= B E &
¥R 28 £ 3 A 28 H

EMEMEMETER (B @+

FEHBEEE - EEHEREEEER

%8 (siBNA) &7/ RACETEIIILI P a3 w_R—/8—] 221\ T

F/ T 0C—ERERFICEAL, ENBE~OEESORRMTES
PEFRAREEOALZECLY . BEROERRUAMEOMLEEEEL-
EHNEZZORRSERAURETEATEY . TO—2 & LTHE (siRNA)
B8/ SHORERSEATLET,

S8, BEFBE TR, %8 (siRNA) B#F/ BHOFRRCHE-Y S
BRUEBRFES SV TREETAETHEZONT, T#E (siRNA) &+
JBEIETEYILI L avR—K—) ELTHREOEBYRYELHEL
Fzo RUTLILaUR—R—24BOLBOBELEND LS. BETER
XEZICH LCAMAENET,



B (RNA) 887 BAICETE Y 7L va vt—r—

Hk
1. EFEHiz
2. fsEH

3. REBEBELIEETE

3—1 FHESECHIEN~OEEIZELSME LOBEEBIE
3—1-1 KNBRBICEbIEEHE

3—1—2 MEN~OXRECHEHL3EEEE
3—2 HEHIEDL3SELOEEEHR

3—2—1 *%UT7TRRRSOREL

3—2—2 HHOREMEREL

3—2-—3 #EZEiERIL

4. FREFRICBLIEESFE
4—1 FEEREHESERR
41— 2 FERREHERR
4—2—1 siRNA IZH¥ETHEME
4—2—-2 FxV7iICh¥ETEENE

5. b hERSRRICHTSEEEE

BEIWK



1. RUBIZ
BERR A REERSEER E L TR TH S, sRNA (small interference RNA) 1 21-23bp
BE®D 2 A4 RNA S FTh Y. B mRNA 2EROCENIT5 = & TR TRRLHH
FHoLRTED, 7. sRNA iV mRNA HRFEN 28 LEFUERE R ET5 - Lo
5. B 10D sk b ERBEEA~OSANE/F SN TEE, LL, siRNA XK
TEEARALHB L, BOTRETHELL. AEFEETAZ L, SLCEVIALE
BBl FOYRBLENIED DR L 72 5 HII~OR Y AHZROm E3H
BL72oTW3, £/, siRNA ZEMCOFICHRET S &, BRICL ) EOHICHMSh
BIiR, EAMTH Y HTFEN 2 FRETHE D LHLBEHESROT NI LTk,
B ERDICET B T L bERREA~OKE REL 2o TE L, ThbOMREY
Eﬁfatbmiﬁabf YRV —AREGFIENVERITOH LT/ EiEEAL
ek VT ORBRY, £ OXEERSRRT TH S,

SIRNA OF 4 U 7 ~ORBESICH. % ) TEEEWEHEIE5 - Lo X 5B EMEE
RS, ERESREBAVLND, SbIT, FABBEZRET DTSR TE
FOTRALT 384 bb 5. <0 sRNA ¥y U TRICHESB B, ) TIEH
ASHTORVEE DS B, i, FL O SiRNA ¥ ¥ U TidT 7 ¥ XORFORETE
v RHA b= R B ZICE DBOAENB, FO%, sIRNA SHERENICBITT S DI,
Y VY- ATOSRERET, VY —ALBETEMCHRAL = FY—ANE sRNA
FRILS ¥ 2B AT ARABER SR TVE, S5, ESRERNEEEEHET
WITILREN LB OEA LR L bRALN TS, [1. 2] :

YTV vk, T IR L%y U 7 20 sRNA ERE (L
F. B (SRNA) ##F WA 2l BB E L TREARELDELOTHS,

2. TARHE

RWECH. B (sRNA) BT SAOBERIBNTHEET RSS2SR TIH8, &
SCBOE % FIE SRNA DAOBBEEE LT/ BAOBEROBICLBEL R THS ),
£ ) TIHEOEEERIL. HETIEANTA R4 [3] 22BT 52 LPHE
HTHD,

