinical measures

\J

Authoring IND
sections

Submission of
IND

Align on baseline
data collection
during ASO
development

FDA interactions

In partnership
with external
experts

In partnership
with Julie and
team

ATTC — Access to Treatment Committee; STAR — Study Treatment and
Assessment Review Committee; DSMB - Data Safety Monitoring Board 7

Clinical Site

Management DEME

IRB submission
Safety data

review

Protocol training

Compliance with
regulatory
authorities

Study start up

Clinical data

monitoring

— External experts
In partnership with

investigators /
site staff

provide oversight
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What Patients Should be Treated with ASOs

Systematic Personalized Process

Genotype Phenotype Administrative

Is the prevalence of treatable patients with
the mutation <307?

Yes J L

Is the patient located where n-Lorem can
treat?

Is the phenotype well characterized?

Yes ‘

Are potentially important treatment goals
apparent?

Is the pathogenic mutation understood?

Yes ‘

Are other pathogenic mutations excluded?

Yes ‘

Is the type of mutation fully understood?

Yes ‘

Is the mutation amenable to ASOs?

Yes ‘

Yes .,

Are the treating physicians and institution
willing and able to treat?

Yes ‘

Are patient cells available?

Yes ‘ Yes ‘

What is the progression rate?

Yes J |

Is the cellular phenotype sufficiently

understood?
Yes ‘

Yes ‘

Are there validated clinical assessments for
treatment goals available?

Yes J L

Is the patient severely affected or likely to be
S0?
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Thorough Review of Genotype/Phenotype by the
Access to Treatment Committee (ATTC)

Nano-rare
Patient
Colloquium

Hosted by: (P

Responsibility to confirm ability to target a specific gene
.Is the mutation causal?
-Is the mutation amenable to an ASO treatment?

Responsibility to confirm patient is appropriate for treatment

-Prevalence of the disease

-Manifestation of the disease

-Rate of progression of the disease in the current patient
-Affected organ to treat

Biogen
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Patient-specific Treatment Goals Guide the Choice of
Clinical Assessments: STAR

STAR —Study Treatment and Assessment Review — meeting: collaboration between
treating physicians and panel of experts to refine individualized treatment goals

". Afite * Select treatment goals that matter to the patient and are
< quantifiable
.' - * Treatment goals define the measures to use as endpoints
portance o * Important to understand the patient’s status
baseline datc » Key to assess changes on treatment
ollectia «Standardization of assessments across patients if possible /
|
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Continuous Review of Safety Data with External
Experts: Data Safety Monitoring Board (DSMB)

Asse afe « Continuous monitoring of safety data throughout the study \
aNa * Quarterly review of safety data from all actively treated n-Lorem
olerab . patients
portfolio * Review of both individual and aggregate safety data

A a
ompliance o * Independent review of our ASOs \
ore * Independent review of our processes /
|
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Learn Maximally from Each Patient:
The Aggregate Experience, Part 2
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Applications For Treatment Continue to Increase

January 2020 to January 2023: January 2023 to June 2024
173 Applications: 4.8 apps/month 123 Applications: 7.2 apps/month
78% unigue genes 63% unigue genes
22% repeat genes 3 7% repeat genes

More applications for repeat genes
Unigue genes — more complicated applications

Nano-rare Total applications processed to date: 296
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Inheritance Status of Mutations in All Applications:
Submitted and Accepted

Applications Submitted

De novo Inherited Unknown Total
Number- of submitted 162 103 16 58]
applications
S -
% of submitted 57.6% 36.6% 5.6%
applications
Patients Accepted
De novo / Inherited \ Unknown Total
Number of accepted
applications 82 49 n 142
% of accepted
applications 57.7% \ 34.5% / 7.8%
Nano rare \/ as of June 2024
Patient n-lorem
Colloquium  iosted by: @ 14 @ ™ FOUNDATION

Biogen



Familial Mutations: Phenotypic Diversity
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Case of Family with SPTLC1 Mutation

SPTLCI is associated with both juvenile ALS and hereditary sensory neuropathy

o ¢ .= o}

5 68y, onset 15y 2
Ilvesagsgggas Wa]k chronic foot ulcers
limited contact w/amily (sensorimotor axonal neuropathy)
myocardial non-compaction
less severely affected family member

32y 30y, onset 14y 28y, onset 10y 23y, onset By
Proximal muscles weakness  tetraparesis, nonambularory nonambulatory, swallowing diff
nonambulatory decreased ADLs obstructive Lung disease
decreased ADLs myocardial non-compaction, GH deficiency
fairly stable since 2018 more severely affected family member

