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Bk ‘ Pros ‘ Cons
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10t JBF symposium, DG2018-36 (http://bioanalysisforum.jp/images/2019_10th]JBFS/DG2018-36.pdf) with slight modifications.
Bioanalysis. 2011, 3:1109-1120. Bioanalysis. 2011, 3:1299-1303. AAPS J. 2012, 14:772-80.J Pharm Sci. 2001, F90:182-93
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Liu et al., Int J Mol Sci, 2022;23:15474.
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Bioanalysis. 2011, 3:1109-1120. Bioanalysis. 2011, 3:1299-1303. AAPS J. 2012, 14:772-80.J Pharm Sci. 2001, F90:182-93
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ZEEZEmOFKRmE CTRHULWSNIZEFRABREYRE> A (M3RE)

PITFE mhFE BIIE

Vitravene VoFt R N/A N/A N/A N/A N/A
Macugen 7Y — Hybridization ELISA N/A N/A N/A N/A
Kynamro 7>F 1> X Hybridization ELISA N/A N/A N/A 0.23-30.4 ng/mL
< < HPLC SINDE Low: 10-1,000 ng/mL
-7 !
2SS FIEA aoemy) zwems  (OOHL MR High: 1,000-20,000 ng/mL
spinraza TIFtEIR HHV%'S(;ZSESQI,]E'E‘ILSAA N/A N/A N/A N/A
Tegsedi J7>F1> X Hybridization ELISA N/A N/A N/A 1-200 ng/mL
. HPLC
Onpattro SiIRNA (YR N/A 30 pL N/A 1-250 ng/mL
o . LC/MS(HRAM) LC/HRAM: 20-1,000 ng/mL
ClvlzEr SR LC/MS/MS e R R LC/MS/MS: 10-5,000 ng/mL
< < Low: 34.8% Low:10-1,000 ng/mL
-7 14
Vyondys>3 FoFerA LC/MS/MS SPE N/A High: 41.8% High: no information
. - - Low: 67.5%-74.3% Low: 20-1,000 ng/mL
-7 !
Viltepso 7UFEIR LC/MS/MS SPE N/A High: 69.0%-84.5%  High: 500-50,000 ng/mL
. Antisense: 95.2%
Oxlumo SiRNA LC/TOF-MS SPE 100 pL Sense: 92 3% 10-10,000 ng/mL
N N Low: 30.9%-41.4% Low: 10-2,000 ng/mL
-7 !
AMRIEERS  Frerezss eyl SPE N/A High: 25.2%-26.4%  High: 1000-2,00000 ng/mL
Leqgvio SIRNA LC/TOF-MS SPE N/A N/A 10-10,000 ng/mL
1 . 0/ - 0)
Amvuttra SIRNA LC/MS-HRMS LLE N SEESnEe: 62055628 10-1,000 ng/mL

