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A quality product of any kind consistently 
meets the expectations of the user.

Pharmaceutical Quality

www.fda.gov
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A quality product of any kind consistently 
meets the expectations of the user.

Pharmaceutical Quality

Drugs are no different.

www.fda.gov
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Patients expect safe and effective 
medicine with every dose they take.

www.fda.gov
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Pharmaceutical quality is

assuring every dose is safe and 
effective, free of contamination 
and defects.

www.fda.gov
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It is what gives patients confidence 
in their next dose of medicine.

www.fda.gov
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Disclaimer

The views and opinions expressed should not be used 
in place of regulations, published FDA guidances, or 

discussions with the Agency.
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Outline of presentation

• How MS analyses fit into biotech control 
strategies

• Applications of MS during the 
characterization and control of biologic 
drugs

• Current opportunities and challenges with 
MS in the context of COVID-19
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How MS analyses fit into biotech 
control strategies
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Applications of MS during the 
characterization and control of 

biologic drugs
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Applications of MS for 
biotechnology product analysis

• Identification
• Characterization
• Comparability (process change by same manufacturer)
• Comparative analytical assessment (biosimilar vs reference 

product)
• Surveillance for contamination/adulteration 
• Process improvement
• New product knowledge (new critical post-translational 

modification or other structural attributes)
• PK/PD measurement

(Rathore D et al, Exp Rev Proteomics, 2018; Namuswe F, CASSS MS, 2019)



13BLAs approved between 2000-2015 using MS
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• Sequence fidelity

• Structure, higher order structure

• Post-translational modifications

• Product and process-related impurities
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Biosimilars and Comparative 
Analytical Assessments

• 100% usage of MS in approved 351(k) BLAs reviewed as 
of July 2019

• Used for peptide mapping, intact mass, subunit analysis, 
glycan profiling

• LC-MS, LC-MS/MS, MALDI-TOF, HDX-MS
• Ionization by ESI, LC-ESI, MALDI, nanoESI
• Amino acid sequence, molecular weight, disulfide bonds, 

PTMs, product- and process-related impurities, higher 
order structure

• https://www.fda.gov/drugs/biosimilars/biosimilar-product-information
• Namuswe F, CASSS MS 2019.

https://www.fda.gov/drugs/biosimilars/biosimilar-product-information
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Early product development

• The core regulatory expectation is to demonstrate that 
the method is fit for the intended purpose
– 21 CFR 211.165(e) and 211.194(a)(2)

• IND-enabling studies to characterize the primary 
sequence, HOS 

• Extended characterization studies to identify variants, 
impurities related to product and process, other 
components of drug intermediate, substance and 
product

• Optimization of purification and production steps where 
advanced analytics can inform on the identity, criticality 
and robustness of key product and process attributes



17

As product development proceeds
• General method development and validation expectations 

are similar for MS-based methods
– ICHQ2R(1) and FDA Guidance for Industry on analytical procedures 

and method validation for drugs and biologics

• Amount of information on method and suitability typically 
varies with the phase of development and intended purpose

• Setting meaningful specifications that reflect current process 
knowledge and clinically relevant product lots
– ICHQ6B
– FDA MAPP 5017.2 on Establishing Impurity Acceptance Criteria As 

Part of Specifications for NDAs, ANDAs, and BLAs Based on Clinical 
Relevance 
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As product development proceeds

• Lifecycle management 

- Method performance

- Method changes and revalidation

- Bridging studies during method replacement

- Comparison to orthogonal methods

- Method transfer

- Reference standard

- Comparability studies
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Case study #1

MS for control of a process-related impurity
• A specific host cell protein, critical for the stability of the 

therapeutic protein. 
• CQA is monitored at DS release and stability testing. 
• MS provides relative quantitation, compared to reference.
• Specifications are wide but reflect current manufacturing and 

product knowledge

Sponsor is successfully monitoring this impurity while gaining 
additional knowledge and preparing for a manufacturing scale-
up and comparability study. 
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Case study #2

MS for control of multiple attributes
• MAM proposed for DS/DP release and stability for multiple 

attributes/product-related impurities. 
• Impurities and attributes are generated by different 

chemical/degradation/PTM pathways.
• However, insufficient information as provided to support replacing 

conventional methods with MAM. 
• Additional studies were provided to compare with conventional methods 

with multiple lots and different samples. Extended characterization data was 
supportive. 

