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Discussions related {o the identification of preclinical issues specific for
olisonucleotide therapeutics

INTRODUCTION
IS S6(R1) APPLICABLE FOR
OLIGONUCLEOTIDE THERAPEUTICS°

T Na]\azawa

Background

» A sentence written in Scope section of
original S6 document
—The principles outlined in this guidance may
also be applicable to ..., and oligonucleotide
drugs.

However, S6(R1) EWG members felt
oligonucleotides are too different to be simply
adopted the guideline

Jul 2, 2014 Bio Working Group Meeting

Similarities and Differenc‘es

Biopharmaceuticals » Oligonucleotides

E — Species differences — Species differences

Ve Differences

[ - Rare off-target effects — On-target and off-target
i - Extracellular targets effects

|~ Catabolized usually to — Intracellular and/or

|

extracellular targets
| — Catabolized and
i metabolized to non-natural
| nucleic acids in many
N cases
Jul 2, 2014

natural amino acids

Bio Working Group Meeting

P
SHTanies B!

Contents of Presentation

« Background

— S6(R1) for Oligonucleotides

Simulation of applicability of S6(R1)

— Case study using a model oligonucleotide
» Conclusion

Jul 2, 2014 Bio Working Group Meeting

Case Study
A Model Oligonucleotide “X”

» “X”is antisense with phosphotioate (PS) and 2-MOE
modifications

 Indication: rheumatoid arthritis (RA)
— Patients population include WOCBP
— Chronic use

» Clinical candidate “X” is pharmacologically active only in
NHP, and its surrogate “Y” is mouse antisense for the

same target

Sponsor “A” conducted preclinical safety assessment
based on S6(R1) but made some modifications

Jut 2,2014 Bio Waorking Group Meeting

57
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Genotoxicity Studies

» Sponsor “A” conducted a battery of
genotoxicity tests, as S6(R1) cannot be
adopted

—“X"is expected to pass through the cell
membrane and interact with mRNA

— “X” would be degraded and metabolized to
create non-natural metabolites

* Negative in all the tests

Jui 2, 2014 Bio Working Group Meeting 7

In vitro and In vivo Analysis

"X = clinical candidate; *Y” = surrogate

Catparny assay

et Potancy Assay
Groh tactor faoform .

DR
éw i con. % oo
H ety sy
G :
Model of ﬂbr?sis
% Z p—— iwi
: !
1
| S0 Ea—
LS %
et =
; ""4,,."%,‘. 4‘%% o M,
“X" and “Y” are Similar
Jul 2, 2014 Bio Working Group Meeting 10

Species Selection

= Sponsor “A” selected NHP according to S6(R1)
- NHP is relevant (i.e., pharmacologically responsive)
animal species to assess
+ Exaggerated pharmacology
+ Off-target toxicity
« “A” also decided to use mouse surrogate “Y” for
the second animal species study
— Mouse, rat, dog or rabbit are not responsive to “X”

Jul 2, 2014 Bio Working Group Meeting 8

Repeat Dose Toxicity Studies

Exaggerated pharmacology

+ Clinical candidate “X" caused no cardiac toxicity due to
exaggerated pharmacology in repeat dose toxicity
studies in NHP

« Surrogate “Y” caused cardiac toxicity with
histopathology in repeat dose toxicity studies in mice o0

pas L en
\ate ‘eg,u\;oi oW :\ \)536
u W
e

atne

°

Histopathology was not consistent
» Sponsor “A” considered the NHP results are more
relevant than the mouse ones

— According to literatures, physiology of the target tissue is
comparable in NHP and humans, but not in mice

Jui 2, 2014 Bio Working Group Meeting Case Study 21

Comparability of “Y” with “X”

» According to S6(R1), sponsor “A” should
note the differences between "X” and “Y”
— Sponsor “A” decided to analyze the

comparability on the production process,
range of impurities/contaminants,
pharmacokinetics, and exact pharmacological
mechanism

Jui 2, 2014 Bio Working Group Meeting

Histopathology

NHP (“X") Mouse (“Y")

= T

Jul 2, 2014 Bio Working Group Meeting 12
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Repeat Dose Toxicity Studies
Off-target Toxicity