Sense:60.7%-69.4%

N/A; not applicable. This table was made based on the reports on clinical pharmacology and biopharmaceutics reviews in the FDA website.
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Golodirsen Vitolarsen Casimersen Givosiran Lumasiran Inclisiran Vutrisiran
Antisense Antisense | siRNA | | siRNA |
— : SRP-4044 . An siRNA o .
PRiR = ahe (antisense [Morpholino]) w/0 detailed information e
ESEHE Low: 10-1000 Low: 20-1000 Low:1 0-2000 LC/MS(HRAM): 20-1000
(ng/mL) High: not specified High: 500-50000 High: 1000-200000 LC/MS/MS: 10-5000 UL LU DT
(2 Low: 0.9965 _ Low: 0.9978 ) ) _ Antisense: 0.9955
EHRIE(r) High: N/A 0.990-0.995 High: 0.9983 Sense: 0.9966
R =R Low: 34.8% Low: 67.5% - 74.3% Low: 30.9% - 41.4% i Antisense: 95.2% ) Antisense: 62.1% - 66.21%
(IS(FE=) High: 41.8% High: 69.0% - 84.5% High: 25.2% - 26.4% Sense: 92.3% Sense: 60.7% - 69.4%
e ) } ) ) ) ) > 20% for
FrU—A-N No impact No impact both antisense& sense
BE (HR) Low: -9.3% - 11.7% Low: 1.0% - 13.0% Low: -5.0% - 5.0% <15% Antisense: -9.2% - 14.4%JAntisense: -9.1% - 11.8%| Antisense: -8.1% - 11.0%
=== High: -6.3% - 13.0% High: 1.0% - 6.4% High: -7.1% - 3.3% (£20% LLOQ) Sense: -11.2% - 18.1% Sense: 0.1% - 5.8% Sense: 1.0% - 12.0%
BE (BR) Low: 1.4% - 7.6% Low: 1.7% - 9.8% Low: 0.9% - 4.3% <15% Antisense: 1.3% - 6.7% |Antisense: 1.0% - 12.8% | Antisense: 2.8% - 10.2%
Ri= High: 0.2% - 2.0% High: 2.7% - 9.1% High: 1.4% - 3.7% (£20% LLOQ) Sense: 1.9% - 10.5% Sense: 2.5% - 11.4% Sense: 1.1% - 12.0%
HE (HR) Low: -0.7% - 2.0% Low: 0.5% - 3.0% Low: -2.1% - 2.4% <15% Antisense: -6.3% - 11.2%| Antisense: 0.1% - 5.8% | Antisense: -4.0% - 1.0%
i High: -2.7% - 6.0% High: 1.2% -2.0% High: -5.0% -1.3% (£20% LLOQ) Sense: 7.5% - 14.5% Sense: 0.5% - 12.8% Sense: -6.7% - 6.0%
YR (5 Low: 7.2% - 10.4% Low: 4.7% - 12.0% Low: 2.2% - 3.4% <15% Antisense: 3.3% - 7.0% |Antisense: 4.2% - 11.1%| Antisense: 3.8% - 11.3%
B High: 2.6% - 8.8% High: 4.8% - 6.7% High: 0.4% - 4.4% (£20% LLOQ) Sense: 4.1% - 11.2% Sense: 5.1% - 11.2% Sense:1.9% - 10.4%
6 hrs, RT 16 hrs, RT
\Y By ’ — - 4 - -
Z I\\Ja;ﬁﬁiﬁ 86 days, 5°C 94 daysl RT 76 days, -20°C
Mmepse=E N - - 24 hrs, RT - 24 hrs, RT 24 hrs, RT 6 hrs, 5°C; 24 hrs, RT
. _ _ Low: 1456 days, -20°C ) 363 days, 367 days, 64 days, -20 °C
M RAREE High: 1321 days, -20°C -20°C and -70°C -20°C and -70°C 69 days, -70 °C
5 ey Low: 48 hrs, RT Low: 95 hrs, RT } B o
N =ZE N High: 185 hrs, RT 48 hrs, RT High: 119 hrs, RT 120 hrs, RT 121 hrs, 5°C
= y 5n0 5n0 ) 5n0 _ono 5n0 _—no| 4 cycles; frozen at -20 °C
RiERAR R EM 4 cycles 5 cycles, -20°C 5 cycles, -20°C 5 cycles, -20°C and -70°C|5 cycles, -20°C and -70°C /-70°C. thawed at 5 °C
HIRDOZYE - - - - 200-fold <15% RE, Precision 10-fold
o <20% LLOQ
IR (Ow M) None, 6 lots None None, 6 lots - <2<05/2/L}_SOQ <5% IS - I\'Jl\l\grglxé“};%sﬁiﬁﬁ
° < U w O ZNRE RN $
EIRME (Gamm) No impact - - - No impact No impact -
IR (SHEIMEE) - - - - No impact No impact -
RN No inference

LC/MSIC KX DB GR xﬁ’a‘lﬁﬁnn@ﬁ#ﬁ'ﬂi\ Eﬁﬁwﬁﬁ?l‘iﬁmdbﬂiﬁiuﬁﬂqﬂﬁw REDMEINUFT—>3>h4A I*‘j*f > (ICH
M10%5) ZE(C. PEDIRENRENTNS, U UEHKS. ZORERBRRAFEMBZ ECESDENGDIDONRIRTHS. 5
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10th JBF symposium, DG2018-36
(http://bioanalysisforum.jp/images/2019_10thIJBFS/DG2018-36.pdf)
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LC/MSIC KB T7 2 F P AERMOEMRIAIFRE (IMPEE) OREL(CEITT,
STEP1 : SRR B EDINETC X D BREEZEDEE R UMREE

STEP2 : MEHBEEN T2 FIA UICAEZEDS i ERGHER (517585

<D RIUEEEZE m>

Mipomersen (S-oligo, 2’-MOE {&£ff)

