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Development and standardization of bioanalytical methods for oligonucleotide therapeutig



( )

Vitravene USA 1998 Cytomegalovirus (CMV) CM\k _ PS
(fomivirsen ) EU 1999 IE2 mRNA p AIDS 4P
USA 2004

Macugen Aptamer EU 2006 VEGF;s5 A 2 -OMe
pegaptani protein 6 -F,

( tanib ) IP 2008 t 2 -F, PEG

Kynamro ApoB100 MY A 6 PS

(mipomersen ) SIS MRNA JMA4MAY4AnA4 2 -MOE
Exondys 51 Dystrophin N1YT 9N .
(eteplirsen ) USA 2016 pre -mRNA MMA 49" n Morpholino

Spinraza USA 2016 SMN2 ] PS
nusinersen EU, JP 2017 re-mRNA 2 -MOE
( ) p
HEPLISAV-B .-

(HBsAg protein with CpG OGN USA 2017 TLR9 B p P , - . S-oligo
CpG1018 adjuvant ) EU 2021 PNV M1 41P

Tegsedi Transthyretin  (TTR) ) e ATTR PS
(inotersen ) S5 S mRNA V47T 1nyY M 2 -MOE

Onpattro . USA, EU 2018 e ATTR 2 -OMe
(patisiran ) SIRNA JP 2019 TTR mRNA "NA4T 1ny M LNP (for DDS)

Waylibra 6 PS

(volanesorsen ) A ARl iR JNT AN NAY 2 -MOE
. . USA 2019 .

(_3|vle_1ar| SIRNA EU 2020 ALAST mRNA s 6 PS(partial) , 2 -OMe, 2 -F,
(givosiran ) 3P 2021 M1 M A GalNAc
Vyondys53 Dystrophin AN .
(golodirsen ) USA 2019 pre-mRNA MMA 4V n el

Viltepso Dystrophin Y1 YT d A .
(vitolarsen ) USA, JP 2020 pre-mRNA MMA 4V n Morpholino

Oxlumo . T de PS(partial) , 2 -OMe, 2 -F,
(lumasiran ) SIRNA USA, EU 2020 HAO1 mRNA Jy1° GalNAC

Leqvio . EU 2020 JM14MY4nA PS(partial) , 2 -OMe, 2 -F,
(inclisiran ) SIRNA USA 2021 PCSKI mRNA A GalNAc
Amondys45 Dystrophin Y1y 9N .
(casimersen ) USA 2021 pre -mRNA MMA 49" n MAETAETE
Amvuttra . . e ATTR PS(partial) , 2 -OMe, 2 -F,
(vutrisiran ) SIRNA USA, EU,JP 2022 TTR mRNA V4T 1y GalNAC

A A A A https://www.nihs.go.jp/mtgt/pdf/section2 -lpdf. . 1A
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HPLC-UV

Hybridization-LC-
fluorescence

Ligand binding assay
(LBA)

gPCR

Capillary
electrophoresis-UV

Fluorescence
or RI labeling

LC/MS

LC

LBA

LC

Pros

Cons

LBA

10t JBF symposium, DG2018 -36 ( http://bioanalysisforum.jp/images/2019 10thJBFS/DG2018
-1120. Bioanalysis . 2011, 3:1299

Bioanalysis . 2011, 3:1109

-1303. AAPS J. 2012, 14:772

-80.J Pharm Sci.

- 36.pdf) with slight modifications.
2001, F90:182 -93



‘ Pros ‘ Cons

LC/MS
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Liu etal., IntJ Mol Sci, 2022;23:15474. (SHIMADZUHP. . 4 4 )
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LC/MS
10t JBF symposium, DG2018 -36 ( http://bioanalysisforum.jp/images/2019 10thJBFS/DG2018 - 36.pdf) with slight modifications.
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LBAEN Fi7i
(Hyb-ELISA, ECL etc.)
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10t JBF symposium, DG2018 -36 ( http://bioanalysisforum.jp/images/2019 10thJBFS/DG2018 - 36.pdf)