= Clinical candidate “X” caused apparent complement
activation and slight liver toxicity in NHP
« Surrogate “Y” caused weak complement activation and
severe liver toxicity in mice
- NOAEL was not achieved

« Similar toxicological findings with different severity were
observed
- Complement activation may be due to a class effect for PS
antisenses
« NHP is known more sensitive for complement activation than mouse

Jul 2, 2014 Bio Working Group Meeting 13

Reproductive/Development
Toxicity Studies

» Sponsor “A” had a regulatory consultation

- Sponsor question: Given negative mouse results of “Y” besides
literature information on KO mice, no NHP
reproductive/developmental toxicity studies are planned. Please
confirm this approach is acceptable.

— Agency response: This is not acceptable. Should perform the
same toxicity studies using the product intended for use in the
clinic.

= Sponsor “A” conducted similar studies with “X” in NHP
using ePPND design recommended by S6(R1)

~— No reproductive/developmental toxicities were observed

Jui 2, 2014 Bio Working Group Meeting 16

Repeat Dose Toxicity Studies
Off-target Toxicity (Cont'd)

« Similar toxicity with different severity
— Liver toxicity also seemed to be a class toxicity, but one cannot
rule out the possibility of surrogate-specific toxicity
- Liver concentrations of “Y” in mice were much higher than liver
concentrations of “X” in NHP roach
X apP
ool '\\,\S\\W the 2P
; sc\emmc
= Sponsor “A” decided to conduct additional repeat dose
toxicity studies with “X” in mice
— “X” caused slight liver toxicity with lower liver concentrations
« “A” considered the results of “X” in mice and NHP are
more relevant than “Y” in mice for clinical dose-setting

Jul 2, 2014 Bio Working Group Meeting 14

Current Status of “X”

* Completed Ph 2 studies
- Promising efficacy and safety profile
» No cardiac toxicity in humans
« Modest complement activation and mild liver toxicity in humans
« Sponsor “A” is concerned about how to assess the
carcinogenic potential of clinical candidate “X”
— The carcinogenicity assessment is necessary, since “X” will be
used chronically
— As surrogate “Y" has different toxicity profile, the data
interpretation is difficult
« If positive, how should the results be extrapolated to humans?

« If negative, are the findings meaningful? sty
A
e
soel ch
e 899
Jul2, 2014 Bio Working Group Meeting 17

Reproductive/Development
Toxicity Studies

+ Sponsor “A” decided to conduct
reproductive/developmental toxicity studies in mice using
surrogate “Y”

— RA patient population will include WOCBP

- Literature information on transgenic mice has not identified any
concerns about the potential toxicity on reproduction and
development by the inhibition of target pathway

— NHP reproductive/developmental toxicity studies are expensive

* “Y” had no effects on fertility, embryofetal development
and pre and postnatal development

Jul 2, 2014 Bio Working Group Meeting 15

Conclusion

* S6(R1) could be applicable for
oligonucleotides

— “Case-by-case” approach stressed in S6(R1)
may be useful

» However, it is not easy to use S6(R1)
for oligonucleotides
- Lots of modifications may be needed

Jul 2, 2014 Bio Working Group Meeting 18
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» Number of MAA's
» 1: Mipomersen, withdrawn in 2013

° N

2006
2007
2008
2009
2010
2011
2012
2013

1 withdrawn

(1 withdrawn)

NOWUT b Wb NN

Reproduction toxjcity 100
Carcinogenicity 8
Overall acceptance of NC programme 8
Testing of Oligonucleotide Pharmaceuticals Genotoxicity 5
from European Perspective Species Selection : 3
Japanese Society of Toxicology Meeting, Kobe, July 2014 Toxicology study design (dosing, route, dose 3
escalation
Environmental ri sessment 2
Jan Willem van der Laan & n; r!sk assessmer
Senior Pha(macologx:m and Toxicological Assessor PK/TK examination 2
fauation Board, The Netherl Safety Pharmacology. s ’ PR ATE
Chair Safety Working Party, EMA/CHMP Local Tolerance 1
Immunotoxicity 1

Overview

Topics where guidance is needed

 European Registration of Human Pharmaceuticals . )
X o ° Allometric scaling
* International Conference on Harmonisation

Y ALt Is there sufficient ev}dente to
o osmane | gy BLAHESD conclude extrapolation between
species on mg/kg basis is
Justified?