- KRS I L X0 LI AEE

- B TF#%5(C,. : approx. 1-8 pg/mL)

- 20-merdD 7’ > F 2 A EFm

<PMEMREDF>

Mipomersen &1#& (S-oligo) + 2’-OMe {Efff
(ZEUERMBENMEtZHVWCRIERTHER)
Mipomersen &1& (S-oligo) + LNA {Eff
(ERFREeBEEEDETZAVWTRERTHEA)

<P FE>

Clarity OTXZ U \/Z[EtHifH

<DFE>

A A RT7HEZ BAULZLC/MST
<)\UF—=3 > iiRARE>

STEP1:1&E#xk, BE, &, &ER%, ++vU—A—/(—,
STEP2:1&E#xk, BE, &, &ER%, v U —A—/(—
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Kit : Clarity OTX SPE plate(25mg/well, Phenomenex) T r—
E=FIR Ees
1. B> T )RR
Mipomersen =% ik 5-2500 ng/mL, 10 pL
REDFBR 500 ng/mL, 20 pL  (&#&EE 100 ng/mL)
J—I)LSw hmEE 100 L
Lysis-Loading buffer 100 pL
2. BfEO’L—bOFEE (BAET)
2-1. X5 J—)UICKBDFEEIL
wHlE 250 pL
2-2. FEHERIC KD EEAL
EEMEARDFERK 50 mM aqg. NH4OAc (pH5.5)
wHNE 250 pL
3. 9>7)0—R (RE)
)= 1. CTRELED>T)L2=
3.B#87'L— bDi%iF (IRE)
3-1. FEHERICK DS
V)| l==s 500 pL
3-2. FRRICK DR
e oot 513 50 mM aqg. NH,OAc (pH5.5) / ACN(1/1)
NIE - FoiROIER 500 pL x 2@
4.8 (ED)
AHTRAERR 100 mM ag. NH4HCOs (pH10.0) / ACN (1/1,v/V)
NS 500 pL

5. 2B (REI/URL—5—)
1.5 B¥fi . 40°C
5. BiafE& J 1 )Ly -
K/ A5 _J—)L (80/20, v/v), 50 uL
0.22 um PVDFfE

Sun et al., Bioanalysis 2020;12:1739-1756. 1>

NH,OAc; BfiE)7>E="D /x. ACN; & F=KUJL. NH,HCO;; REEKZFI>EZD L.



MipomersenDD &4 (SR HEFEEIMS)

LC Vanquish (Thermo Fisher Scientific) HRMS QExactive plus (Thermo Fisher Scientific)
Analytical Triart C8 metal free [S-1.9 um, 12 nm, Mode PRM
column 2.1x100 mm] (YMC) Polarity Negative
Column temp. 50 C Scan range 50-6000 m/z
Mobile phase A Water/TEA/HFIP (1000/4/20,v/v/V) Ion spray voltage 4 kV
Mobile phase B Methanol /TEA/HFIP (1000/4/20,v/v/V) Capillary temperature | 350°C
Autosampler rinse solution | Water/methanol (1:1,v/v) AUX gas heater 350°C
AUX gas 10
Flow rate 0.3 mL/min
S Ion sweep gas 1
Injection volume 10 pL Sheath gas 40
. - PRSI o . S-Lens RF level 80
BEHAGEAETHE. HPLCRERN\A AT NF 1 TILELH 3 (. bl
Ja1—XR2UBDEEZFIA AGC target 2x10*
time
Gradient N NCE 100
¢ mobile bh | Isolation window 2m/z
P t i B; . . o o — — -
ercen_ ormo _'e phase ' 8.00 min-8.10 min  10% > 90% ! MS transitions Precursor ions (m/z) Product ion (m/z)
-3.00 min-0.00 min  10% 8.10 min-9.00 min  90% -
. ) Mipomersen 2390.9678 (z3) 94.9362
0.00 min-5.00 min  10% > 40% 9.00 Min-9.10 min 90% > 10% 1793.0110 (24) [Pozs]_
5.00 min-5.10 min  40% > 70% 9,10 min-10.00 min 10% 896.1335 (z8)
5.10 min-7.00 min  70% . in-10. i % % .
s 0 1000 minti0.40min 10% > 50% Mipomersen-LNA 2237.5125 (23) 94.9362
7.00 min-7.10 min 70% > 10% 10.10 min-11.00 min 90% (internal Standal‘d, 1677.9116 (24) [Pozs]_

