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Outline
Vaccine Technology and Manufacturing Process

Biopharma Development Process

Quality by Design, Why and How?

Quality Attributes and Risk Assessment

Process steps and Parameters, The Design Space

Summary of the Overall Scheme
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Nivad Pharmed Salamat
Focused on Human Vaccines:

Human papillomavirus Vaccine

Recombinant Influenza Vaccine
◦ Insect Baculovirus Platform

72x

5x
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Different types of vaccines
Recombinant Vaccines: 

◦ Human Papillomavirus (Cervarix, Gardasil)

◦ Hepatitis B Virus (Engerix)

◦ Influenza Virus (Flublok)

◦ Varicella Zoster Virus (Shingrix)

◦ Plasmodium falciparum (Mosquirix)
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Biopharma 
Manufacturing Process
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Expression System
Different Expression systems for different applications
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Drugs vs Vaccines
Clinical surrogates: HPV no antibody and 
immunity

No platform, No good QC

Process is product

Formulation
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Adjuvants

Immune response and immunity
◦ Th1/Th2

◦ Antibody response

◦ Antibody maturity

Protective immune response

Continuous protection
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Process Development
Cell Line Development

Process Development and Optimization
◦ Development of process in plot scale

◦ CTD development

Scale up to commercial Scale
◦ Clinical study batch

Preclinical Studies
◦ Animal safety and efficacy

Clinical Studies
◦ Safety and efficacy
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Quality By Design (QbD)
Conventional Paradigm: 

Quality by Testing of Representative Samples

Flexible Manufacturing Environment with Rigorous 
Testing 

Empirical Development

Manufacturing Process Based on Retrospective Data

Focus on Testing to Document Quality

Product Release based on Batch Data

Regulations Based on Testing Final Product

PharmacopoeialMonographs (USP, EP, JP, etc.)

New Quality Paradigm: Build Quality in the Product

Quality cannot be Tested; should be Built in by Design

Quality by Design of Effective and Efficient 
Manufacturing Processes

Use of Scientific and Quality Risk Management 
Principles and Quality Control Strategies based on 
understanding & Knowledge of Product and Process

Identify Critical Starting & Raw Materials and Process 
Parameters (CPP) Affecting Quality 

Evaluate and Determine, if possible, their Relationship 
with Critical Quality Attributes (CQA)

Design a Process with On-line or At-line Monitoring of 
CPPs and CQAs 
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QbD
How?

•Prior knowledge and/or initial development for process definition

•Early stage process risk assessment (e.g., cause and effect (C&E) analysis)

•Identification of high-risk parameters (e.g., screening DOE, one factor at a time)

•Later stage (as well as scale-up) risk assessment (e.g., failure mode and effects analysis)

•DOE for understanding high-risk steps and their associated high-risk parameters (e.g., 
optimization DOE, design space ranging experiments, modeling simulations for defect rates)

•Scale-up confirmation 

•Control strategy, process validation, and continuous improvement implications (i.e., remaining 
areas of high variability and high risk) 
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Product Profile
Target Product Profile:

Quality Target Product Profile:

Mechanism of Action
• is a bivalent vaccine containing a non-infectious virus-like particle (VLP) and adjuvanted with an aluminum salt.

• is expected to provide an enhanced cellular (Th1) and humoral (Th2), antigen-specific, protective immune response 

Indication indicated for the active immunization of 9-25 year old females for prevention of HPV infections.

Primary endpoints
• reduction of rates of HPV contracction within one year after dosing in the target population

• Safe and tolerable as defined by solicited symptoms, adverse events, and serious adverse events 

Key Claim

• Has a favorable risk-benefit profile

• Universal recommendation

• Achieves World Health Organization (WHO) stability requirements

Secondary endpoints

• Analysis supportive of primary endpoint in target population

• Reduction in HPV rates in a 5 year span

• Reduction in cervical cancer and precancerous lesions in a 15-20 year span

• Duration of protection >10 years (with/without booster)

Key Claims

• Easy to administer, 0.5-mL intramascular delivery in a healthcare setting using a 1-mL syringe 

• Stability: 6 months at room-temperature storage or 4 years at 2–8 °C

• No animal- or human-derived products are used in the manufacture 

Formulation

• Sterile product

• 3 doses (containing 20 ug each of VLP; adsorbed to 500 ug aluminum adjuvant) administered at 0, 1, 6

• Composition: sugar, surfactant, buffer (isotonic pH), and Ps-VLP conjugate

• Label volume 0.5 mL filled (actual fill volume will be greater than the label volume to account for losses)

• Single-dose vial (ISO2R vial, clear, Type I glass), latex-free stopper and seal

• Secondary packaging and shipping: allowed shipping-excursion temperature 2-40 °C for 3 days in a carton
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Quality Attributes and Characterization

Identity

Purity
◦ Process

◦ Product

Potency
◦ Bioassay

◦ In vitro/in vivo

Stability
◦ Shelf life & stressed

Quantity
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CQA and Risk assessment
Quality attributes:

◦ Various effects on Safety, Efficacy

◦ Level of confidence is important

Safety: 

◦ Number of doses and volume

◦ Mode of administration

◦ Type of host, etc….
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CQAs: How many? How much?
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Control Strategy
Process Steps

◦ Some more effective

Process Parameters

Defining Importance?
◦ Based on risk assessment

◦ Empirical approach
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CPPs: Setting the design space

Detecting contributing effects
◦ Based on effects on CQA

Effect of CPPs on multiple CQAs

Setting limits
◦ Difference between regulatory and manufacturer 

approaches
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CPPs: Setting the design space
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Thanks for your attention

Any Questions?
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