Nano-rare
Patient
Collsium o @y : Zes Milorem

2024 Biogen



Familial Mutation Showing Variable Expressivity: SPTLCI |

Patient age

Shared Phenotype

Difference/unique
phenotype

Lower motor neuron
disease with progressive
lower limb spasticity and

prominent proximal muscle
weakness; Myocardial non-
compaction, Growth
hormone deficiency,
lactose intolerance,
eczema, behavioral issues

polycystic ovary
syndrome

Progressive
dysphagia,
obstructive lung
disease

Nil

Restrictive lung
disease

Juvenile ALS

Myocardial non-
compaction, Lactose
intolerance, dysphagia,
behavioral issues

Sensorimotor axonal
polyneuropathy — No
lower motor neuron
disease. Less
severely affected
family member

Hereditary
Sensory
Neuropathy

Patient# Gene Gene function Mutation AU EL at
Consequence e
application
NnLOO0790 32yrs.
nL88845 23 yrs.
. . c.NN5_117delCTT,
nL35793 | SPTLC1 Sphlngol‘lpld b.Leu39del GOF 28yrs.
metabolism
nL71997 30yrs.
NnL30059 68yrs.
Shadings show different patients of the same family
Nano-rare
Eaﬂent .
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Additional Patient with SP7TLCI Mutation: Different Mutation but
Similar Phenotype to Children

Patient age

Patient# Gene Gene function Mutation CFunctlonaI at Sex Shared Phenotype Difference/unique
onsequence o phenotype
application
nLO0790 32yrs. F polycy Zt'c ovary
Lower motor neuron synarome
disease with progressive :
lower limb spasticity and Progress[ve
nL88845 . . dysphagia,
23 yrs. F [prominent proximal muscle .
i . obstructive lung .
weakness; Myocardial non- . Juvenile ALS
. disease
compaction, Growth
c.115_1M7delCTT, hormone deficiency, .
nL35793 p.Leu39del GOF 28yrs. M lactose intolerance, nil
eczema, behavioral issues
Restrictive lun
nL71997 | SPTLC1 | Sphingolipid 3oyrs. | F diconee
metabolism .
Sensorimotor axonal
Myocardlal non- polyneuropathy — No Hereditary
compaction, Lactose lower motor neuron
NL30059 68yrs. M . . . Sensory
intolerance, dysphagia, disease. Less Neuropath
behavioral issues severely affected pathy
family member
Possible autonomic
Lower motor neuron dysfunction
nLOOIS6 c.58G>T, GOE 19 yrs. = disease with progressive (frequeot @zzmess Juvenile ALS
p.Ala20Ser muscle weakness and upon sitting and
atrophy; behavioral issues | standing quickly),
cataract

Pink shading represented patient not part of family
18



Location of Mutations Dictates the Severity of the
Phenotvpes: DHDDS

. Gene . Functional Patient age at Difference/unique
Patient # Gene function Mutation Consequence application Sex Shared Phenotype phenotype
HEETEE, 8 yrs. F No current seizures
c.110G>A, Dominant Global
pArg37H|s negative/GOF deve|opmenta|
nL70324 DHDDS Dolichol 14 yrs. M delay/mild No history seizures
synthesis intellectual disability;
movement disorders,
NLO0901 c.614G>A, Dominant 1 vre = behavioral issues Intractable
pP.Arg205GIn negative/GOF yrs. seizures
Orange shadings show patients from same family
@ ggg;ﬁ p.R211Q
R38P R205c .
¥ IPP mutation seems to be
associated with a more severe
o = phenotype

CD: catalytic domain
FPP: farnesyl diphosphate binding site
IPP: isopentenyl diphosphate binding site 19



Industrialization of n-of-1
ASO Treatments
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N-of-1 Trials Are Unique and Require Flexibility in
Paradigm

 Modified cross-over design
 Robust pre-treatment data collected instead of lead-in placebo treatment

« Data analysis of individual pre-treatment and post-treatment data based on
prespecified goals, even when multiple patients are treated with the same ASO

* The patients we are treating are very ill and severely debilitated
* Use of multiple concomitant medications
« Comorbidities
* Various stages of disease

« Limited natural history data for the diseases/ patients we are treating

« We know less about our patients and their disease progression than during
regular trials

« Opportunity to learn and share learnings

ll;Iar;o—liare
atien -
COllO(]lllllm Hosted by: (P 21 @ !lO Ull\%':\$||0nN

Biogen



Systematic Industrialization of the Clinical Data Collection
Platform Accelerates Treatment for all Patients