7.10 min-8.00 min 10%

11.00 min-11.10 min 90% > 10%

IS)

838.4558 (z8)

Sun et al., Bioanalysis 2020;12:1739-1756.
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JUF—> 3 >mBRDEER

IR E LGS
EE§HE 0.5 ng/mL - 250 ng/mL
EfE (—REZ. 1/XPEHDF) 0.997 (r %f&)
FvU—A—)\— FRHE (mipomersen’kUS)
HAEE 102.8% - 116.5% (E=FIR)
HARE 4.2% - 8.0%
HEIREE 96.9% - 110.0%
HEGE 4.4% - 10.3%
BRI thESTJFILIRL (60w bDSw NS
S bUYOXZHR HE:; 92.8% - 106.3%, 16&E; 4.1% - 6.0%
RSB RESE =E. 4 CT4EB/M%EZE
RIPEAHPDPRZES -80°CIRE CINALRE
ARG AR ENE -80°CTCHMFiEmIAR R CEE
bR =ZE 4°CT4BRTE
FBIROZHE 10018/ATR

K U= 2RGERERGERDICH M10A 1 RS51 > DEEEATHO I Eh 5. BREHNDOBIRMEDEVVAIE

FraEMETELELBEAENIE,

Sun et al., Bioanalysis 2020;12:1739-1756.




MipomersenDEARDITFEMSF (ZEMEEEMS)

LC Nexera X2 (Shimadzu)

Analytical X Bridge BEH C18 [2.5 ym, 2.1 x 50 mm]
column (Waters)

Column temp. | 50 C

Mobile phase A

Water/Methanol/ TEA/HFIP/Acetylacetone
(900/100/4/20/0.1,v/v/v/v/V)

Mobile phase B

Methanol/Water/TEA/HFIP/Acetylacetone
(900/100/4/20/0.1,v/v/v/Vv/V)

Autosampler
rinse solution

Water/Methanol/2-propanol/Acetylacetone

(500/250/250/2,v/v/v/Vv)

Injection
volume

5uL

Gradient

100

Gradient Curve

80 -

80 -

% B

a0l

20

0

| — S

0.0

0.00-7.00min
FR3ER0.3mL/min

5.0 10.0
Time {min.}

13.0

JIAFIINIY—
RETO2MHIC
BFd&BEDERE
IR&BGILDT=8I(C
7eEFILTFER>
(FL—hHE)ZE
Bh#H(CHExhN

7.01-13.00min (&5)
FRE0.45mL/min

MS QTRAP 5500 (AB SCIEX)
Polarity Negative
[on spray voltage -4500 V
CUR 30 psi
TEM 450°C
GS1 80 psi
GS2 80 psi
CAD 10
DP -135V
CXP -11V
CE (mipomersen) -140 V
CE (mipomersen-2'‘0OMe) -120 V
Dwell 120msec

MS transitions Precursor ion (m/z) Production (m/z)

Mipomersen 796.4 (29) 95.0 [PO,S]
Mipomersen- )
OMe (IS) 738.2 (29) 95.0 [PO,S]

Sun et al., Bioanalysis 2022;18:1213-1227.
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Kit : Clarity OTX SPE plate(25mg/well, Phenomenex)

v MENSDZRAILE S+

E=FIR

&fF

1. B> T )LaAR

2. BB’ L— hOEEHE (BAET)

2-1. X5 J—)LICKDFEiE
2-2. FELRIC KD FEL

3.5>7)0—R (RE)

3.ElT L — hDiki% (iRE)
3-1. FEHLRIC K DikF

3-2. FFRIC KDL
4.5 GED)

5. ZE (ZFRKHT)
5. BigfE& J 1 L5 —0E

Mipomersen 1Z# @&
NEDFBER
J—)LZwv ~miE
Lysis-Loading buffer

wINE

T ERODER

WNINE

AN

Hein

wINE

ey EN DY
WINE - oiREIER

A HRGERK

wINE

10 - 5,000 ng/mL, 10 pL
250 ng/mL, 20 pL (&%#&EE 50 ng/mL)
100 uL
250 pL
250 pL

50 mM NaH,PO4aq (pH5.5)
250 pL

1. TRHELET>TILEE

500 pL

100 mM NaH,PO,aq (pH5.5)/ACN (1/1, v/v)
500 pL x 3[@

400 mM aqg. NH4HCOs/ ACN (1/1, v/v)
250 pL

1.5 B5fE . 40°C

Tris-EDTA buffer/methanol (70/30, v/v), 50 pL
0.22 ym PVDFf&E

NaH,PO,; USH2KEF RUDA. ACN; 77 R=RUJL. NH,HCO;; REKE7SE=Jh.

