- -~ Modification of Small Molecule Drug Methods to Confirm Drug Safety of Large Double Stranded siRNA .,. Oy 30,

- ] — .’.L-.
( ! PS ' Biotherapeutics ’F Yt
Timothy Snow’; Limin Deng’; Amelie Chen’; Nicholas White'!; Wenbin Liu'; Zamas Lam’; Ragu Ramanathan’

CUSTOM-BUILT RESEARCH" 1. QPS, LLC, Newark, DE

Structures of Three siRNA’s Patisiran®, Givosiran®, Patisiran®, Givisiran®, and Lumasiran® Metabolites Patisiran AS Human HepatoPac Metabolites
Lumasiran®, and L-96 GalNAc Terminal Group Human HepatoPac Over 168 hr comonen — cerme] s o | Percntof Toa

BACKGROUND

The U.S. FDA has issued guidance for Metabolites in Safety A) Patisiran (Onpattro®) (all PO linkages; sodium salt; MW = 14,304 Da; LNP formulation) Patisiran AS Human HepatoPac Metabolites Patisiran SS Human HepatoPac Metabolites AS rArUIGHGrArAmUAICrUICUIURGHGrUmUrArCdTdT 746 | 665692 | 91.0% | ND | ND

. AS(N-1)5' rUrGrGrArAmUrArCrUrCrUrUrGrGrUmUrArCdTdT 7.19 6327.87 | 0.1% ND ND
. . . . . . . 5’ cAcel)-G =G —A-A--LU"-A--C-UU-C- U U A==C-dT-dT-3' - 0hr AS(N-1)3' rArUrGrGrArAmUrArCrUrCrUrUrGrGrUmUrArCdT 7.18 6352.87 | 8.1% | ND | ND
Testing (MIST) which includes characterization and quantitation | B FI o g‘fi l é J: i g | N E AS(N-DS FGrGrAFAMUFAICAUICE U UnGrGrUmUrArCATdT 705 | 602184 | 02% | ND | ND
fd t b I't d t d t . f t Th 'd 3-dT-dT-U"-A-C*-C"-U"-U"-A-U"-G-A-G- “A=As -9 o AS(N-3)3' rArUrGrGrArAmUrArCrUrCrUrUrGrGrUmUrA 6.84 5743.76 | 02% | ND | ND
OT drug metabolites used 10 determine satety. e guidance

ta rg etS Sma” mOIGCUIG drug meta bO“teS bUt the same QUIdanCG N A I T I A I O O | | . (N5 (N3 | DS =] s phosisoeag TS S phos NSN3 or AS(N-2)5'(N-3)3' rGrGrArAmUrArCrUrCrUrUrGrGrUmUrA 625 | 5108.71 | ND | 7.7% | 0.4%
_ _ _ L96-3-A% eV e e U CPLU AT HC- U G- UG- UG -A™ G -AT-AT-AT.G-(PS)-A" ( PS)-C*.5 S L\ oS e | S(N-3)5(N-4)3-phos 33 AS(N-2)5'(N-4)3' rGrGrArAmUrArCrUrCrUrUrGrGrUmU 593 | 4779.66 | ND | 1.0% | ND
r R T T T phos-AS(N-1)5'(N-6)3' phos-rUrGrGrArAmUrArCrUrCrUrUrGrG 581 | 453958 | ND | 0.3% | ND
can be Used tO eStImate the Safety Of Iarger blOlOglC drugs’ SUCh C) Lumasiran (Oxlumo®) (all PO linkages exceptthose noted; sodium salt; MW = 17,286 Da) e - SRR S&‘W ‘ AS(N-1)5'(N-6)3' rUrGrGrArAmUrArCrUrCrUrUrGrG 519 | 4459.62 | ND | 1.0% | ND
. . . ’ 1 na s A& IS . a & & Ak . s a e a s a s = °° (N-2)5’(N-3)3’ : S(N- 3)5(N 4)3' I ' ' AS(N-2)5'(N-6)3' rGrGrArAmUrArCrUrCrUrUrGrG 4.64 4153.59 ND | 89.3% | 98.5%

as SIRNA therapeutlcs We used three CommerCIaI double 5 li| -{PS}-MI-{PS}-U] -Al U -fU-UI-f(.‘.lﬁf(jl--AI -G G-I -A*fU-.G*fA-A*-A*.G" oo e e U e e . .C* { PS)-C*-(PS)-A* -3 - phos(NDS (N-2)3 =1 Sphos(N-4)S(N-3)3'0 /\\ S hos SN2 or D ot doteoned

