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Drivers for Flexible Manufacturing
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Smaller volume new products

Reduced operating costs (e.g., lower inventories)

Rapid response to changes in demand 
(e.g., from health emergencies)

Avoidance of drug shortages

Rapid launch of new medicines

Single 
Use 

Systems

Continuous 
Manufacturing 
(small & large 

molecule) Portable 
Manufacturing

Real Time 
Analytics

Point of Care 
Manufacturing

Ultimate Goal: Availability of quality medicines for patients



FDA Desired State
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Flexible Manufacturing under 
Current Regulatory Structure



Continuous Manufacturing
Continuous manufacturing is a process in which the input material(s) are continuously fed into and transformed 
within the process, and the processed output materials are continuously removed from a system which consists of 
a series of two or more unit operations. 
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Technical & Regulatory Challenges:
• Material traceability
• Effect of disturbances to homogeneity
• Segregation of potential non-conforming material
• Amenable to real time release testing  and controls
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Traditional Batch 

Manufacturing
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Released
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Continuous
Manufacturing Blend Dry

Granulate Blend Tablet
Compression Film Coattest test test test

Released
Final Product

Features of Continuous Manufacturing:
• Shorter processing times
• Integrated unit operations
• Smaller equipment footprint
• Elimination of traditional scale-up
• Enabling of real time analytics & control



Progress in Continuous Manufacturing (CM)

7

To date FDA has approved at least 7 CM applications:
• 6 small molecule drug product
• 1 end to end small molecule drug substance
• Discussions ongoing for CM for biologics

Small molecule CM drug product has been approved in by 
at least 12 regulatory agencies worldwide



Current Regulatory Status
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FDA Draft Guideline
ICH Q13 – In progress

“Although current regulatory frameworks allow for commercialization of 
products using CM technology, a lack of regulatory guidelines can make 
implementation, regulatory approval, and lifecycle management challenging, 
particularly for products intended for commercialization internationally.”



Averting Regulatory Impediments
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Use a Science & Risk 
Based Approach

Keep Patient Needs 
in Mind

One size does not fit all!
• Control strategy elements need to 

be appropriate to specific product 
and process risks

Manufacturing         Regulatory
Complexity        Commitments  ≠

• What elements are needed for patient 
safety& efficacy vs. manufacturability?

Cultivate International
Convergence

Alignment needed on:
• Dossier content (established conditions)
• Post approval change data requirements
• Post approval change timelines



Technology & Regulation Example - NIR Spectroscopy

Model maintenance is a normal and necessary 
part of lifecycle management for PAT models 

as new variability is introduced 
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NIR Procedure Components
Instrument

Measurement Mode

Scan rate/number

Sample presentation

Reference Method

Chemometric Algorithm

Calibration range

Specificity

Linearity

Accuracy

Measurement precision

Robustness

Calibration samples

Spectral range

Spectral preprocessing

# of latent variables

Loadings

Spectral quality check 
algorithm & threshold

Outlier diagnostics

Regulatory expectations for post-approval 
changes (including maintenance) are provided:

• FDA draft guideline: https://www.fda.gov/media/91343/download

• EMA Guideline on NIRs data requirements

• Addendum to EMA NIRs guideline
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“Fixed” components –
require supplement 

to change

“Flexible” components –
managed within PQS

Potential Approach
(aligned with ICH Q12 –
perform based approaches)

Current 
Approach

Little differentiation
of regulatory 

reporting for changes

https://www.fda.gov/media/91343/download
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-use-near-infrared-spectroscopy-pharmaceutical-industry-data-requirements-new-submissions_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/addendum-ema/chmp/cvmp/qwp/17760/2009-rev-2-defining-scope-nirs-procedure_en.pdf


Technology & Regulation Example - NIR Spectroscopy

Model maintenance is a normal and necessary 
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Existing Regulatory Tools – Design Space

2005 & 2008 2012
2009 & 2010

2011
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Existing Regulatory Tools – ICH Q12 (ECs & PACMPs)
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Established Conditions

Post Approval Change Management Protocols (PACMPs)
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Existing Regulatory Tools – ICH Q12 (ECs & PACMPs)

14

Established Conditions

Post Approval Change Management Protocols (PACMPs)



Flexible Manufacturing –
Regulatory Opportunities



Portable Manufacturing
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https://www.natureasia.com/en/nindia/article/10.1038/nindia.2019.147

Portable On-Demand (POD) Manufacturing

Constructed at factory Transported to manufacturing site   

Current: Multiple units 
assembled in a host structure 

Future??? 
Fully contained, mobile, stand alone unit

https://www.natureasia.com/en/nindia/article/10.1038/nindia.2019.147


Questions Related to Portable Manufacturing
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• FDA defines establishment as a place of business under one management at one general physical location

Can an establishment have a flexible location?

• Consistency of POD/host site interface and quality system elements

How are the support functions provided to the portable manufacturing (e.g., 
utilities, warehousing, training)? 

• Expectations related to process validation, stability and bioequivalence

•How is product quality assured when changing locations?

• Lowered risks related to a change in location of the POD

Would an inspection be required when moving the location?



Individualized Medicine
What if medicines were manufactured in your pharmacy or in your home?

Thin Film Strip

Drug in 
solution

Droplet
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Autologous Cell Therapies

“The Cell Therapy Supply Chain: Logistical Considerations for Autologous Immunotherapies”, 
Dan O’Donnell, 15 Oct  2015, Bioprocess International Supplement

Solid Oral Drug Products Is this compounding or 
pharmaceutical manufacturing?

How do you meet regulatory 
requirements for batch release?

How to regulate variable dose 
combinations?



Concluding Thoughts



20

Regulation for Innovative Technology

https://www.packagingdigest.com/pharmaceutical-packaging/pmp-we-have-many-innovative-opportunities-as-packaging-professionals-160721

Regulatory Recommendations: 
• Use a science & risk based approach
• Keep patient needs in mind
• Cultivate international convergence

Technology is advancing at a rapid pace:
• Manufacturing flexibility is needed to rapidly adapt 

to changing needs
• Goal is availability of quality medicines to patients

https://www.packagingdigest.com/pharmaceutical-packaging/pmp-we-have-many-innovative-opportunities-as-packaging-professionals-160721


THANK  YOU!

Questions, comments, copies: 
christine.moore@merck.com
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