IR F (IR D ERREEIMSDORIIUEF AN S E
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UONIMFEHFDOEER/DEIE

{EAHAE R

Lab LC NEHS L BAREZHHDNSDOEER(ME)
(2R TH—)
LabA Nexera QTRAP 6500+ X Bridge BEH C18 [2.5um, 2.1 | Biaf#iiRE : 100 pL.
(Shimadzu) (AB SCIEX) x 50mm] (Waters) BIBRBO T 1 )L IR L. EMS/(SA—
A — D1k
LabB | Prominence API5000 X Bridge BEH C18 [2.5um, 2.1 | N{REEARIEE : 500 ng/mL
(Shimadzu) (AB SCIEX) x 50mm] (Waters) HiaA%E - 100 pL
LabC Nexera X2 Xevo-TQ-XS X Bridge BEH C18 [2.5um, 2.1
(Shimadzu) (Waters) x 50mm] (Waters) BIEM S\ SAXA—4S—D5EAL
LabD Prominence API5000 X Bridge BEH C18 [2.5um, 2.1
(Shimadzu) (AB SCIEX) x 50mm] (Waters) PFILT7E AR ER
LCEM - BFEM S/)\S A -5 —Da=iE1b
Lab E | Nexera QTRAP 5500+ X Bridge BEH C18 [2.5um, 2.1 | & EM S /S X —4S—D&iE1t,
(Shimadzu) (AB SCIEX) x 50mm] (Waters)
Lab F | Nexera MP> X5 A QTRAP 6500 X Bridge BEH C18 [2.5um, 2.1
(Shimadzu) (AB SCIEX) x 50mm] (Waters) RIEMS/)\S X —4H—DREL
Lab G | Thermo Scientific TSQ Altis X Bridge BEH C18 [2.5um, 2.1 | PN{R#EBRIEE : 50 ng/mL
Vanquish Flex (Thermo Fisher x 50mm] (Waters) BIEMS /S X—4H—D5EL
(IS AR Scientific) (8ffiA A>ETL H—H—AA>EUTER. FAF
Sclentific) SINMETOYY M A>ELTER)
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2658/ (U5 —> 3 VitROBE

Lab B Lab C Lab D Lab E Lab F
EEHEHE 1 ng/mL - 500 ng/mL
(_WEE'I%/XZ) 0.992 0.993 0.997 0.995 0.999 0.993 0.999
+ U —ot—)(— 214.8% FRH <20% 34.7% b Ny 122% <20%
(34LLOQ) (mipomersen) |(mipomersenk [(mipomersenAz| (mipomersen) [(mipomersenAz| (mipomersen) | (mipomersen)
FEH (1S) UIS) UIS) K& (1S) UIS) <20% (IS) FgH (1IS)
F U—A—)(—
HICRBERR 2[o] - - 1[g] - 1EHRIE U -
e 1
B 88.1% - 89.1% - 95.5% - 96.7% - 85.5% - 97.3% - 86.8% -
== 101.2% 103.0% 101.2% 110.7% 92.2% 109.9% 100.4%
= 0.2% - 8.9% | 0.2% - 9.4% | 0.7% - 11.8% | 3.1% - 8.7% | 0.3% - 2.4% | ,g i(;/fszbQ) 3.6% - 14.1%
SR WESIFIL | BWESIFIL <20% LLOQ | WHEZTJFIL | BEZTFIL <20% LLOQ | Wh=EZTJFIL
7& U T& U <5% IS & U 7& U <5% IS XU

Fv U—A—/\—BA TR THAERETEEN L RS > DEBEBEZRIZT HERERIESNIZ.
<FvYU—A—)\—33R"HI>

OULOQIREHRHBDIEEZ T, DOBRELFEEINIZY DI IIDFBRZITWAEICHISIZL
Q&Y I IIVAEMIC1L-2ET 5> IHKBMAERESL L

QHBPDRENMEVE FRETNBI Y I IO SHAIEZITSI L
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