I l ] I ] | | 4 S(N-3)5'(N-4)3-phos
a 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 Tot
.
A SC=- U

. . . . . . . L96-3'.A" U AU -A"-A"-A"A"L3"-U"-I0L-IC -U-A" U*.C*".(PS)-A"(PS).G".Y’
stranded siRNA drugs in a series of inter-species, in vitro, 2 cwon Givosiran AS Human HepatoPac Metabolites Givosiran SS Human HepatoPac Metabolites — — N R B T T

N_O
qualitative and quantitative metabolite characterization o °NY K/\ o T ; A ARG ARG AU UnCCrAmETaT | 852 | 676108 [sa 7] b | N
(N-5)5" (N-2)5 (N-1)5 /]:(\1)5

AS S(N-1)3°

- . S(N-3)5
g i . ! . g i e B I R B e e N N o artifact ¢ N-9)s° SN (DI s / \\ AS(N-5)5' rAmUrArCrUrCrUrUrGrGrUmUrArCdTdT 6.83 5002.70 | 0.7% | ND | ND
B) Givosiran (Givlaari®) (all PO linkages except those specified; sodium salt; MW = 17,245.56 Da) - | i T e e phos-AS(N-2)5'(N-2)3' phos-rGrGrArAmUrArCrUrCrUrUrGrGrUmUrArC 6.58 | 549372 | ND | 0.3% | 1.0%

5“U"{P5}.1A.{P5]‘fq‘fG.A“IU.G"fA“G‘.lA“C‘.fA..C"[U“C'.fU.U‘.fU_.C'_“-“.fU“.._.._G"[PS}.G'.(PS]‘U'.3' = 2TE-o3 (N-2)S’(N-3)3’ : soesayzor ' AS(N-2)5'(N-2)3' rGrGrArAmUrArCrUrCrUrUrGrGrUmUrArC 6.33 5413.75 | ND | 0.4% | ND

Patisiran SS Human HepatoPac Metabolites

HO CH.OH \ S(N-1)3' rGmUrArAmCmCrArArGrArGmUrAmUmUmCmCrAmUdT 8.69 6457.05 | 12.0% | ND ND
2

experlments US|ng modlfled Sma” molecule procedures to Where L96 is || ! o o__/\/\rr W"\I\/\’ \} )\va\/\( - K S(N-3)5' rAmCmCrArArGrArGmUrAmUmUmCmCrAmUdTdT 8.72 5766.94 | 33% | ND | ND

e NHAc

S(N-3)5'(N-1)3' rGmUrArAmCmCrArArGrArGmUrAmUmUmCmCrA-phos 8.37 5462.89 | 0.2% ND ND

S(N-3)3' rGmUrArAmCmCrArArGrArGmUrAmUmUmCmCrA 8.12 5832.94 ND 0.4% ND

S-phos(N-3)5'(N-2)3' phos-mAMCMCrArArGrArGmUrAmUmUmCmCrAmU 7.88 5238.81 ND 7.5% | 14.0%
S(N-9)5' rArGmUrAmUmUmCmCrAmUdTdT 7.57 3796.62 | 1.3% | ND ND

confirm internal process to establish similar confidence for MIST. Ho_con 35 S | f Sv4)3 GmUrAAMCTCATAIGHAGmUrAmUnUmCmC 701 | ssoss0 | ND_|85.3% | 120%
\/\/\l’ W" :
S(N-1)5 S-1Gal