Vitravene
Macugen
Kynamro

Exodys51

spinraza
Tegsedi

Onpattro
Givlaari
Vyondys53
Viltepso
Oxlumo

Amondys45
Leqvio

Amvuttra

NIRVIAVENIRY N/A
"y M\An  Hybridization ELISA
J M\ 4 M Hybridization ELISA
HPLC
NIRVIAVENIRY
( N)
Hybridization ELISA
TN SM Aybridization ELA
J M\ 4 M Hybridization ELISA
. HPLC
SiRNA
( N)
. LC/MS(HRAM)
SIRNA LCIMSIMS
NIRVIAVENIRY LC/MS/MS
NIRVIAVENIRY LC/MS/MS
SiRNA LC/TOF -MS
NIRVIAVENIRY LC/MS/MS
SiRNA LC/TOF -MS
SiRNA LC/MS -HRMS

N/A
N/A
N/A

VNS

6

N/A
N/A
N/A

N/A

SPE

SPE

SPE

SPE
SPE
LLE

N/A
N/A
N/A

100

N/A
N/A
30

N/A

N/A

N/A

100

N/A
N/A
N/A

R L

R L

R L

N/A
N/A
N/A

N/A

N/A
N/A
N/A

N/A

Low: 34.8%
High: 41.8%

Low: 67.5% -74.3%
High: 69.0% -84.5%
Antisense: 95.2%
Sense: 92.3%
Low: 30.9% -41.4%
High: 25.2% -26.4%

N/A

Antisense: 62.1%

Sense:60.7% -69.4%

N/A
N/A

0.23-30.4 ng/mL

Low: 10 -1,000 ng/mL
High: 1,000 -20,000 ng/mL

N/A
1-200 ng/mL

1-250 ng/mL

LC/HRAM: 20 -1,000 ng/mL
LC/MS/MS: 10 -5,000 ng/mL
Low:10 -1,000 ng/mL
High: no information
Low: 20 -1,000 ng/mL
High: 500 -50,000 ng/mL

10-10,000 ng/mL

Low: 10 -2,000 ng/mL
High: 1000 -2,00000 ng/mL

10-10,000 ng/mL
10-1,000 ng/mL

N/A; not applicable .

This table was made based on the reports on clinical pharmacology and biopharmaceutics

reviews in the FDA website .



Golodirsen Vitolarsen Casimersen Givosiran Lumasiran Inclisiran Vutrisiran
Antisense SIRNA
SRP-4044 An siRNA . . .
S Dles ) (antisense [ Morpholino ]) i w/o detailed information SR IR i
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 L0 et RURRULLY LUSTULY
2 Low: 0.9965 ) Low: 0.9978 i i i Antisense: 0.9955
(%) High: N/A 0.990 -0.995 High: 0.9983 Sense: 0.9966
Low: 34.8% Low: 67.5% - 74.3% Low: 30.9% - 41.4% i Antisense: 95.2% i Antisense: 62.1% - 66.21%
IS High: 41.8% High: 69.0% - 84.5% High: 25.2% - 26.4% Sense: 92.3% Sense: 60.7% - 69.4%
. . > 20% for
No impact ) ) ) ) No impact both antisense& sense
Low: -9.3% - 11.7% Low: 1.0% - 13.0% Low: -5.0% - 5.0% <15% Antisense: -9.2% - 14.4% |Antisense: -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%
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%
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%
Low: -0.7% - 2.0% Low: 0.5% - 3.0% Low: -2.1% - 2.4% <15% Antisense: -6.3% - 11.2% | Antisense: 0.1% -58% | Ant i sense:1.0%4
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: - 60% %
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%
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
86 days, 5 (C 94 days, RT - - 76 days, -200C
- - 24 hrs, RT - 24 hrs, RT 24 hrs, RT 6 hrs,50C; 24 hrs, RT
] i Low: 1456 days, -200C ] 363 days, 367 days, 64 dayslc -2
High: 1321 days, -20(C -200Cc and -700C -200Cc and -700C 69 dayslc -7
Low: 48 hrs, RT Low: 95 hrs, RT ~
High: 185 hrs, RT 48 hrs, RT High: 119 hrs, RT - 120 hrs, RT - 121 hrs, 5LC
N - N - - ~l4 cycles; frlor
4 cycles 5 cycles, -20UC 5 cycles, -20UC - 5 cycles, -20UC and -70UC|5 cycles, -20UC and -70UC / - DO thawed at5 (C
- - - - 200 -fold 15% RE, Prgci si olo-fold
<20% LLOQ
0,
None, 6 lots None None, 6 lots - <20% LLOQ <5% IS None, 6 lots ¥
<5% IS » VAAY YV oa
VNAAY NV .
No impact - - - No impact No impact -
- - - - No impact No impact -
- - - - - No inference -
M10 8
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LC/MS
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Kit Clarity OTX SPE plate(25mg/well, Phenomenex )
1.
Mipomersen 5-2500 ng/mL, 1 0 Lm
N4 500 ng/mL, 20m L P i © 100 ng/mL P
ynitAvA 100Lm
Lysis-Loading buffer 100m L
2. ( )
2-1.49Mvn41 " . N a
250Lm
22N & .. N &
N oa s 50 mM ag. NH 4OAc (pH5.5)
250 m
3 « ) i . )
R S AN IRV I |
3 ( )
3-1.\ @
500Lm
3-2.
) 8 50 mM ag. NH ,OAc (pH5.5) / ACN(1/1)
k AD 500 ™ Lx 2A
4 «( )
A 8 100 mM ag. NH 4HCOj; (pH10.0) /ACN (1 /1,v/v)
500 I
5.
1.5 N A i 400C
5.
X/AM1n1 (80/20,v/v),50 m L
0.22 m m PVDF
NH,OAc; 44N TUOACN; MY AN ANA 1L NHHCO,; N JAY 1.