72EH, e DERMCOVTORBOEROFMCEEL TiX, £ORIOFERLEMNO
. BEROEEY K U AENRILITESX | F— R - S - R TRERICHE S
BT ERULETH B,

3. REHEDIEEEH

f/%%ﬁ@%v)??mmm%ﬁm?éﬁ%km SiRNA DEFPIZEMR LR TR
ROMRES - MR~ OBEE, S HIZBEIT XL - T, ﬁﬁﬁf@ﬁ%wﬁﬁ&fmbé 0
tb\%?UT%&&%#%#&&%E?LT%U\%&ﬁﬁ@mgbﬂﬂéﬁwmgk



FRBELETARELDD. LiedoT, SRS 0REICET 5 HRITA SRS & F2
EOKETHMITTRERDD, SHIZ, AARRVESMICHEEEL > 5RERE
i (RRCENBIE. BAFNREICEEY 51 2 BEEE) 2HohL, Thb0
B e E BT 2 e D ORBRIBERLT O LEEETH D, ZDL 512 siRNA DR
BRI v U TIKET B0, RRABRESEELS Y U T ~OBERR L, kg
BOELDS TRESNBBEITIL, F2HMATEM & & BT, 2RI/ 5 E R O TR 234
L3,

3—1 HNEECHIRR~0EEI b2 AR EONEEE

3-1—1 HASECEDSEEEE

T/ A XORY VT EEEFRL LTRVAEE. —MRANITSRNAD i thigegt % L
WD L, B - AR~ OXBCEET S0, LPEEHICEST ARTRS
WY ZF VY= (PEG) REKEB¥ v ) FEFREOWIEOHENEEL 25,
—RROCE ¥ YT EROBRAITI. ¥+ ) 7 L AR & OMEERRE LT D,
EEARBRAY & sIRNA & DB, SYAEREHRIC L 5siRNADSHER L icE+ 2 880 Etticy
BT _&ThH 5, sRNAOF ¥ ) 7 ~ORERE, 7L ERKEE, SRS, 16ER
ERWEA rF A L—T a AERETERUDRFM AR TS S 5. £, BAR—ED
ARNZ M R USIRNADR IR & LT\ 3 2 & 2R A7-Hic., ABE L 59
1R L7 RBE D Cin vitroSLIRBRIE A RESI L, %% U 7 7> b OsiRNAD B % T+ 5
_RETHD,

¥ U7 ICHENST BXE. UV R (EETD) - Filkky) 2ResEsD e
T, TOBEEEFIE LB XY | RS - ARR-CIATHIA~ 2R X h 5 A
bdd, MEMSTFEXY U TIEET I, Vb — SRS TORECEEL RIT
VXD IR A RERH D, £, BEESTFRUD Y I—0RF ¥ ) 74
KOV EBERIET I AL EOTEETRETHS, SRV VI—DEFHLE
EThB.

3—1—2 MEA~ORZRZBEDLAIREWE

SIRNA & S0 EM I AR~ S B 72T L, % U 7 DR DBIE b T
RERLRD 35, ]

