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 When separation by LC or MS falls
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LC-HRMS Method Validation

v Hydrophilic interaction liguid chromatography (HILIC)-

HRWYsem suitability testing Q2(R2) Validation of

e Analytical Procedures
Spec ifi City Guidance for Industry

. . U.5. Department of Health and Human Services
o I n e a r I ty \ Food and Drug Administration

\ Center for Drug Evaluation and Besearch (CDER)
Range (/’
Precision

Center for Biologics Evaluation and Research (CBER)
March 2024
ICH-Quality
Revision 2

Accurac N— M10 BIOANALYTICAL
Y METHOD VALIDATION

LLOQ AND STUDY SAMPLE
ANALYSIS
RO b ustness Guidance for Industry
. . 1.5, Department of Health and Homan Services
ooda rug ation
Excipient oo sad Drve Admaitrat

Center for Droz Evaluaton and Research (CDEE)
Center for Bislagics Evaluaton and Research (CEEE)

MNovember 2022
www.fda.gov ICH 8



S
(o ) System suitability testing

K-/a\) e Sensitivity check

- LLOQ (peak area % CV)
- Before and after sample assay

* Precision
- Injector performance (peak area % CV)
- Pump performance (retention time % CV)
- Column performance (peak symmetry factor)

e Mass accuracy compared to theoretical value
- ppm

* Linearity of injection accuracy and MS response
- R2
- Before and after sample assay
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) Method validation

M Specificity, Linearity, Range, Precision, Accuracy, LLOQ,

Robustness, Excipient
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Table. % Recovery for three QOC runs (QC1, QC2 and QC32) each comprising 4 OC levels
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Product-related Impurities
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When Separation by LC or MS Fails
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?Coeluting isobaric impurity ions
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Decoding Complexity in Synthetic Oligonucleotides: Unraveling
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?Coeluting isobaric impurity ions
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Figure 3. Quantified isobaric compositions of n-U/n-C mixtures at g 08 P
varied concentrations. The bar represents the mean and standard E 2ks08 ¢
deviation (SD) values of replicate data points (red circles). The frame 0E+00 |
represents the same as that in Figure 2. 10 30 50 70 9 110 130 150
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Figure 55. Linear responses in quantitation for FLP and total n-U/n-C impurity within the tested range of sample
column loads ranging from 10 to 150 pmol. Quantitation was performed using full M5 by total EIC peak area of 10 15
isotopic peaks for FLP (A} and n-U/n-C (B). Dashed line represents the linear regression.



?Coeluting isobaric impurity ions
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Figure 5. Quantified isobaric compositions of n-U/n-C mixtures
using the theoretical isotopic distributions of standards. The same
HRMS data as in Figure 2 were reprocessed by replacing the
measured isotopic distributions with the theoretical (left panel) or the
adjusted theoretical (right panel) distributions of n-U and n-C
standards. The quantification results are displayed using the same
accuracy plots as denoted in Figure 2A.
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QCoeluting isobaric impurity ions
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Correction factors using FLP in two separate experiments
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Figure S9. Comparison of correction factors generated by the ratio of the measured vs the theoretical isotopic

distributions of FLP from two separate experiments. The measured isotopic distributions were from multiple FLP
solution preparations in two separate experiments (Table S4B and Table S4C). The experiment-specific correction
factors may be attributed to the instrument’s performance while operating under its current tune and calibration
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Figure 6. Quantification of U/C deletion and addition impurities
using the measured or adjusted theoretical isotopic distributions of n-
U/n-C and n+U/n+C. (Left panel) n-U% (dark in color) and n-C%
(light). (Right panel) n+U% (dark) and n+C% (light). The y-axis
represents quantified impurity amounts relative to FLP. Quantifica-
tion was performed using the measured (in blue) or adjusted
theoretical (in purple) isotopic distribution of n-U/n-C or n+U/n+C.
The correction factors used for adjusting the theoretical distributions
were generated using the measured vs theoretical isotopic
distributions of FLP. Three batches of sample were tested, including
two HPLC-purified batches and one desalted batch.
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Summary

A LC-HRMS-based MAMO platform:

Ly | Identity/characterization: RT, m/z,
Impurities " Quantitation M S/M S

Quantification: Assay, Purity, Impurities
LC-HRMS method validated for:
Specificity, Linearity, Range, Precision, Accuracy,
LLOQ, Robustness, Excipient

When impurities inseparable by either LC or HRMS:

Coeluting isobaric impurity ion case —
Fully resolved isotopic envelopes enabled by HRMS
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