Standardization of phenotypic
data collection

- Secure, . . .
. . v — —
validated online A =s11=7
web platform ol | Bl | B | P’ dr =% =%l1=%

academic and > I=xJl=xJ =)= *] |=X >

clinical sites Fast

- Versatile and Y =3 I = deployment
flexible system =X = ¥ 1= %] for new patients

Patient 1- Phenotype X

f\’EDCap"’ Patient 2 — Phenotype Y
Streamlined collection of clinical and T T T
safety assessments via =%11=% —_
> 100 unigue case report forms il el ——
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Pediatric Neurology Programs Utilize Similar Assessments:
Leads to Faster Inter-program Deployment and Data Interpretation

Assessment Phenotype SCN2A KIF1A KIF1A SCN2A ATN1 hnRNPH2 ATN1 _ |hnRNPH2
Seizure Diary Seizures X X X X X X X
EEG Seizures X X X X X X X
6-MinuteWalk Test (6 MWT) Mobility X
Gross Motor Function Measurement — 66 (GMFM-66) Gross Motor X X
Gross Motor Function Measurement — 88 (GMFM-88) Gross Motor X
Modified Gross Motor Function Measurement (GMFM) Gross Motor X X
Gross Motor Function Classification Scale (GMFCS) Gross Motor X X X
9-hole Peg Test (9 HPT) Fine Motor X
Gait analysis Mobility X X
Mobility Tracker (Wearable) Mobility X X X X
Sleep Tracker Sleep X
Fall Diary Mobility X
Differential Ability Scales Il Cognition X
Quality of Life Inventoryin Disability (Ql-Disability) Quality of Life X X X X
Bayley Scales of Infant Development (BSID-4) Development X X X X X
Vineland Adaptive Behavioral Scales (Vineland-3) Behavior X X X
Observer Reported Communication Ability (ORCA) Communication X X X X X X
Modified Friedreich Ataxia Scale (MFARS) Ataxia X X X
Scale for the Assessment and Rating of Ataxia (SARA) Ataxia X
Brief Ataxia Rating Scale (BARS) Ataxia
Dyskinetic Functional Impact Scale (DFIS) Motor X
Bristol Stool Form Scale Gl X
Aberrant Behavior Checklist (ABC) Behavior X X
Repetitive Behavior Score — Revised (RBS-R) Behavior X
Short Sensory Profile-Version 2 (SSP-2) Sensory Issues X
Weighted Communication Scale (WCS) Communication X
Activities of Daily Living (ADL) Activities of Daily Life X
Caregiver Global Impression of Change (CGI-C) Quality of Life X
NIH Toolbox Cognition Batteryfor Intellectualand Cognition X X X

Developmental Disabilities (NIHTB-CB IDD)




Access to All Communities

« Established relationships with
institutions across the US

e These institutions have
been early adopters of the
Nn-Lorem work

 There is still work to be done
to onboard new institutions to
ascertain patient access to
treatment
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Close Collaboration with Clinical Sites Starts at Case Acceptance: Goal
is to Ensure Quality Data Collection to Enable Treatment Decisions

Application

GLP Toxicology Study
ASO Discovery Manufacturing / Sterile Fill /
Finish

Patient
Treatment

Case ASO Protocol Post IND
Acceptance Discovery Development Approval
'] ™ [ ™ [ A ( A
L | patient cells || Baseline data | Desc;[[ﬁ);ir?tn i || Support site with
collection P IRB submission
phenotype
8 / 8 / 8 / 8 /
( ) ( \ ( \ ( Develo
Individualized it
|| Whole genome || Tracking disease || treatment goals | gatabase for
seguencing progression tailored to patient clinical data
SYiEeIRs collection
_ / L% v L% v _
e ™ e A e A e ™
Institutional Slow dose T
- | ) Developmentef | L _escalation ana | Trainsie sator
buy-in - safety monitoring

_ J - / - / _ J




Clinical Update
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Safety & Tolerability Are Essential

First, Do No Harm

* Most nano-rare patients suffer from advanced severe diseases
* Most are treated with other medicines with potential side-effects

* This has never been done before
- Extremely limited preclinical data
- Limited knowledge about the diseases
- No human normal volunteer data

« Until we have more experience, we must be cautious
- AsS we gain experience, we can be more assertive
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Excellent Safety Profile Across all ASO Programs:

