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From Genes to Proteins

® Genes are made of DNA

@ Building blocks of DNA are made of 4
bases - A, T, C, G - organized in a L !
specific sequence encoding information codons —GAGH ccc [Brcall atc [lacell cat FAce

® |nformation from DNA is transcribed into
messenger RNA molecule which bears mRNA
instructions

. . Codons — GAG CCE UCAS AUC WWAGGH CAU WACC
® mRNA instructions are read by the

machinery of the cell to make proteins
® Proteins are important to the structure, Protein o o o & @& @ @
function, and regulation of the body Chain @ @ e @ @ @ @
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Whatis a Mutation?

® A mutation is a change in the
normal sequence of nucleotides

® Most of the times, mutations are
corrected, benign or silent

MUTATIONS

Substitution Deletion Addition

® Sometimes, mutations can
change a critical part of the
instructions to make a protein
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Consequences of Mutations for Nano-Rare

Evaluation of first 173 patient submission
@ Different mutations have

different consequences

- Protein becomes inactive or
degraded

- Protein acquires a new function

Dominant negative/gain of function

| a

Dominant negative

N

___Gain of function

Loss of
function

@ Each individual patient
submission is thoroughly

dainot tonctonos g evaluated to identify an adequate

function ASO strategy
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Predominance of Allele-Specific
RNase H1 Programs in the Current Portfolio

® Gain of Function mutations can be
addressed by RNase H1 ASOs

Upregulation

® Many n-Lorem patients require
allele-selective strategy to
preserve function of the target
gene

RNAse H1

® Allele-selective strategies require

P greater skill, expertise and
Allele-selective screening in order to identify an
RNase H1
optimized ASO for that patient
Hosted b
Ze= Mlorem P
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n-Lorem Platform s

Based on ASO Technology and FDA Guidelines

® Antisense technology is

IND Submissions for
Individualized Antisense
Oligonucleotide Drug
Products: Administrative and
Procedural Recommendations

o
- Rapid
o
- Versatile
. DRAFT GUIDAN(
-
publication in the Federal Register of the notice announcing i
guidance. Submit clectronic comments to hitp://www.regulalf
[
- Cost effective
USS. Department of Health and Hunl
Food and Drug Administraf
I a b I e Center for Drug Evaluation and Rese{
-
Sca

Guidance for Sponsor-I

Lane, Rm. 1061, Rockville, MD 20852. All comments shoull
number listed in the notice of availability that publishes in thel

comments to the Dockets Management (HFA-305), Food and
For questions regarding this draft document, contact (CDER)|
Procedural

® Supported by the FDA :
- 4 guidelines issued in 2021 to

specifically address the development
of individualized ASOs
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IND Submissions for Individualized
Antisense Oligonucleotide Drug
Products for Severely Debilitating or
Life-Threatening Diseases:
Chemistry, Manufacturing, and

Controls Recom)
Guidance for Sponso

DRAFT GUID,
‘This guidance document is being distributed

Comments and suggestions regarding this draft docun
publication in the Federal Register of the notice annouj
‘uidance. Submit electronic comments to https://ww
‘comments to the Dockets Management Staff (HFA-303
Fishers Lane, Rm. 1061, Rockville, MD 20852. Alleg
docket number listed in the notice of availability that p{

For questions regarding this draft document, contact G4

U.S. Department of Health an(
Food and Drug Admil
Center for Drug Evaluati

Nonclinical Testing of
Individualized Antisense

Oligonucleotide Drug Products for A

Severely Debilitating
Life-Threatening Dise

Guid for Spe
DRAFT GUIDANCE

‘This guidance document is being distributed for comment purpd
c and sugge: egard i
publication in the Federal Register of the notice announcing the availability
guidance. 10 https:/www.regulations. gov. Si
comments to the Dockets Management Staff (HFA-305), Food and Drug A{
Fishers Lane, Rm. 1061, Rockville, MD 20852 All comments should bef

December 201
oMe

37775086df docx
17302021

-

docket number listed in the notice of availability that publishes in the Fedef

For questions regarding this draft document, contact (CDER) Ronald Wang

U.S. Department of Health and Human Services
Food and Drug Administration
Center for Drug Evaluation and Research (CDER)

April 2021
Pharmacology/Toxicology

TSy e
awonal

IND Submissions for
Individualized Antisense
Oligonucleotide Drug Products
for Severely Debilitating or
Life-Threatening Diseases:

Clinical Recommendations
Guidance for Sponsor-Investigators

DRAFT GUIDANCE
“This guidance document is being distributed for comment purposes only.