BN ~DIR Y ASETET BB OFEE LT, BFEOMHH. sRNAK v U 7 ~DIE
BRI A O, MBS FOBAR Y EEWIEOHER L% T b h s,

3—-2 RTEEEbsHELOWETE
v ) TIHERT BREME EOY X7 ZERT DT, v ) THRRS R ONAO
BEDRBELAEEL 25, HCEETXBEEZUTHRTS (4],



3—2—1 Fv ) 7HRERSOEEL

. ASERPEDR L

. RS 1T 7 A VMO OFIA

. HFAAEISERR Y - — OREH, Bk

3—2-—2 BAIOSEREL

. BT A ROBEIL

- EEBEMORER S

. PEGEARIC L 3% v U 7 O P EHE O R UEARESS R~ OBTEOR £

X U7 EREHEORE

- R ERRIRICE LR

3—2—3 ErsiErb

c UHYRRFRLBE—FF 4 WA, LERERTEANE (EGFR) | EWZ
Bk, FTURT =Y LR

. MABSEBENT T RORIR A2 Y

4. FERFRBNCEED 5 WEEH
4—1 SEERRIKWEIERE
% ) 7 CREEET HRNAIOWT, AHIECR LM ZBINCHET 570, B
AeAVTLFRERCIES - BR~0OAHEEETSZ LBEETHS,
. ERCIEEOLEmY:, ORI AEME, polymerase chain reaction (PCR) ¥, &
BOWIER Y55, ERECHIECANFHROBRER L ICHE L. BRY 5.
. WHEESRNAOEE. %% U 7R S NzsRNADEER R E 2 MIERS & L ORR
5, 2L, KAMOSRNAD L 512, A COSRNADEEMEIZ &L - TIERER S
RS OREOHEREERRE b H B,

4—2 JEREERR

EARICEER AV TELS T LA E LA SHRBALETH S, Hic, EMRS
~DEIoin vivole BT B A R A VEEAR Y, B (siRNA) #i#7  BRIicEEL
BN AT T A LERD S, B, BWEORECHEBRT VA 7R ST OV TiL, siRNA
% ) 7 ORHEIZIE UTRAT & Th B, EERNTOREM R 1 S ¥/ EHESRNA
. v U T b LR TRIERG Y~ 0EEABER SN S e, LEITHLT
SIRNABUMIT L 2 SR8 e EET 5 PEETRETHS,

BUTFI. siRNA, %% U 7 2R ENICE W TRET T RETRT 5.

4—2—1 SsiRNAICH¥ETHEME [5]



SIRNADABIISS %% HIIC, SRNADILSEMENS% ¢ U 7 ORMBIC L 5 A RNEE
1 - BEOLOR EARE SN TV B2, MpeRE - ARSI 5 BEEORERICES |
SRNAHRDEEHERF v U 7 L ARKRAOWERAR EOBELEL > 52 LIcHE
TRETHD, MU TOBMLERTS 2 L RRETHS,

+ $eRFHE : Tolllike receptor (TLR) 72 ¥ %4t LI ER O, BRI, R

MEOES
o MM A, MREEE. moRESE Y

EOITh, sRNAKHBHETAEEL L TUTRBT LS,
- BHRRFI~MEAT A LicBRY A5
s EMBEFILSAHNCERT S Z L IcERT A5

L OB AT T AW RB BT 5,

4—2—2 FxUTICHETIEN [4]
Fvl 7#:&%T6f£ﬁt@ﬁ5%& LT, %7 EEHERSEOHAEERICHEST
DZEERFETLRS LD, IALOFEICRETANERD S, B i, BAE R S0 HE

BECXOERESMEL R bBA NS,

5. b FIERERBRICB T ZHERE

70y 7 £EEEKI LNV ERROBBICHET 5 EESHE MMNERSFOXR ) 712
¥ a N R—DRRITHOVT] EAFER0IIPH1S (ER26E18108) @ 133k M)
MHEERRICBOTERTREEE TR LB FEEERT 5,

Bl v FiclRT SEEAL LT, UTOSHAREShTHS,

© AFAAER ¥ ) TS & MEBORAN NS L ORI LB SRR RIS, £, %
) TR & B IEHRRE A AT 5 KSR (Ballarin-Gonzilez B, Howard KA.
Adv Drug Deliv Rev. 2012;64:1717-1729., Akhtar S. Expert Opin Drug Metab Toxicol. 2010:6:1347-1362.,
Lappalainen K, Jaskelfiinen L, Syrjinen K, Urtti A, Syrjinen S. Pharm Res. 1994;11:1127-1131., Lv H, Zhang
S, Wang B, Cui §, Yan I. J Control Release. 2006;114:100-109.)

-ﬁﬁ@?VFUvﬁtléﬁ%%%ﬁ«mﬁﬁ(mmm&BmHmemmmem.
2007;59:164-182., Omidi Y, Holling AJ, Drayton RM, Akhtar S. J Drug Target. 2005;13:431-443.)

© WEOH—F ) ) Fa—7 L DBEFE (Tsukahara T, Haniu H. Mol Cell Biochem. 2011;352:57-63.)

« REENEN

HRFE, BRERE. RELRR Y (Zohik BS, GonzilezFemindez A, Sadrich N,
Dobrovelskaia MA. Endocrinology. 2010;151:458-465.)