Multiple Patients Treated for 1-2 years

4 patients have been treated for 12+
months

Pristine safety and tolerability profile

Evidence of clinically important benefit
in 7/7 evaluable patients

- Improvement in multiple domains
iNn CNS

-  Evidence of CNS benefit at low
doses

- Continued benefit with continued
treatment

- Target reduction and stabilization
of renal function

Nano-rare

Patient
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Patient First #of doses Safety
dose given
nL00255 - KIF1A Oct 2022 11 \
nLO0068 - SAA1 Nov 2023 10 V
nLO0333 - SCN2A Jun 2023 8 V
nL00180 - FLVCR1 Aug 2023 6 v
nLO0001 - SCN2A Mar 2024 4 \
nL01183 - ATN1 Feby 2024 4 \
nL00010 - CHCHD10 Apr 2024 4 v
nL00037 - KIF1A May 2024 4 v
nLO0808 - ELP1 Jun 2024 3 V
nL00152 - CHCHD10 Jun 2024 3 V
nL00214 - TUBB4A Sep 2024 2 v
nL98087 - hnRNPH?2 Sep 2024 2 v
nL00250 - CHCHD10 Oct 2024 1 V
as of Oct 25, 2024
n-lorem
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Clinical Scorecard Since the Last Colloquium

* More than doubled the number of patients currently on
treatment

« Expecting an additional 8-9 patients to receive their 15t dose
before the end of the year

« We are treating multiple organs amenable to our ASO
strategies, using several routes of administration

2023 Colloquium

Total number of patients treated 5

15
Organs treated CNS, Eye CNS, Eye, Kidney, Liver
Routes of administration IT, IVT IT, IVT, SC
Cumulative number of doses 16 68
llﬁa{go—liare l
atient n-worem
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ASOs with Submitted INDs to Treat Multiple Patients: Shortens Time to

Treatment and Maximizes Benefit per Dollar/ Time Invested

ASO Gene ASO strategy Patients Additional Available to New Patients
Treated Accepted Patients

NL-KIFA-0O] KIF1A Allele-selective 2 5 Dependent on SNP
NL-UBTF-001 UBTF Allele-selective 0 2 Dependent on SNP
NL-TARD-0O01 TARDBP Allele-selective 1 1 Dependent on SNP
NL-SCN2-00]1 SCN2A Allele-selective 1 O Dependent on SNP
NL-SCN2-002 SCN2A Allele-selective 1 0 Dependent on SNP
NL-TUBB4-001 TUBB4A Non-allele-selective 1 L Yes
NL-ATN1-002 ATNI Non-allele-selective 1 2 Yes
NL-CHCHD-0O0T CHCHDI10 Non-allele-selective 3 6 Yes
NL-RNPH2-001 HNRNPH2 Non-allele-selective 1 5 Yes
NL-H3F3A-001 H3F3A Non-allele-selective 0 1 Yes
NL-LMNBT1-001 LMNBI Non-allele-selective 0 1 Yes
NL-SAAT-001 SAAI Non-allele-selective 1 0 Yes
NL-SERP-00] SERPINII Non-allele-selective 1 0 Yes
NnL-FLVD-001 FLVCRI Splicing 1 0 Dependent on mutation
NL-IKBK-001 ELPT Splicing 1 0 Dependent on mutation

as of Oct 25, 2024
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Types of Benefits Observed Across Evaluable Patients

* [mprovements in
- Seizure frequency
- Motor function/ mobility
- Behavior (attention, stereotypies, repetitive behavior, irritability)
- Communication
- Quality of life

» Other benefits in specific patients
- lmprovement in pain
- Improvement in drooling
- Increased stamina
- Improved Gl symptoms

Nano-rare
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What We Are Learning from Our Patients Is Optimistic for
the Other Programs in the Pipeline

« Eye treatments safe upon multiple injections
« Actively working on additional eye targets

« Sustainable benefits seen in kidney function with liver-targeting
ASO

« Actively working on additional liver and kidney targets

* In CNS, benefits seen at surprisingly low doses and early in
treatment
 Timing of treatment — the earlier the better!
* Stop neurodegeneration as early as possible
* Impact neurodevelopment as early as possible

llﬁapo—t;are l
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Concluding Remarks ‘

» Clinical experience is outstanding
« ASOs given via multiple routes of administration are safe

« Clinical benefits are seen across all organs and at low doses and early in
treatment in CNS

* Process can be further expanded to address the need of tomorrow

« Nimble experienced drug development team In partnership with
FDA, and following the Individualized ASO guidance, has treated the
most patients under this model

* This could not have been accomplished without our Pioneer Patients
‘ and the trust they put in us - THANK YOU!
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