Comments and suggestions regarding this draft document should be submitted within 60 days of
publication in the Federal Register of the notice announcing the availability of the draft
guidance. Submit electronic comments to https://wwiw regulations gov. Submit written
comments to the Dockets Management Staff (HFA-305), Food and Drug Administration, 5630
Fishers Lane, Rm. 1061, Rockville, MD 20852. Al comments should be identified with the
docket number listed in the notice of availability that publishes in the Federal Register.

For questions regarding this draft document, contact (CDER) Eithu Lwin at 301-796-0728.

U.S. Department of Health and Human Services
Food and Drug Administration
Center for Drug Evaluation and Research (CDER)

December 2021
ClinicalMedical




Some Recent Reviews on RNA-Targeted Drug Discovery
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Effects of These Agents

Stanley T. Crooke,* Punit P. Seth, Timothy A. Vickers, and Xue-hai Liang

Gite This: 1. Am. Chem. Soc 2020, 42, 14754-14771

SURVEY AND SUMMARY

thioate-Containing RNA Targeted
Drugs with Proteins Is a Critical Determinant of the Therapeutic

interactions
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History and Current Status. The concept of cresting
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1989 several companies were formed to pursue the

technology.”
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Antisense technology: A review
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Antisense technology is beginning to deliver on the broad
promise of the technology. Ten RNA-targeted drugs including
eight single-strand antisense drugs (ASOs) and two double-
strand ASOs (siRNAs) have now been approved for commer-
cial use, and the ASOs in phase 273 trials are innovative,
delivered by multiple routes of administration and focused on.
‘both rare and comman diseases. In fact, two ASOs are used in
cardiovasculas eutcome studies and several others in very large
trials. Interest in the technology continues to grow, and the
field has been subject 1o a significant number of reviews. In this
review, we focus on the molecular events that result in the
effiects observed and use recent clinical resubts invalving several
different ASOs to exemplify specific moleculas

RNA reduction via RNase HL
production by correcting RNA
suggest that in the coming y8
binding mechanisms will be
(5-8). That AS0s in the clinic
caused in full or partly by toxi
tional protein-caused diseases
opportunities will emerge as
understond. Finally, several o
importance of advances in me
The significance of advances
chemistry and in ASO designs

of phasphoroth

and specific issues. We conclude with the prospective an the
technalogy.

{first generation ) to thase PS A
{Z'-MOE) substitutions {secon

Recent progress and the performance of RNA-targeted
drugs (RTDs) in well-controlled clinical trials argue that
RTD discovery technalogy is beginning to deliver the potential
value that :u:umgedmmtmnbegum! decades ago. To
date, ten RTDs have been approved for commercial use
(Table 1), inchuding eight single-strand antisense oligonuce-
otide (=5 ASO) drugs (AS0s) and two double-stranded (ds)
antisense drugs that are referred to as siRMAs {1-4). Nusi-
nersen, a PS ASO) that corrects the splicing of the SMNZ pre-
mRNA to treat spinal muscalar atrophy (SMA) is the fiost
*hlockbuster” RTD (). Thaugh all of the approved RTTs are
designed to treat patients with rare diseases, Table 1 shows
that while the rare disease pipeline is robust, there are
numerous RTDs in advanced clinical triaks that are focused on
diseascs with very high incidences. In fact, Pelacarsen, formerly
AKCEA-APO(a)-Ly, and ION-TTR- Ly, is enrolling patients
into cardiovascular outcome studies and in advanced phase 2
studies, there are PS ASOs such as JONIS-FXI-Ly,, IONIS
APOCIII-Lg. Vupanarsen (formerly AKCEA-ANGPTLI-Lad,
and a number of ASOs designed to treat high-incidence
neurological diseases including treatments for Alkhcimer's
and Parkinson's diseases (Table 1) (4). Table 1 also shows that
= PS ASOs can be administered by multiple routes for bnl.h
systemic and local therapeutic cffects. The versatility of

oy is further the fact that pos
binding mechanisms of action include bath ASOs that cause

*For comespondence: Stankey T. Coooke, scrooke@onisph com.
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taining 2' { ethyl (2
25) to 2-MOE and 2'cEt P§
galactosamine (GalNAc) (3, 9]

Though traditional drug dise
incrementally, to a very large
remained static, dependent on
consuming screening process
Rather remarkably, given ho
already advanced and of vital
vances in antisense technolog
derstanding of the molecular
pharmacokinetic (PK) behavia
wells, the molecular mechanis
effects of PS ASOs and the ta
performing PS ASOs. Most exe

with target RNAs, now addsa.
interactions and targeted deli
what has been achieved with Gi
peogress in the technology and
subject of several recent reviel
Nevertheless, whether the g
truly broadly enabling remains
review, we will first address
known properties of PS ASOs
technology has the potential ta
than small-molecule drug disa
mare detailed discussion than
views of the thearetical framew
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Phosphorothioate modified oligonucleotide—protein