° European approaches
° Clinically relevancy
« Emphasis on 3Rs

° Current topics
* Nonhuman primates
° Carcinogenicity testing
° Reproductive Toxicity testing

Cre gt

e
Losames

G s
T fhe} PEBHGES 033615

= O 0 AUG,  were sirilar for badh human dnd FEE
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Topics where guidance is needed

* Species specificity
* One or two species? Mipomersen use homologues in mice and

REVIEW OF OLIGONUCLEOTIDE

monkeys.
« What is the added value of monkeys versus rodents or: - ’ o
* What is the added value of rodents versus monkeys/minipigs THERAPEUTICS IN PMDA
= Pharmacology/Toxicity - , '
+ Toxicity as on target-mediated exaggerated pharmacology - Kazush,lge, MAKI
» Off-target RNA interaction, class-effects b - = =
* Backbone related effects Joxicology, . 7
» Duration of chronic toxicity Pharmaceuticals and Medical Devices Agency (:PMDA )

* & months or 9 months

* Immunogenicity, might be with a high incidence. Clinical
relevance?

Disclaimer
Topics where guidance is needed

e ) * The views expressed in this presentation are
* Example of homologue versus product:
Forr‘mip?mersen5 both inacéiye product (P) a}{‘nd atxcgye those of the presenter, and do not

omologue (H) were used In carcinogenidity studies necessarily reflect the official views of PMDA.

Mouse
P: no tumours
H: hepatocellular adenomas (pharmacology related)

Rat

P: skin subcutis: fibrosarcomas

?
H: skin subcutis: fibrosarcomas > Class effect?

» What is the need for these carcinogenicity studies, are
there more examples?

Outline
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Introduction of PMDA Approved Oligonucleotide Therapeutics

Two Japanese Regulatory Authorities

Vi ravene  Antisense ‘,Cvt_

Age-related macular
Ma cugen Aptamer degeneration

e E Homqiygéusfam‘illk‘ail :
KYhamr 0. Antisense. hypercholesterolemia ,_U

Introduction of PMDA Consultation for Oligonucleotide Therapeutics
in PMDA

Consultation

Service

s 009 2000 2011 0

Review

we

2013 2014

2009 2010 2013 2012

Standards
Development

2005 2006, 2008

Finda

GLP/GCP/GRSP
GMP/QMS etc. .
Product Types
Outline of Oligonucleotide Therapeutics
 Global

-othersix

1102 WEOUMERANED R4
Pt ¥

2005 ~ 2014 (June)
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Therapeutic Areas
of Oligonucleotide Therapeutics

2005 ~ 2014 {sune)

Outline

Consultations for Oligonucleotide
Therapeutics in PMDA

Contents

2005 ~ 2014 {sune)

Consultations for Oligonucleotide
Therapeutics in PMDA

% %
00 % = 100 .
[ -
w0 . % w0
&0 § % 50
40 % E kS
20 % § 0
. B | | ] o | ;
Antisense  SIRNA Aptamer  Decoy Antisense  siRNA  Aptamer  Decoy
# Mouse & NHP # Rat & NHP BAmes % Chr. Ab. 2 Micronucleus
® Mouse, Rat & NHP = Rat, Rabhit Dog & NHP

2005 ~ 2014 (June} 2005 ~ 2014 (June)

“" Learn innovative technologies
Accelerated, higher quality revi

Activity toward development of standards
for oligonucleotide therapeutics

Pharmaceuticals and Medical
Devices Agency

Academia Medical Institute.

jational Institute of Health Sciency

Research results elop regulatory science exp

Promote proper R&D

Development of
Standards and Guidelines; .
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Oligonucleotides - Diversity and Simil.

