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Introduction ASAP Study Design ASAP Model Prediction
*Oligonucleotides are single- or double-stranded small synthetic * Experimental design brackets specification limit (10% loss of active). * ASAP shelf life modeling to 95% probability of passing:
nucleic acid polymers (less than 30-mer). » Samples exposed, open, to temperature/relative humidity conditions. »Less than six months at 5°C, even very dry
-Modified for potency, specificity, half-life, and deliverability. Temp (°C) Saturated Salt % RH — -More than nine years at -20°C
-Classgs of ollgonucleotldgs include antisense oligonucleotides (ASOs), Control NA NA 0 (n = 3) Time: 3.00 (53.52)
small interfering RNAs (siRNAs), and aptamers. 25 LiCl 11 12 K
* Accelerated Stability Assessment Program (ASAP) case study using a 30 CsF 3 13, 21 i
lipid-conjugated ASO reference standard (Waters Corporation). 35 KF 25 6, 21 o 0
40 LiCl 11 4,9, 21 = @ 5 C/l % RH
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* = phosphorothioate bond (sulfur replacing oxygen in phosphate linkage) .. . |2pecificalipn Limit: 76.01; O
MOE = methoxyethyl 2" modification, MeC = 5-methyl cytidine residue _ o
5" palmitate modification i ® =l \9500 onfidence
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*Loss of active (percent purity) monitored using hydrophilic interaction - time (years)
.. ® O o
liquid chror.n.atogrz.aphy (HI!_IC). | | a0 Time: 10.00 (83.02)
-Hydrophilic (amide) stationary phase packed into MaxPeak™ High - o -
Performance Surfaces (HPS): reduces nonspecific binding, eliminates _ | | | | ' o
need for column passivation, and increases reproducibility. 25 30 35 40 45 50
-Oligonucleotides strongly retained at high organic conditions, with Temp. (°C) 2 o .
retention influenced by strand length, column temperature, and Results 2 -20°C
mobile phase ionic strength/aqueous content. . . . L . . =
P gth/aq * Degradation nonlinear: isoconversion times (time to lose 10% purity) - o 5 : /
. SR L a0 95% confidence
. A: 90:10 ACN:100 mM NH,OAc determined using bilinear fitting. .
Mobile Phase . |epecification Limit: 78.01
B: 1090 ACNlOO mM NH4OAC Degradant vs Time; T=25, RH=18 Degradant vs Time; T=30, RH=3 Degradant vs Time; T=35, RH=25 Degradant vs Time; T=40, RH=11 8 pE:I R L :
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>33 20 10 e ) e o) e o) e o) * Three-week ASAP study conducted on lyophilized lipid-conjugated ASO.
13 i 3 3 90 10 Degradant vs Time; T=45, RH=21 Degradant vs Time; T=50, RH=11 Degradant vs Time; T=50, RH=29 . . .
—— 0.3 mL/min ol o s o HILIC method provides effective separation.
Column Temp. 75°C . - . %) * Loss of purity well fit by moisture-moditied Arrhenius equation using
N S e ER: - :
Injection Vol. 10 pL ; *ﬂ sfififa:nn Limit: 78,00 ;; . SFEH.FTatmn Limit: 78,00 ;; . b bbbl |sqc?nve rs!on. |
: |ASO-1 m | e | Tl T o Lipid-conjugated ASO requires frozen storage (-20°C) for long-term
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e Stability of RNA-based materials effectively modeled using ASAP.
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Isoconversion rates (k) well fit by moisture-modified Arrhenius equation:

Example chromatogram for In(k) = InA Ea - B(RH) o Contac'g
HILIC method with ASO RT justln.mccabe@freithlnktech.com

In A = intercept, E, = activation energy [temperature sensitivity], R = gas o
constant, T =temp in K, B = humidity sensitivity, RH = equilibrium humidity. o E FreeTh|nk

K — . InA | Ej(kal/mol) | B | R | @ Technologies

5 27.5+3.7 17.2+2.2 0.066+0.011  0.982 0.945 ,
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