Nucleic Acids Research. 2020, Vol. 48, No. 10 5235-525

RNA-Targeted Therapeutics
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Antisense technology: an overview
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Antisense drug discovery and devel
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{ASO) for which the code that determines both the

Watson-Crick base pairing — is underst
authors also bighlighted the broad poteatial of such
viruses and

bind — Watson-Crick base pairing — were understood,
troe rations] design of ASO drugs was theoretically
feasible for the first time, which could make the tech-
‘nology substantially more efficient than other drug dis-
covery approaches. Although the meml\lmn
weas well imto the future, advances in molecular biology
tiad slready demonstrated the need for drugs that dis-
plaved greater target specificity than small molecules,
2nd theoretically, ASOs could be designed to interact
with excellent specificity for their reccptor sequences
2nd to work against ‘undruggable’ receptors (reviewed
in REF). Fanally,

been considered ‘receptors’ and ASOs were different
from semal molecales. the behavious of ASOs could be
iradasonal

receptor theory
BEFEU) A sy

sound q

efforts to answer has be i ‘mlhe-dv:nm

ASOs and the doubl
interfering ANAs (siRNAs).
However, efforts o comvert the concept oo 3 drug

19505, wh

To convert the antisense concept from 3 naive
dream im0 3 robust therapetic modality required that
every clement of the platform be imvented and steadily
advanced 5. 1. A conceptual framewark needed to

s Rl o il ki
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Although the challenges were obviows 2nd daunting.
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had to be established and
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ABSTRACT

When coined, the term “antisense” cliuded cligomaciootdis of sy iratam, with sy chemical makifeation snd Sesgned 1 work thegh sny post-RNA by.
Beidization mechanism. Huwever, i practics the term “astieme” has bees sl 1 describe single smranded algunaciectides (3 ASDs) deszgned 10 hybridise to
sopromto

NAS ekl the term *SRNA” has comme 6 mene double steanded olipaseslectides desipued o activate Aged Howeves, the fwo

e many comme
sechmslogy

Seatares. The medcicul chemistry developel fur ASOs grestly facilitated
Mary of challenyes faced soud solutions achieved
steriect at

T e st

share sy commen festeres. b fact, becasie w6 ASOs can be designed 10 activate Agu2. the two spprusches
and

e— asiety of

o the subst activity of Agad. However, siNAS
The, A

g i e e of GENAL

alter the behavior and perfonmance of 2 target RNA, the sructare of
drug administered (single or dosble strand) or the chemical modsica

development We will however, compare 3 variety of chamactertstics of
ASOS v SRNAS from 2 ve. In the past three 1o

phorcctuoate

SRNA admmicered with cationic Iipids 2 3 delivery vehicke and co-
1 sduce effects, and coe

SRNA thar &5 modified with 2 OMe and 2 F and conjugated with N-
< s]).

tioas that might be required to intreduce acceprable propermies for
therapeutic “Antsence” inchuded o
any strucnre ce chemistry designed to bind targer ENA via Wasce-
Crick hybridizacion. In practice, antisense & wed o refer 1 single
ASOx) and SBNA

ASOs that act via Ago2 to cause degraducica of target RNAs (for seview
see (230).

Though the idea was proposed in 1978, 2o measingfsl effors was
expended i the Lte 19605 whes several compumes mere foucdnd &
ereate and advance the techoology. Today, &t &

Given the progress w0 date aad the fact that the sechalogy con-
‘mmes 10 advance at & rapid rate, yielding ever bester performing drugs,
.mmmtmmﬂmmpﬂnn.mwn

that the technology Is begianing to deliver the value that the pioseers

SIRNA drugs [4]. Given that peogress in SRNA drug developmens has
been reviewed recently |59, in Taske 1 we focus stricty en ASOs i
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phace sy that will define future opportunine for the technology.
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INTRODUCTION

The phosphorodhioate (PS) linkage represent u eiviged
(1. The PS
Tinksge is critical on enhancing the drug-like properties of
single stranded gapmer antisense oligonucleotides (ASOs)
that promote RNascH1-mediated degradation of RNA (2)
(Figure LA). PS helps stabilize the DNA ‘gap’ region from
nucleolytic degradation and is one of very few backbone
modifications that support RNaseH] activity. In addition,
PS is also used to stabilize IRNA therapeutics from cxonu-
clease degradation resulting in durable clinical responses
G

A unique feature of PS ASOs is their ability to bind many
proteins with micromolar to nanomolar dissociation con-
stants {4). The anienic sulfur in PS linkages can interact

Imuum:mt&«mwn—-@.w&mtwlu

ik pecthi iomisph.com

ucleic Acids Research.

