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Vaccines Cell Therapy Gene
Therapy

Antibodies ADCs Biosimilars Proteins and
Peptides

Vectors Nucleic
Acids

INTER-SCALE DISTRIBUTIONS

Lab Clinical Commercial

• Lab and Clinical 
operations make up a 
majority of the CDMO 
operations

• 57% of lab scale, 56% of 
clinical scale operations 
have been occupied by 
vaccines, antibodies, and 
proteins and peptides

Roots Analysis, Biopharmaceutical Contract Manufacturing Market (3rd Edition) 2019-2030 (2019)

Presenter
Presentation Notes
Gene therapy is the transfer of genetic material in a carrier or vector, and the uptake of the gene into the appropriate cells of the body. Cell therapy, on the other hand, is the transfer of cells with the relevant function into the patient. 



Bioprocess Development Technology Trends
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In-Silico Experimentation This disruptive technology influencing all industries 
including Pharma and Biotech and the hype is real. In-silico-based tools are part of 
drug targeting, screening and discovery, clinical studies and predictive analytics 
related to any risk involved.

High-throughput Process Development Involves the miniaturization, automation, 
and parallelization of process development activities – proving for a systematic 
approach for time- and resource-efficient workflow.

Continuous Bioprocessing The intensification of both upstream and downstream 
operations will requires higher levels of control during PD and presents new scale-up 
challenges. 



Bioprocess Development Technology Trends
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In-Silico Experimentation High-throughput Process 
Development

Continuous Bioprocessing

Digital TwinSoft Sensor

...
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Why Regulatory Agencies are Pushing Quality by Design (QbD) 
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“QbD means designing and developing manufacturing processes during the product development stage to consistently ensure a predefined quality at the end of the 
manufacturing process.” ICH Q10, FDA 2006

Mathematic
al Modeling 

(i.e. DOE)

Perform 
Risk 

Assessment
Identify 

Objectives

Set QTPPs

Determine CPPs Factors

Determine CQAs Responses

Design Space Control Strategy
Ongoing 

Monitoring and 
Improvement

Process 
Optimization

Process 
Characterization

Continuous 
Process 

Improvement

Presenter
Presentation Notes
QTPP = quality target profile 

QbD in it’s essence is about greater process understanding and control.

What I want to highlight here the level of effort it takes to go through the motions of QbD – and that it really has created an even greater need for process development expertise. 

Meeting QbD requirements increases the level of work that must be completed during early process development phases, but the increased process understanding enables greater process control. The result is more robust processes with higher yields and productivities, and fewer impurities and process variations. In addition, troubleshooting and problem resolution generally can be achieved more rapidly with enhanced process knowledge.



Why Should CDMOs Have Strong QbD Packages?

8
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Presenter
Presentation Notes


Attractor for Potential Partners: PD experts represent the most in-demand personelle in the speciality services domain. 

Ensure Well Developed Scalable Processes: If quality is built inside a product development process, the updating of regulatory documentation following any manufacturing process adaptations may only require minor variations to be made. This is because a deep knowledge of the process and its parameters has already been established and data has been collected to support any updates

Reduce Risks and Delays: Risk assessment is the backbone of QbD. Risk Assessment ties QTPP, CQA, CPP and Control Strategy together. We call this Quality Risk Management in the ICH Q9 guideline.As the first step in a QbD project, the seemingly “unimportant” activity of risk assessment during development can have a sizeable impact. Not only can it jeopardize a QbD initiative but also delay the launch of a new product. As an estimate, a drug launch delay may cost the company $1M per day (a rough estimation but heard at a conference) and possibly more for the patients.




How Can CDMOs Develop Strong QbD Packages?
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and 
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Presenter
Presentation Notes
Focused expertise in analytics and PD: Organizational Aspect

Wealth of Knowledge and Experience: Drawing on knowledge gained from experience, a CDMO can move quickly in identifying critical steps, building a robust model to plan, and designing experiments to address problems. A CDMO can help it’s clients formalize information, determine gaps, and work to build the program to meet the quality and regulatory requirements.

Develop Clear Strategies:
 Many clients prefer to form strategic partnerships with CDMOs that have a culture and processes designed to encourage collaboration with client personnel and across functions (such as process development, manufacturing, and quality assurance) within the CDMO. Dedicated program and project managers that serve as the main points of contact and work closely with clients are often effective at facilitating this much-needed communication. 
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Fully Scalable Range of Single-Use Bioreactors from 15 mL to 2000 L 
Following Conventional Stirred Tank Design Principles

Presenter
Presentation Notes
Virus
mRNA
viral vector
recombinant proteins



Ambr® 15 Cell Culture

 Clone selection

 Media and feed screening 

 Early process optimization 

 Batch, fed-batch and perfusion 
mimic

More representative Predictive

 Transient transfection studies

 Mammalian and insect cell lines

 Suspension cell lines and adherent cell 
lines on microcarriers (e.g 293, Vero)

 Applications ranging from recombinant 
protein vaccines to viral vectors and mRNA