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



Mipomersen

MS

LC Vanquish (Thermo Fisher Scientific) HRMS QExactive plus (Thermo Fisher Scientific)
Analytical Triart C8 metal free [S-1.9™ m 12 nm, Mode PRM
column 2.1x100 mm] (YMC) Polarity Negative
Column temp. 50 Scan range 50-6000 m/z
Mobile phase A Water/TEA/HFIP (1000/4/20,vIvIv) lon spray voltage 4 kV
Mobile phase B Methanol/TEA/HFIP (1000/4/20,vIvIv) Capillary temperature 3501
Autosampler rinse solution | Water/methanol (1:1,v/v) AUX gas heater 350
AUX gas 10
Flow rate 0.3 mL/min
lon sweep gas 1
— -
Injection volume 10m L Sheath gas 40
. oy s » - S-Lens RF level 80
01 [ . HPLC S YMdNY M1 4A L,
M1InM1TY AN L AGC target 2x10 4
TEANAYVAT NV d HFIPRNUYNMYT Y47 YN 4N Yn Maximum  injection 100 ms
time
Gradient NCE 100
| Isolation window 2m/z

Percent of mobile phase B; (
-3.00 min  -0.00 min 10 %

0.00 min  -5.00 min 10 % > 40%
5.00 min -5.10 min  40% > 70%

5.10 min  -7.00 min 70%

7.00 min  -7.10 min 70% > 10%
7.10 min -8.00 min  10%

8.00 min -8.10 min  10% > 90%
8.10 min -9.00 min  90%
9.00 min -9.10 min  90% > 10%
9.10 min -10.00 min 10%
10.00 min  -10.10 min 10% > 90%
10.10 min  -11.00 min 90%
11.00 min  -11.10 min 90% > 10%

MS transitions
Mipomersen

Mipomersen -LNA
internal  standard,
IS

Precursor ions (m/z) Product ion (m/z)

2390.9678 (z3) 94.9362
1793.0110 (z4) [PO ,S]-
896.1335 (z8)

2237.5125 (z3) 94.9362
1677.9116 (z4) [PO ,S]-

838.4558 (z8)

Sun et al., Bioanalysis 2020;12:1739 -1756.
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0.5ng/mL - 250 ng/mL
1/X 2 0997py? P
AN (mipomersen ~ IS)
102.8% - 1165% ( A 4 )
4.2% - 8.0%
96.9% - 110.0%
4.4% - 10.3%

YNT4 - S p64v A ANA P
1 92.8% - 106.3%,  :4.1% - 6.0%
i 40> 24N A0 A

-8olca =~ 394 0 A
-80UC" 54 ~0A
AUC 24N A D A
100

ICH M10

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



Mipomersen

MS

LC Nexera X2 (Shimadzu)
Analytical X Bridge BEHC18 [25 ™ m 2.1 x 50 mm]
column (Waters)

Column temp.