Commons Auribution License (hiip:/ fereatmecommons.org lcesses 5y/4.10/), which
wided e orlginal work & propery cited.
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Current Process To Discover and
Develop Optimal RNase H1 ASOs for CNS Disease

Approximate Minimum

Screening Step Purpose Numbers of ASOs Minimum Criteria
Evaluated
Exclude motifs associated with ASO structure, repeat Scan entire pre-mRNA
ASO design including in silico :[sequences, LI I TR G S S ET Gl All important attractive motifs included, unattractive
argets
off-target assessment excluded
Include attractive motifs Apply algorithms
Primary ASO screen g;;ﬁﬁgmy [P S I TSN LRIFEIR) Eiel ot 500 >80% target reduction
Dose response evaluation of To select at least 20 ASOs for in vivo tolerability ~
multiple ASOs screening 50-75 IC50 1umol (free uptake)

To confirm selectivity of ASO for target RNA vs. any
worrisome off-target

“10-fold difference in IC50s for target RNA vs. off-

In vitro off-target analysis target

As many as necessary

Less than 2-fold increase in TNF-alpha at high ASO

BJAB Assay To exclude activators of innate immunity B50-75 concentrations

Exclude poorly tolerated candidate and include ASO

Single dose tolerability with an optimal therapeutic index

screening in rodents at high

. . . To identify optimally tolerated lead ASOs 20
gfo(sjtle\gcludlng histopathology General AIE1 GEAP
Histology Microglia Astrocytes
Repeat dose GLP 3-month . . . An attractive therapeutic indexwith an acceptable
rodent toxicity To identify NOAEL and cell-types at risk 1-3 NOAEL
GMP Manufacturing Quality ASO drug substance 1 Pure, stable lyophilized ASO

Sterile Filland Finish Quality, stable and sterile ASO drug product 1 Sterile vials for administration



Extensive Screening to ldentify the Best ASO
STEP 1: Identifying SNPs to design allele-specific ASOs

@ 2 copies of each gene; pathogenic mutation can happen on either allele
e Benign changes in bases - SNPs - can also be present on either allele
@ SNPs can be used to design ASOs targeting only the pathogenic mMRNA
e Each SNP site allows the design of 20 different ASOs

S e % m= wm= R
Pathogenic mRNA - 5 — _ﬁ___);
Wildtype mRNA X X X X—X
| ~500+ ASOs e
so= lorem >

4 ]
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Allele-Specific RNase H1 ASO Triggers Degradation of
Mutant mRNA while Preserving Wildtype mRNA

Pathogenic mRNA - RNase H1-
ASO heteroduplex mediated degradation

Pathogenic mRNA X van X

Wildtype mRNA X % X X—X

I l Healthy
l protein
Hosted by
Zes MNlorem P -
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Extensive Screening to ldentify the Best ASO
STEP 2: Single Dose Assay

® ASOs are tested at a single concentration to evaluate selectivity and
potency

® ASOs showing ~80% of reduction of pathogenic mRNA will move forward

130

Expression

50
Desired
knockdown
0

Hosted by
n-lorem
'@‘ NNNNNNNNNN ’ u
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Extensive Screening to ldentify the Best ASO

® Assay evaluates potency of ASOs for pathogenic and wildtype mRNA

® ASOs reducing pathogenic mRNA in a dose responsive manner while
sparing wildtype expression will move forward

200 = Il Pathogenic mRNA
\ () Il wildtype mRNA
c 150=—- '
O
V)] T
2 1
O 100- [ I "
2 5] [
X |
L
50 =

0= s S = s Ll il L

n-lorem

ASO 1 ASO 2 ASO 3 ASO 4 ASO 5 ASO 6 ASO 7 ASO j Hosted by
@ ™ FOUNDATION
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Extensive Screening to Identify the Best ASO
STEP 4: Inflammation Assay (BJAB)

® Assay designed to measure
innate immune activation

® Peripheral cell line is used .
(BJAB) I INFLAMMATORY

@ All ASO candidates are
benchmarked against known .

controls to rank their pro- | |
inflammatory potential °' . . SAFE

@ ASOs identified as safe will
move forward

Hosted by
n-lorem
= Njorem \’
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Extensive Screening to Identify the Best ASO
STEP 5: Identify Potential Off Target Effects (in silico and in vitro)