NHAc A :
’ = 5.1 ;\2 5.3' 54 55 56 5.7 5.8 59 ;5.0 6.1 6.2 6.3 6.4 6.5 6.;7 6.7 6.8 6.9 70- 71 7.2 7'.3‘ 74 75 7.6‘ 77/“ 7.8’ ;\9 0.0e0 — s mCmCrArArGrAerUrAmUmUmCmCrA
000 ime. mi 76 7.7 78 79 80 81 82 83 84 85 86 87 838 89 90 EXl 92 973 94 95 9’6 97 98 B S N_4 5' N_3 3' s N_3 5' N_4 3' 7'53 4509”75 ND 2'9(y 2.9(y
M E I H O D S (A) Patisiran (B) Givosiran and (C) Lumasiran . (B) and (C) are both siRNAs in which the sense (or passenger) o " ' (N-4)5(N-3)3" or S(N-3)5'(N-4) rAmCmCrArArGrArGmUrAmUmUmCmC ° ’

strand is covalently linked to three GalNAc moieties facilitating the delivery via the guide strand, also 0 ' S-phos(N-4)5'(N-3)3' phos-mCmCrArArGrArGmUrAmUmUmCmCrA 7.48 4589.72 ND 3.8% | 11.1%
containing two 3’-overhang ribonucleotides connected through phosphorothioate (PS) linkages. d = Thymine. e S(N-9)5'(N-1)3' rArGmUrAMUmUmCmCrAmUdT 7.14 349257 6% ND ND

Example siRNA drugs Patisiran®, Givosiran®, and A=Adenine, C=Cytosine, G=Guanine, U=Uraci; d = deory; = 2luoro; * =2-methory. . -~ T . o osiran AS Human HepatoPac Metabolites
Lumasiran®, were incubated in rat, monkey, and human liver RESULTS and CONCLUS'ONS Lumasiran AS Human HepatoPac Metabolites Lumasiran SS Human HepatoPac Metabolites Component Sequence Rt Time )1 [ _Persentol Tgul_
HepatoPac®. Each of the samples were solid-phase extracted, There were no disproportional nor unique human . EJ f oS o | TASTAOmA OO AROARC MU RCORROR0 o | o | ey 2
using Clarity OTX 96-well plates (mixed mode AX). All extracted metabolites in any of the siRNA's so here we will only report = - (j\ - -
samples were analyzed by UPLC/Q-TOF-HRMS (Shimadzu LC-  HepatoPac results from human. Both AS and SS strands, in = | j\ e /A \< Givosiran SS Human HepatoPac Metabolites

S(N-2)5° thru
S(N-6)5’ &?
VsNs Ss70)

S(N-1)5°

ND = not detected

S(N 6)55(

Component Sequence Ret. Time

AS(N-1)3' mUSfASFAfGmAfUmGFAMGFAMCFAMCIUMCfUMUfUMCHUmGsmG 708 17223991 L% | 26.0% | 38.2%
s(N-1)5'(N-1)3' SfASFAfGmMAfUmGFAMGIAMCIAMCf UMCIUmUfUmCIUmGsmG 6.89 6864.04 ND 0.3% 0.6%
30AD/Sciex 6600%) in the negative ESI mode. Chromatographic Patisiran showed extensive metabolism over 168 hrs. e S ./ W ©v  [ow [ ocw | 1w
. . . ] ] ] : ‘ . o] S mCsmAsmGMAMAMATGMAfGMUIGmUfCmUfCmAMUmCmUmUmA-L96 8.88 8732.02 98.(1 %o 97.1 ) 95 .90A>
separation using an Acquity BEH C18, 130A, 1.7 um, 2.1 x 50 Givosiran and Lumasiran AS and SS strands were more - ”;j\ - o g T e o e s oy T isocos T 1ot T it |
mm (Waters) column with the ion-pairing mobile phases resistant to metabolism than Patisiran, likely due to the
_ , , _ o _ _ _ _ Lumarsiran AS Human HepatoPac Metabolites
A:aq:DIPA:HFIP and B: aq:MeOH:DIPA:HFIP. phosphorothioate groups located near the 3’ and 5’ terminal exhibited esterase metabolism resulting in the sequential cleavage MW Percent of Total

Component  Sequence Ret.Time| 1y ) Ohr | 96hr [ 168 hr

Observed accurate mass molecular ions of parents and ends. For all three antisense strands tested, two types of of the N-acetyl-galactosamine (L-96) groups. ASNDT | ThsmUmAMUUMURTOmAmGmamATmGTAmAmARGmUmGonComs. | 740 725112 | 03% | 03% | 0%
. . . . . ] ] ] ] . . . . . . AS(N-1)3' MUsfAsmUmAmMUfUmUfCfCMAmMGmGmA{fUnGFAMAMAMGmUmCsmC 7.25 7268.1 0.4% 9.7% 13.2%
metabolites were used to confirm, identify, and profile the metabolites were observed: loss of oligo groups, primarily Quantitative calculations all assume similar extraction recovery
metabolites by comparing to its theoretically calculated M,,. The exonuclease activity at the (N-x)3" and (N-x)5" ends. Some of of the metabolites, equal mass spectral response for parents and
concentration of the parent strands and metabolites of the test these metabolites with larger sections of the oligonucleotide metabolites, and a linear HRMS response over the concentration Comporent Sequence ReuTine| . | “gur | ssur | 165