5



BE 30
(1] Castanotto D, Rossi JJ. Nature, 2009;457:426-433,
[2] Cabral H, Katacka K. J Control Release. 2014;190:465-476.
[3] [FryrtEAHEI LAVERSORRSICET LS HEKMNERLTOIXEY
T VI3 =N DARICOVT EAFAF01I051E (FR264E1F 10R)
[4] XueHY, Lin S, Wong HL. Nanomedicine (Lond). 2014 ; 9:295-312.
[5] B, EFEDHPI 2011;238:519-523.



BE U777y o Em) |

Reflection paper on nucleic acids (siRNA)-loaded
nanotechnology-based drug products

(March 2016, MHLW, Japan)

Table of Contents

1. Introduction
2. Scope

3.  Quality considerations

3-1  Quality considerations related to pharmacokinetic behavior and delivery to target cells
3-1-1  Considerations related to pharmacokinetic behavior |
3-1-2  Considerations related to delivery to target cells

3-2  Quality considerations related to safety .
3-2-1  Optimization of carrier components
3-2-2  Optimization of properties of the drug product
3-2-3  Targeting delivery

4.  Nonclinical considerations
4-1  Nonclinical pharmacokinetic study
4-2  Nonclinical toxicity study
4-2-1  Toxicity of the siRNA
4-2-2  Toxicity of the carrier

5. Considerations for first-in-human studies

References



1. Introduction

Cﬁn‘éntly, various nucleic acid-based compounds are being developed as medicines. Small
interfering RNAs (siRNAs) comprise a class of dquble—stranded RNA molecules, with 21 to 23
base pairs, which enable sequence-speciﬁé gene silencing by promoting specific degradation of
target mRNAs. Due to their potent' mRNA degradation activity and seqﬁence—speciﬁcity,
siRNAs have been considered potential candidates of pharmaceutical application for over 10
years. In contrast to low-molecular-weight chemical entities, SiRNAs have a high molecular
weight, are negatively charged, and are highly hydrophilic. These physicochemical propetties
make the efficient delivery of siRNAs to target cells difficult, which poses a challenge to their
-pharrhaceutical development. In addition, when injected into the blood by itself, SIRNA is
readily eliminated from the blood by rapid degradation and glomerular filtration through the
kidneys, because of its hydrophilic nature and relatively low molecular weight (less than 20
kDa); these properties are also considered major barriers to its pharmaceutical lapplication. To
overcome these challenges, many novel delivery techniques such as panotechnology-based
carriers (e.g., lipbsomes and polymeric micelles) are under development. =

Electrostatic interactions with a positively charged carrier or covalent hinding are used to
bind siRNAs to a carrier. Moreover, lipids and polymers are used in some formulations to
improve their pharmacokinetic behavior. In most cases, siRNAs are encapsulated in carriers,
while others are not. Most siRNA carriers are incorporated into the cells in the form of
nanoparﬁclés through endocytosis. For subsequent transport of siRNAs into the cytoplasm,
attempts-have been made to engineer the drug product to have an endosomal release mechanism,
This must take place before fusion with the lysosome in order to avoid lysosomal degradation.
Other attempts have included the introduction of chemically modified nucleic acids with
enhanced pharmacodynamic properties and in vivo stability. [1, 2]

This reflection paper addresses some points for consideration when assessing siRNA drug
products made: using npanotechnology-based carriers (hereinafter referred to as nucleic acids
[siRNA]-loaded nanotechnology-based drug product).

2. Scope
While this reflection paper discusses the points to be considered for pharmaceuti'cal
development of nucleic acids (siRNA)-loaded nanotechnology-based drug product, the
prihciples outlined here may be applicable to the pharmaceutical development of nucleic acids
other than siRNA-based products that use nanotechnology-based carriers. With regard to
catrier-specific considerations, the relevant notifications and guideﬁnes [3] should be consulted.
The studiés and evaluations i'equi:ed for each drug prbduct should be determined an a



case-by-case basis, justified by a reasonable rationale that reflects the current academic and

technological advances and the manufacturer’s accumulated experience.