• New Peak Detection – LOQ/LOD were determined, and function of new peak 
determined

• The stability indicating nature of the NPD was verified.  
• Agency agreed with sponsors strategy to phase out conventional methods 

over time.  
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MS in the context of COVID-19 drug 
development
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Coronavirus Treatment Acceleration 
Program (CTAP)

https://www.fda.gov/drugs/coronavirus-covid-19-drugs/coronavirus-treatment-acceleration-program-ctap
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FDA Guidance on developing 
COVID-19 biological products

https://www.fda.gov/emergency-preparedness-and-response/coronavirus-disease-2019-covid-

19/covid-19-related-guidance-documents-industry-fda-staff-and-other-stakeholders



24

Current opportunities and challenges 
with MS with respect to product 

quality
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Challenges in the context of COVID-19

• Accelerated timelines
• Rapidly evolving molecular targets and drugs
• Characterization of impurities with unknown biological function
• Availability of key raw materials, reagents, parts, instruments and 

trained personnel at the right location. 
• Rapid manufacturing scale-up to meet supply 

– General information - https://www.fda.gov/drugs/drug-supply-chain-
integrity/fda-leads-effort-create-supply-chain-security-toolkit-medical-
products

– Guidance - https://www.fda.gov/regulatory-information/search-fda-
guidance-documents/manufacturing-supply-chain-and-drug-and-
biological-product-inspections-during-covid-19-public-health

• Site-specific, travel and geographical limitations

https://www.fda.gov/drugs/drug-supply-chain-integrity/fda-leads-effort-create-supply-chain-security-toolkit-medical-products
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/manufacturing-supply-chain-and-drug-and-biological-product-inspections-during-covid-19-public-health
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Opportunities for MS in the 
context of COVID-19

https://www.fda.gov/emergency-preparedness-and-response/coronavirus-disease-2019-covid-

19/covid-19-related-guidance-documents-industry-fda-staff-and-other-stakeholders
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Opportunities for MS in the 
context of COVID-19

https://www.fda.gov/emergency-preparedness-and-response/coronavirus-disease-2019-covid-

19/covid-19-related-guidance-documents-industry-fda-staff-and-other-stakeholders

• Selection of methods that have already been qualified or 

validated. 

• The exploration of opportunities for less-experienced 

manufacturers to partner with those with more experience 

to leverage all available development tools

• The leveraging of related product quality data (e.g. 

formulation development, host cell protein profile) to 

support process development, in-use stability, compatibility

• The use of prior development experience to anticipate the 

best dosage form, route of administration and formulation 

selection



Other applications of MS in COVID-19
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Other applications of MS in COVID-19

REGEN-COV: LC-MRM-MS (A liquid chromatography-multiple reaction monitoring-mass spectrometry) assay was 

used to measure the concentrations of REGENCOV in two-dose groups of ambulatory patients.



In research and development of small molecule therapies for COVID, an affinity purification–
mass spectrometry (MS) approach has been widely used to identify potential inhibitors of 
SARSCoV-2.

Tiwari, et al: (2020) Drug Discovery Today, 25(8):1535-44

Gordon, et al: (2020) Nature, 583:459–468

Other applications of MS in COVID-19
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https://www.nih.gov/news-events/news-releases/nih-launch-public-private-partnership-speed-covid-19-vaccine-treatment-options

https://www.fda.gov/drugs/coronavirus-covid-19-drugs/coronavirus-treatment-acceleration-program-ctap#dashboard

Opportunities for MS in the 
context of COVID-19



32

Acknowledgements

• Frances Namuswe, Ph.D.
• Tere Gutierrez-Lugo, Ph.D.
• Baikuntha Aryal, Ph.D.
• Tongzhong Ju, M.D., Ph.D.
• Sarah Rogstad, Ph.D.
• Colleagues in OBP, OPQ, academia and industry