50 {

Mobile phase A

Water / Methanol / TEA/HFIP/ Acetylacetone
(900/100/4/2 0/0.1,vIvIviviv)

Mobile phase B

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

Autosampler
rinse solution

Water/Methanol/2 -propanol/ Acetylacetone
(500/250/250/2 viviviv)

Injection 5m L
volume
Gradient
Gradient Curve
100 T T
a0 - —
m 80 _
=
an - -
20 —
0 . N . (
0.0 5.0 10.0 13.0
Time {min.}
0.00 -7.00min 7.01-13.00min p P
0.3mL/min 0.45mL/min

MS QTRAP 5500 (AB SCIEX)
Polarity Negative
lon spray voltage -4500 V
CUR 30 psi
TEM 450 {
GS1 80 psi
GS2 80 psi
CAD 10
DP -135 V
CXP -11Vv
CE (mipomersen ) -140 V
CE (mipomersen -2 OMe) -120 V
Dwell 120msec
MS transitions Precursor ion (m/z) Product ion (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 )
1.
Mipomersen 10 - 5,000 ng/mL, 1 0 Lm
R 250 ng/mL, 20m L(i © 50 ng/mL)
ynd AV 100Lm
Lysis-Loading buffer 250m L
2. ( )
2-1.49Mvn41 .. N @
250Lm
2-2.8 & .. N &
N oa s 50 mM NaH ,POjaq (PH5.5)
250 I
3 « ) i . 3
1.7 ° N Jd N4
3 « )
3-1.N% a
500Lm
3-2.
8 100 mM NaH ,PO,aq (pH5.5)/ACN (1 /1, viv)
k A 500 ™ Lx 3A
4,
A 8 400 mM ag. NH 4HCOs/ ACN (1 /1, viv)
250 m
S ( ) i
1.5 N A i 40(C
5.
Tris-EDTA buffer/methanol (70/30, v/v) ,50m L
0.22 m m PVDF

NaH,PO, A~ 2k A4 1. ACN - M AN A4 NHHCO,, X 44Y 1. Sun et al., Bioanalysis 2022:18:1213  -1227.
Jd A4 MS /4 a4 9, 16



Lab LC MS ( )
( )
LabO Nexera QTRAP 6500+ X Bridge BEHC18[25 " m, 2| 1 100 p L
(Shimadzu) (AB SCIEX) x 50mm] (Waters) AT A4 Mn &7 T OOdNA1n
Mn T a
Labo Prominence API5000 X Bridge BEH C18|[ 2. 5m™m, 2 500 ng/mL
(Shimadzu) (AB SCIEX) x 50mm] (Waters) 100 p L
LabO® Nexera X2 Xevo-TQ-XS X Bridge BEH C18]|[(2M5SM/m, 2m 1
(Shimadzu) (Waters) x 50mm] (Waters) OGN AIYTNnMn 1 a
Labd Prominence API15000 X Bridge BEH C18]|[(ZMSM/m, 20mM
(Shimadzu) (AB SCIEX) x 50mm] (Waters)
LC k OOGNA1ITnMn 1T @
Lab E | Nexera QTRAP 5500+ X Bridge BEH C18|[205y\mAaMh” 1 a
(Shimadzu) (AB SCIEX) x 50mm] (Waters)
Lab F Nexera MPY M AN 71 QTRAP 6500 X Bridge BEH C18|[GZMSMm/m, K20
(Shimadzu) (AB SCIEXP x 50mm] (Waters) OOoNAAnMn i a
Lab G Thermo Scientific TSQ Altis X Bridge BEH C18|[ 2. 5m™m, 2 .50 ng/mL
Vanquish Flex (Thermo Fisher x 50mm] (Waters) OdNAAINnMn i &
(Thermo Fisher Scientific) b8 ' ' '
Scientific) B

Sun et al., Bioanalysis 2022;18:1213

-1227.




1 ng/mL 2 500 ng/mL
UX 2 0.992 0.993 0.997 0.995 0.999 0.993 0.999
214.8% A <20% 34.7% A 122% <20%

( LLOQ) (mipomersen ) |(mipomersen (mipomersen (mipomersen ) |(mipomersen (mipomersen) (mipomersen )
A (IS) " 1S) " 1S) A (IS) " 1S) <20% (1S) N (IS)
2A - - 1A - 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%
1.9% -
V) - 0 0 - (0] 0 - V) 0 - V) V) - 0 V) - 0
0.2% - 8.9% 0.2% -94% |0.7% - 11.8% | 3.1% - 8.7% 0.3% - 2.4% 19. 1%(LLOQ) 3.6% - 14.1%
YN A1 YN T4 <20% LLOQ YN 1 YN 14 <20% LLOQ YN
B B <5% IS ) h <5% IS C o
ULOQ
1-2

Sun et al., Bioanalysis 2022;18:1213

-1227.
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