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Product Development:

Moving from the Bench to the Clinic

Introduction to the Principles and Practice of Clinical Research



Product Development

Product Development

Costs of Product Development

Example:  H5 Influenza Vaccine from Bench to Clinic 



Product Development

1967. Dr. Hunein Maassab of the University of Michigan develops a

live, cold-adapted flu virus for use in a vaccine.

2003. FluMist is available for use for the first time to health

adults and children ages 5 through 49.

Source:  NIAID Website



Product Development
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 IND = Investigational New Drug Application;    BLA=Biologics License Application



Drug Development Costs



Probability of Success



Vaccine Development at the VRC
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Scope of VRC Activities

HIVHIV

Ebola

SARS

West Nile Virus

Marburg

Influenza

Pre-clinical   Phase I  Phase II Phase III
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Bench to Clinic



Bench to Clinic



Vaccine Production Program

Goal:  Efficiently translate candidate research vaccines

into materials for proof of concept clinical trials and enable

advanced development and licensure by partners.

Projects:

Assay 

Development

Process Research

Pre-clinical

Safety

cGMP Production

Regulatory

Science



DNA Plasmid Fermentation



DNA Plasmid Purification



DNA Assay Development



Engineering Controls

HVAC design

• Air handlers

• Airlock setup and room pressurizations

• Room Classifications

WFI system

Disposable fluid path solution preparation

Liquid and solid biowaste systems

Uniflow building layout



Airlock Setup and Room Pressurizations

Separate air handlers for each area

Separation between production areas

is maintained by a system of negative

pressure airlocks protecting both

entry and return corridors

All airlock functions and room

pressure differentials are individually

monitored and alarmed



Dual capacity at 100 – 750 Liters and 750 – 3,000 Liters

Completely disposable fluid path to single use final containers

Final containers are sterile, disposable bags in mobile transports

Hynetics System



Flexible delivery of 19 utility systems

Approximately 9 miles of pipe

Over 180 miles of cable

Utilities



Dual use (prokaryotic/eukaryotic)

15L - 2000L

Bioreactor Capacity



ISO 8 and ISO 7 rooms in each train

Open design for maximum flexibility

Downstream Processing



Fill / Package / Finish Operations

Fill Range and Line Capacity:  

Vial Sizes:  2 mL to 5 mL vials

Manual Filling - < 100 to 5000 vials

Semi-Automatic Small Scale - 2000 to 5000 vials/shift

Continuous Large Scale - 5000 to 50,000 vials/shift

Barrier Isolator Technology utilized to allow both viral 

and non-viral filling capabilities

Validated cleaning between vaccine types

High quality Class 100 filling environment

Limits product exposure to contamination 

Full range of operation:  component preparation; sterilization; formulation; filling; inspection; labeling and packaging 



Liquid

• Dedicated validated plumbing leading to dual tank batch heat

inactivation system

• Inactivated waste is transferred to neutralization tanks then

to sanitary sewer

Solid

• All solid waste from the processing areas is transferred to a

sterilizing macerator

• Resulting waste is dried and disposed in regular trash

Biowaste



cGMP Compliance

Over 1 million pages of
QA documentation to date in validated
electronic document control system



Preclinical Safety Studies

8, 30 & 60 days
qPCR

I.M.*
Biojector®

Day 1

2 mg

(0.5 mL)

5/sex/time

3/sex/time

5/sex/time

Biodistribution

48 hr & 2 wk
post-last dose

I.M.*
Biojector®

0,1,2 Months**

8 mg*

(4 X 0.5 mL)

n/a

5/sex/time

5/sex/time

Repeat-Dose

Toxicity

30 day Integ.
qPCR (thigh)

Endpoints

Integration

I.M.
Needle & syringe

Route

Day 1Regimen

100 gDose

n/a# plasmid controls

4
L + R pairs pooled

# neg. controls (PBS)

9
L or R quadriceps

pooled

# animals

Test System

* Maximum dose/ same route of administration in trial ** Later studies used n+1 trial dosing





Repeated-Dose Toxicity Results

All animals survived to sacrifice

Minimal to mild erythema & edema at injection sites in some controls

and all treated animals

Correlated with histopathology at injection sites

Other sporadic findings considered incidental for species

Measures included: Mortality, Morbidity, Clinical obs., Physicals, Inj. site

Draize score, Body wt & Food consumption, Ophthalmoscopic exams,

Clinical pathology, Organ weights, Gross & Histopathology





Final Release of Investigational Vaccine
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