» The structure and mechanism of action (MOA) varies among the
oligonucleotides being considered for therapeutics
> siRNA - double stranded; works through RISC
» miRNA (mimetic) - double stranded; works through RISC
> miRNA (antagonist) - single stranded; direct interaction with miRNA
» Antisense - single stranded; direct inhibition of mRNA function
» Aptamer - single stranded (often conjugated to PEG); direct interaction
with protein
» The underlying intent is similar for the various classes -to target RNA
to produce therapeutic activity
> These classes of oligonucleotides are drugs
» These classes of oligonucleotides are not gene therapy
> No insertion, alteration or removal of genes
» Short hairpin RNAs (shRNAs) have promoters and are capable of
insertion - these ARE gene therapy

48

Clinical and Nonclinical Experi
with Oligonucleotides

The views and opinions expressed in the following PowerPoint slides are > Estimated -100 oligonucleotide-based drugs have been in clinical

those of the individual presenter and should not be attributed to any trials in Europe or the US

other individuals or their sponsors. » »50 a}"t"SGHSE drugs
» >20 siRNA

%» 3 microRNAs two anti-miRs - one miR-mimic
> Approximately 3000 human subjects have been treated

Disclaimers

When relevant, recommendations of the Oligonucleotide Safety Working
Group (OSWG) are provided. These recommendations are for discussion

purposes only and are not intended to describe the official position of » Three oligonucleotides have been approved for human use
OSWG, its subcommittees, or any individual participants or companies. > Nonclinical studies to support these clinical trials and approvals
Due to time and space limitations the recommendations have been have ranged from single dose to 1 yr toxicity studies in non-human
summarized and may not accurately reflect the OSWG position. primates and single to lifetime studies in rodents
» >500 sequences in mice
This disclaimer is intended to provide information for context and not as > ~25 sequences in non-human primates
a legal description > Multiple programs confirm this class of molecules can be
transitioned from basic research to a commercial therapeutic
» Current programs are expected to build on these achievements
> Consistency among development programs and for regulatory
expectations are key to future success
44 a7

OSWG - Scope and Focus

> OSWG is comprised of toxicologist and pharmacologist working in N .
academia, industry, and regulatory agencies ” Hepat1c/Renal

in the FDA Review of Mipomersen

» Provides a forum for discussion of questions unique to oligonucleotides > Pro-inﬂammatory effects
» To t?ecome a participant in OSWG - contact the OSWG administrative B Complement Activation/Vascular changes
chair, Dr. Dave Schubert (schubertdh@zmail.com) N . e
> OSWG has identified key topics for discussion; subcommittee formed > Carci nogenicity
for each topic; changed or adjusted as appropriate » Immunogenicity
> CMC of otigonucleotides » Pharmacokinetics
Genotoxicity
Reproductive Toxicology/Carcinogenicity
Inhaled oligonucleotides 3 Missing from this list are off-target effects- why

Immunomodulatory is that?
hERG Testing/Safety Pharmacology
Exaggerated pharmacology
Off-target effects

Formutations

A R A

%

v

45
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omplement Activation and Vascul

Hepatic and Renal issui
Clinical Findings

> Clinical findings
P » No Increase in complement split products (C5a and Bb) at

» Hepatic findings X L .

> ALT increases in clinical trials > 3x ULN (16%) with correlations to ‘ any dose or route in the clinical trials

liver fat (MRI} » Non-clinical findings

> Changes appear to be related to inhibition of apoB and unrelated > Complement activation was apparent in monkeys at SC doses
R t(z ?_Sod?hemxstry of > 20 mg/kg (~7x clinical exposure)

enal findings - . . . .

> Reported increase in urine protein > M(;rziﬁeis had intimal thickening/hyperplasia with lymphocytic

» Significance of increase was unclear: infittration

%

» Not present in HoFH population » Vascular changes were associated with reductions in

> Urine dipstick values in pooled Phase 3 was higher than baseline but near the 1 3 3 i 3
vale frgm BB ¢ baceling circulating complement (3. Potential redu;tlons in

> Quantitative mean values in pooled phase 3 were high, but median values Complement function and the clearance of immune
were unchanged complexes might result in such lesions.

v

No industry wide - issues here but data are available that
renal monitoring is critical  Santaris SPC-5001 and Prosensa
PROO051 clinical finding and non clinical studies

nflammatory Effe t

Complement Activation and VaScular

(continued)
> Clinical Findings > Comments
» Injection site reactions and Transient Flu-like » The FDA reviewer accepted the proposed mechanism of
symptoms were common reported AEs action in this case and the association with complement

activation suggests species specificity.

