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Disclaimer

This presentation reflects the views of the authors and 
should not be construed to represent FDA’s views or policies.

The mention of trade names, commercial products, or 
organizations is for clarification of the methods used and 
should not be interpreted as an endorsement of a product or 
manufacturer.

The authors declare no competing financial interest.
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Pharmaceutical quality assures

the availability, safety and efficacy of 
every dose.

www.fda.gov

Every patient deserves confidence in 
their every and next dose of medicine.
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Outline

• LC-HRMS-based Multi-Attribute Method 

for Oligonucleotides (MAMO) analytical 

platform

• LC-HRMS method validation

• When separation by LC or MS fails

www.fda.gov
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MAMO Analytical Platform

www.fda.gov

LC-HRMS-based 
Multi-Attribute Method for Oligonucleotides
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Quantification: Assay, Purity, Impurities

➢ Ionization efficiency ➢ Ion suppression

n-2, n-A, 1PO, n+A: common impurities of nusinersen (18-mer)
ISs: U15, A15, C15 

FLP: full-length product (nusinersen sequence)
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LC-HRMS Method Validation

www.fda.gov

✓ Hydrophilic interaction liquid chromatography (HILIC)-

HRMSSystem suitability testing

Specificity
Linearity
Range
Precision
Accuracy
LLOQ
Robustness
Excipient
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System suitability testing

• 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)

• 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
Specificity, Linearity, Range, Precision, Accuracy, LLOQ, 
Robustness, Excipient



11www.fda.gov

Product-related Impurities
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When Separation by LC or MS Fails

Coelutes
(same RT)

Cases: n-U/n-C, 
positional isomers

Isobars/Isomers
(same or similar m/z)

Inseparable by 
either LC or MS

Separable by LC
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n-1

Separable by MS

m/z

n-U/n-C
n-G n-A
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Coeluting isobaric impurity ions

Nusinersen sequence:
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Coeluting isobaric impurity ions

Workflow

Input Input

Input
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Coeluting isobaric impurity ions

FLP

Total n-U/n-C
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Coeluting isobaric impurity ions
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Coeluting isobaric impurity ions

Theoretical distribution_adjusted

Measured



19

Summary

www.fda.gov

LC-HRMS-based MAMO platform:

 Identity/characterization: RT, m/z, 

MS/MS

 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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