® Analysis designed to identify nonspecific binding of ASOs to mRNA from
other genes

® Nonspecific binding of ASOs could reduce expression of critical genes
® 2 step process:

In silico-based analysis highlighting genes with partial match to ASO sequence

In vitro assay evaluating actual effect of ASOs on expression of the off target genes

® Having a thorough understanding of the patient condition is essential to
evaluate the true liability of any confirmed off target effects

= I'I |.O rem ’ Hosted by
T ) .
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Extensive Screening to Identify the Best ASO
STEP 6: Small Scale Synthesis

® Small scale synthesis of ~20 ASO candidates is required for use in animal
studies to further evaluate the different candidates

® Strict criteria are used for purity at this stage, ensuring that animals are
exposed to a batch of material representative of the clinical batch

— Hosted by
== n-lorem
“'@™ FouNDATION \’
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Extensive Screening to ldentify the Best ASO
STEP7: in vivo Tolerability Study

® Study designed to identify poorly tolerated ASOs

® Route of administration mimics clinical route

® Rodents receive a single injection at high dose of top ~20 ASOs identified
from in vitro screen and observed for 8 weeks

Day 56

Necropsy
Clinical signs

® Animals evaluated for: /&D'yo v @
- clinical signs I I I I I I I I I I
- neurobehavioral parameters T N
- body weights

toxicity and inflammation markers in spinal cord and brain; histology as required

% - n- lorem ’ Hosted by
@ FOUNDATION .
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Extensive Screening to ldentify the Best ASO
STEP 8: GLP Toxicology Study

® Study designed to identify potential toxicity of lead ASO after repeated dosing
over 3 months, considered representative of chronic dosing in the clinic

@ Specific design will change based on targeted organ and ASO strategy
® Stricly regulated study: all parameters are controlled to yield robust data

® Animals are injected once a month and thoroughly evaluated for a battery of
parameters (general and organ-specific)

Day 92

Clinical signs Necropsy

I ¢ & & % I

Day 1 Day 29 Day 57 Day 85 @!r%@
U7R
G o

NOX
4hr 24hr 4hr 24hr 4hr  24hr 4 hr 24 hr
l 1 | | 1 1 | | 1 1| | - &
Neuro Weekly BW/FC Neuro Weekly BW/FC Neuro Weekly BW/FC Neuro

Drug level Pathology



Extensive Screening to Identify the Best ASO
STEP 9: GMP Manufacturing of the Clinical ASO

® Similar to GLP toxicology, GMP manufacturing is regulated and operates by
a set of rules ensuring quality and reproducibility at every step

® The lead ASO is synthesized according to strict criteria for purity, salt
content, bioburden, etc to ensure adequacy for human administration

® A single batch typically yields sufficient material to treat a patient for 10
years or more

® Depending on each institution's pharmacy capabilities, ASO may require
formulation into a liquid, sterile form, ready for administration following
manufacturing

Hosted by
n-lorem
'@‘ NNNNNNNNNN \’ n
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Importance of Rigor in Nonclinical Data

In vitro screening data
In silico analysis

® FDA individualized guidelines

In vitro and In

outline a lean nonclinical vivo Data

pathway to filing Animal Tolerability and Toxicology Studies
® Nonclinical data represent a Manufacturing Details of composition, manufa_cturer, stability,

significant part of the IND Information el Calneisiel E E SIS el

substance and drug product
® Therefore, rigor and quality

are of the utmost importance Cresl [Sretees Detailed protocol

at every step and Investigator Qualifications of investigator
Information Informed consent document

— n-lorem ’ Hosted by

Biogen
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n-Lorem Discovery and
Development Platform Delivers Optimized ASOs

n-Lorem has developed a scalable
model for mutation-driven ASO
discovery and development

Every program is tailored to the
needs of each patient

In depth ASO expertise Agility and flexibility in
and experience decision making process

n-Lorem process is informed by
millions of ASOs studied over decades

Hosted by
ces " lorem ’ .
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Integrating Decisions:
from ASO Design to Patient Treatment

® At every step, all available data are evaluated in the context of the patient

@ Exact number of ASOs and criteria at each step may vary slightly from
program to program depending on the mutation, target gene, ASO strategy

® ASO candidates moving to the next steps are always carefully selected

® Benefit/risk assessed in real-time as the ASO program and patient
phenotype progress

® Each step is difficult, but the integration is even harder
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Integrating Decisions:
from ASO Design to Patient Treatment

The most important question:
Is this ASO adequate for this patient?
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More importantly, our and
thank you!

D% THANK YOU

—= nh-lorem
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