3. Quality considerations

The aims of loading siRNAs on a nanotechnology-based carrier are to improve the in vivo
stability of the siRNA, to deliver the siRNA to the target organ and/or tissue, and, in some cases,
to control the intracellular behavior of the siRNA. As carrier. components have various
functions, the quality of each component may affect the overall quality of the drug product.
Therefore, information on the qﬁality of the components should be provided at the same level of
detail as expected for the active substances. Furthermore, it is important not only to identify the
critical quality attributes that would affect the Safety and efficacy of the drug product,
(particularly the in vivo pharmacokmetlc and pharmacodynanuc properties) but also to establish
test methods for evaluating these quality attributes. If the pha.rmacokmetlc properties are
expected to vary (e.g., in the case of change in the carrier components), detailed evaluation of
quality attributes, as well as nonclinical evaluation, should be performed again after the change
has been made, because the pharmacokinetics of the siRNA depend on the carrier as mentioned
above.

3-1 Quality considerations related to pharmacokinetic behavior and delivery to target
cells

3-1-1 Considerations related to pharmacokinetic behavior
* When nanotechnology-based carriers are used as a means.of delivery, it is important to
control particle size and surface properties made via modification with, for example,
polyethylene glycol (PEG), both of which can affect the retention of siRNAs in the blood
because enhanced blood retention would generally affect its delivery to the target organs and/or
tissues. In general, the carrier is likely to interact with biological components, and thus,
attention should be paid toward the change in stability of the drug product caused by the
substitution -of the siRNA with a biological component, and with subsequent enzymatic
degradation of the siRNA. Loading eﬁiciency of siRNAs onto a carrier can be evaluated by
methods such as gel electrophoresis, fluorescent labeling, or intercalation using fluorescent dye.
In addition, to ensure that the drug product has a conswtent in vivo stability and siRNA release
profile, in vitro test methods using a test solution that approprlately reflects physmlogmal
conditions should be established to evaluate the release of siRNA from the carrier.

Certain products are designed to deliver siRNAs to the target organ, tissue, or cells by active
targeting delivery using functional molecules (e.g., a ligand [targeting moiety] or an antibody)
conjugated to a .carrier. In that case, the conjugation of the functional molecule to the carrier



should be optimized so that the linker does not affect the function of the functional molecule. In
addition, it should be noted that the properties of the functional molecule or linker could affect
the overall properties of the carrier. Therefore, the stability of the linker is also important.

3-1-2 Considerations related to delivery to target cells
- To ensure efficient delivery of the siRNA to the target cells, it is important to control the
quality attributes and the pharmacokinetic influence of the carrier.
Techniques to enhance intracellular uptake include control of particle size as well as surface
properties, including the addition of positive charge to the siRNA carrier, enbancement of

cellular membrane fusion, and conjugation of functional molecules.

32 Quality considerations related to safety
. To reduce the risk derived from carrier-related safety issues, the carrier components and the
properties of drug product should be optimized. Examples to be specifically considered are
described below: [4] |
3-2-1 Optimization of carrier components
e Enhancement of biodegradability
e Use of components with known safety profiles
» Design and optimization of cationic lipids and/or polymers
3-2-2 Optimization of properties of the drug products
. 0ptimization of particle size
« Masking of the positive charge
e PEGylation of the carrier to improve retention of siRNA in the blood and consequent
distribution to the target organ and/or tissue
. ]’_mpi:ovement of stability of siRNA-loaded carrier
e Optimization of the product properties relevant to the intended route of administration
3-2-3 Targeﬁng delivery
o Targeting with a ligand molecule (e.g., epidermal growth factor receptor [EGFR], folate
receptor, or trapsferrin receptor)

e Use of cell membrane-permeable peptides etc.

4. Nonclinical considerations
41 Nonclinical pharmacokinetic study
To appropriately evaluate the efficacy and safety of siRNAs which are generally delivered

with a carrier, it is important to quantify the blood concentration and organ and/or tissue



distribution using the drug product.

e Available assay methods include fluorescent labeling, radioisotope labeling, polymerase
chain reaction (PCR), or mass spectrometry. The appropriate assay should be chosen
based on the characteristics of the labeling method or sensitivity of the analytical
technique.