S mGsMAsmCmUmUmUfCmAfUfCfCmUmGmMmGmMAmMAMAMUMAmMUmMA-L96 9.24 8704.01 | 78.1% 77.2% 78.3%

siRNA's were calculated relative to an analogue IS. The peak cleaved could also be result of endonuclease activity. range. These results should be considered semi-quantitative, el e A AR Am AT RARUMA | 9 S e e

S-1Gal mGsMAsmMCmUmUmUfCmAfUfCfCmUmGmMGmMAmMAMAmMUmMAmMUmMA-L96-1Gal 9.34 8501.94 0.2% 0.5% 0.9%
S(N-1)5' MASsMCmUmUmUfCmA fUfCfCmUmGmMGmMAmMAMAMUmMAmMUmMA-L96 9.26 8329.98 3.3% 3.2% 3.0%

areas of the metabolites were then compared to the The sense strand for all three test compounds also however, still useful to identify preclinical coverage for metabolites S6>0) | mGmAsmCmUmUmURCmAUICICmUmGmGmAmAmAmUmAmURA-L96 | 916 | 868803 | 14% | L% | 14%

S(N-2)5' mCmUmUmUfCmAfUfCfCmUmMGMGmMAmMAMAmMUmMAmMUMA-L96 9.00 7970.93 2.4% 2.6% 2.3%

corresponding parent strand peak areas. Only metabolites found exhibited 3’ and 5’ exonuclease metabolism. The GalNAc which might require future testing. These results suggest that T o nonOnARA AU A LS o TELS e A | A
S(N-5)5' mUfCmAfUfCICmUmMGMGmMAmAMAmMUmMAmMUmMA-L96 9.02 7011.79 | 2.4% 2.5% 2.4%

to be above 1.0% of the administered dose were reported, which  terminal group for Givosiran and Lumasiran both also Patisiran would make an excellent positive control and Givosiran SN0 CmARURCCmUmGmGmAmAmAmUBAmURA-L9S 05 | 669173 | 57 | 37% | 3.5%

S(N-7)5' mAfUfCfCmUmGmMGmAMAmMAMUmMAMUmMA-L96 8.89 | 6384.72 | 2.2% 1.8% 1.5%

is 10x lower than outlined in MIST FDA guidance. and Lumasiran excellent negative controls for future studies.

Lumasiran SS Human HepatoPac Metabolites



Presenter
Presentation Notes
Escape Case Study, plus others including Cadent
Notes:
In Powerpoint, click View > Guides
Keep text within gutter guides.
Author list: Don’t split names onto two lines (e.g., “Jimmy [break] Smith”). If that happens, use a new line, unless you need the space. Bold the first names of anybody who’s presenting in person.
Intro/methods/result: Do not drop below font size 28, but if you have extra space, jack up the font size until the space is full.
Do not use color in the sidebars except in graphs/figures. It’ll pull attention from the center and slow interpretation for passersby.

72 inches (6 feet) x 36 inches (3 feet)

https://www.sciencedirect.com/topics/medicine-and-dentistry/patisiran
https://www.sciencedirect.com/topics/medicine-and-dentistry/givosiran
https://www.sciencedirect.com/topics/medicine-and-dentistry/lumasiran
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/ribonucleotide

	(A) Patisiran  (B) Givosiran and (C) Lumasiran . (B) and (C) are both siRNAs in which the sense (or passenger) strand is covalently linked to  three GalNAc moieties facilitating the delivery via the guide strand, also containing two 3′-overhang ribonucleotides connected through phosphorothioate (PS) linkages. d = Thymine. A=Adenine, C=Cytosine, G=Guanine, U=Uracil; d = deoxy; f = 2′-fluoro; * = 2′-methoxy.