» This hypothesis may still be challenged by other
reviewers in the future

> Very important to properly design chronic monkey studies

» “FLS do not seem to correlate with changes in plasma
cytokines (IL-1a, IL-13, IL-6, interferon alpha or beta)
or chemokines (MCP-1 and MIP- 1a)

» Comments with appropriate endpoints and disciplined interpretation
» No new issues were raised with supportive data for a mechanism
> ISR and FLS tient retenti . -10% of » Are there specific experimental approaches that should be
7 an . \.Nereipa ient retention issues, o examined to test the hypothesis?
discontinuations in Phase 3 5 LIKE THE IMMUNOSTIMULATION IN RODENTS THIS TOXICITY
» Continued need for animal models of the conditions to APPEARS TO BE OVERPREDICTED BY MONKEY STUDIES-
allow for better screening RAISING THE MORE IMPORTANT ISSUE OF INTERSPECEIS

PREDICTABILITY

53

Antigenicity Carcinogenicity

> Clinical Findings > Clinical findings
%> Observation of high incidence of positive > Incidence rate of malignant neoplasm in -treated patients is
immunogenicity samples comparable to expected range for a similar patient
N . . . population
> Correlated with high plas'nm ASQ trough concentration » Imbalance between PBO and treated patients likely
» No effect on safety or efficacy parameters other than triggered the presentation to Ad Comm
slight correlation with FLS » Non-clinical findings
> assessed in 2-year carcinogenicity studies in mice and rats.
> Comments > Mice- increased incidence of benign hepatocellular

adenoma in female mice treated with either 60

» Nature of this immunogenicity signal is unclear ma/ka/week ISIS 147764 or 60 me/ke/week
#» This needs to be addressed in later stages of mipomersen.
development for other ON programs » Rats/mice- malignant fibrous histiocytoma and
> Need to consider the specificity of interaction malignant fibrosarcoma in skin at inj. site
> Known polyclonal Ig response and nonspecific protein binding of
ASO
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Carcmogelmt

» Comments
» Two full studies were required thoush the standard is one and an
alternative test Should try to challenge the two species issue in
the future
> Positive findings were addressed prudently.

» Chronic inflammation at the injection sites in rodents was
associated with a sarcoma but that is known to be rodent
specific and are rare in humans

» Liver adenomas in mice reflect the known sensitivity of mice
to liver tumors and the sensitivity of mice to proinflammatory
effects of ASO

> QObserved tumor types are frequently observed in the test species
with ready explanations. Theyt not rare tumors that would have
suggested some unique processes

» Body Surface Area Allometric scaling applied by FDA is not well
supported by data (Addressed later)

» No real evidence of meaningful cancer risk evident in data

This was discussed at DIA/FDA Worl

Y

Liver Conmtration (uefa]
Livar Goneactration Ligg)

Yt He s @0
L Do G, i Dosn (it !

» The conclusion drawn is dose/surface area is a better predictor reducing
apparent safety margins
» However, plasma AUC and equilibrium plasma concentrations (trough conc)
are nearly identical from monkey to man with equivalent doses on a mg/kg
basis for multtiple drugs and multiple chemistires.
» Comment
> Reconciling the above data and the trough plasma concentrations is difficult.
~ Would be best to use empirically measured values to set margins, such as
plasma AUC
» Need to Challenge the use of BSA as Plasma exposures between man and
monkey (and to a lesser extant rat) appear to be better extrapolated on the
basis of body weight rather than surface area.
This issue needs to be addressed with a position paper from the OSWG

v

ed in the mipomersen r
raised in other regulatory interact

:

> Genotox- seems to be fading as an issue

Off-target effects are being raised and are

being answered with in silico data

> Surrogate drugs- being accepted when
necessary? 1 species exaggerated pharm?

» The field is expanding into new indications with

specialized routes of admin and formulations

Additional issues related to route of exposure

and formulations are gaining prominence

» Route effects maybe generalizable

» Formulation effects are may be more proprietary,
though an OSWG panel is working on this

\d

v
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