* The concentrations of unloaded siRNA, siRNA loaded on the carrier, and total siRNA
should be measured. Depending on the stability of siRNA in the blood, it may be difficult
to measure concentrations of unloaded siRNA (e.g.,l in case of natural siRNAs).

4-2  Nonclinical toxicity study

In princijale, toxicity studies of nucleic acids (siRNA)-loaded nanotechnology-based drug
products should be equjvalent to those of low-molecular-weight chemical compounds. More.
specifically, the effects on the target organ and the toxicity effects of nucleic acids
(siRNA)-loaded nanotechnology-based drug products, such as in vivo cytokine production,
should be evaluated. The selection of animal species and study design should be based oﬁ the
specific characteristics of the properties of the siRNA or the carriet. When released from the
carrier, siRNAs bhemica_lly modified to improve in vivo stability ére likely to accumulate in the
kidney, which raises toxicity concerns. Therefore, toxicity studies of siRNA .alone should be
conducted where necessary.

Furthermore, the following factors should be considered regarding siRNAs and their carriers:

4-2-1 Toxicity of the siRNA [5]

. To improve the pharmacokinetic behavior of siRNAs, attempts have been made to modify the
siRNA chemically and/or to use the carrier to improve both its in vive stability and enhance its
targeting delivery. On the other hand, it must be noted that prolonged retention of siRNA in
blood and organs and/or tissues could increase siRNA-associated toxicity, and toxicological
concerns of interactions between the carrier and the biological components. In general, the
following types of toxicity should be considered.

= [Immunotoxicity: Activation of the immune system mediated by certain types of Toll-like
receptors (TLRs), complement activation, and variations in immﬁne cells
» Hematotoxicity: Hemolysis, blood coagulation, and platelet aggregation
In addition, siRNAs may cause other types of toxicity::
e Toxicity caused by their action on the target sequence
*» Toxicity caused by their action on non-target sequences

Appropriate test methods to evaluate these toxicities should be employed.



4-2-2 Torxicity of the carrier [4]
Safety issues relevant to carriers, such as the toxicity derived from interactions between the

carrie_f and biological components, should be addressed.! In addition, accumulation following

muitiple doses and/or long-term administration may raise safety issues.

5. Considerations for first-in-human studies

For first-inhuman studies of nucleic acids (siRNA)-loaded nanotechnology-based drug
products, the principles described in “Section 3.3 Considerations for first-in-human studies” in
the PFSB/ELD- Notification No. 0110-1" “Joint MHLW/EMA reflection paper on the
development of block copolymer micelle medicinal- products” (dated January 10, 2014) should

be considered.
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! The following cases have been reported as 1ssues relevant to carriers
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. Inflammatory reactions and cytotoxicity caused by interactions of cationic carrier components with plasma

membranes and organelles, or inflammatory reactions and cytotoxicity caused by oxygen radical production
induced by the carrier components (Ballarin-Gonzdlez B, Howard KA. Adv. Drug Deliv Rev.
2012;64:1717-1729., Akhtar 8. Expert Opin Drug Metab Toxicol. 2010;6:1347-1362., Lappalainen. K,
Jaziskeldinen I, Syrjdnen K, Urtti A, Syrjéinen S. Pharm Res. 1994;11:1127-1131,, Lv H, Zhang S, Wang B,
Cui S, Yan . J Control Release. 2006;114:100-109.)

Effects on genc cxpression camsed by specific dendrimers (Akhtar S, Benter I. Adv Dmg Deliv Rev.
2007;59:164-182., Omidi Y, Hollins AJ, Drayton RM, Akhtar §. J Drug Target. 2005;13:431-443.) y
Genotoxicity “caused by specific carbon namotubes (Tsukahara T, Haniu H. Mol Cell Biochem.
2011:352:57-63.) _ .

Immunetoxicity: hematotoxicity, hypersensitivity teactions, and inflammatory reactions etc. (Zolnik BS,
Gonzilez-Ferndndez A, Sadrich N, Dobrovolskaia MA. Endocrinology. 2010;151:458-465.)