Presenter
Presentation Notes
Primary applications are (1) Clone screening (2) Media screening / feed development (3) Process development studies – feed strategy, parameter optimization
Most customers run systems with CHO, however many other suspension cell lines also used such as HEK (lentivirus production – gene therapy), T cells and NK cells (immuno-therapy)
plus some microcarrier work - MSCs on microcarriers (cell therapy) 
Modes of operation are batch, fed-batch and perfusion-mimic (no cell retention device so operation is not continuous)  





Ambr® 15 Generation 2 Workstation Features and Functionality

New Liquid Handler 
improves precision

New Culture Station 
design improves temp. 
control and increases 
stirrer speed range

New Flexible deck 
layout allows more 
process flexibility  

New Rapid vessel drain allows 
removal of culture or spent 
media from microbioreactors

New Large tip bin 
expands tip capacity 

Active cooling option24 or 48 vessels 
arranged in 2 or 4 

culture stations

Presenter
Presentation Notes
LHR - changes to the syringe pump and associated liquid handler gives significant reduction in dispense drift over high pipetting operations
120 minutes to exchange media becomes 12

Culture station stirrer control
new brushless motors
improved stirrer speed stability 
increased range: low stir speed setpoint 150 rpm


Culture station temperature control
new control PCB
faster temperature ramp up / down
improved temperature performance




Enabling Simple Consistent Clone/Strain Selection
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BioPAT ® Clone Selection

Currently the selection of the top 
clones or strains is performed upon 
visual inspection of specific quality 
parameters or one number readout 
(e.g. max titre or IVCC) 

The selection process is user 
dependent and the full power of 
using all available data with a 
balanced tool to give a robust 
priority selection is not fully utilized

Achieve a better and more robust
clone selection in a standardized way 
using a balanced priority of CQA’s

Presenter
Presentation Notes
WHY
Currently the selection of the best clone(s) is performed upon visual inspection of specific quality parameters or one number readout (e.g. max titre or IVCC) 
The selection process is user dependent and the full power of using all available data with a balanced tool to give a robust priority selection is not fully utilized

HOW
Make all clone screening data from the entire run available in a SIMCA-ready format (Excel) Use a “one click function” to present clone ranking based upon user selected priority CQAs
Standardized Graphical User Interface (GUI) for easy selection incl. raw data examination

WHAT FOR
To achieve a better and more robust clone selection, with confidence of the selection
To have a standardized way for performing clone selection using a balanced priority of CQA’s
Move towards a fully automated process for clone/media screening



This next-generation bioreactor system can enable and 
enhance your perfusion process development in these 
key areas:
Reduce complexity and setup time with single-use 

perfusion bioreactors 
 Increase experiment capacity and data consistency with a 

fully automated parallel system 
Gain predictive, scalable results with the industry standard 

Ambr® 250 bioreactor 
 Increase cost effectiveness due to media and labor cost 

savings 
 Improve development timelines and performance with 

larger studies and perfusion DoE

Ambr® 250 High Throughput: the Fast Track to Intensified Cell Culture 
Process Development

15

Presenter
Presentation Notes
Potential applications in insect cells, chemostat, aav



Ambr® 250 High Throughput Workstations

Class II 
equivalent 
BSC

12 or 24  
bioreactors
4 pumps each

Automated system for 
aseptic bolus addition 
and sampling

Bed locations for pipette 
tips and stirred bed 
location for 1 L and 175 
mL bottles

Chilled sample storage 
with an option for freezer 
positions

24 Vessel Perfusion Option12 Vessel

Perfusion pump 
towers and 
filters

13 feet
Analysis Module



Ambr® 250 High Throughput Vessels

Single-Use Vessel

Sparge 
tube

Liquid 
manifold

Rushton 
impeller 

Access 
cap

pH 
Electrode 

DO 
sensor 

Condenser

Baffles 

Biomass 
Sensor 
port

Foam 
sensor

Micro Carrier 
Vessel

30mm Rushton 
Microbial Vessel

Thermowell



Ambr® 250 High Throughput Perfusion Option– Key Features

 Fits into the existing footprint of a standard ambr®250 
high throughput system 

 Fully capable of operating in either fed-batch or perfusion 
modes

 ATF & TFF consumable includes a single-use perfusion 
filter and single-use pump chambers

 Includes a high efficiency sparger for enhanced oxygen 
transfer and capable of supporting high cell densities

 Single-use bleed and permeate bags

 Medium exchange of 0.5 - 4 VVD

 Integrated automation 



Integrated off-gas analyzers available 
for CO2, and O2 Measurement, as well 
as OUR, CER, and RQ calculation

Simple and efficient 
pH and gassing, and 
agitation connections

Variable speed ‘x pump’ 
allows for flexible use 
and quick reactor 
harvesting.

Workstation

Ambr® 250 Modular System

Single-Use Vessel



 Flexible Control Strategies:
 Setpoints can be based on a value, equation, profile, or even 

OPC input. 
Not just for pumps but also process parameters

 Easy to use Triggers
Variety of options available to easily automate the transition 

between phases of a process

 Flexible Control Loops:
Any process parameter or calculated value can have a 

setpoint and an output can be assigned to control it
 Implement advanced control strategies like DO-Stat in just a 

few clicks

 Calculated Variables
 Equations can be developed to calculated values based on 

various sensors and inputs
Can be used as triggers, controlled variables & PID terms

Easily Develop Advanced Control Strategies



High Throughput Upstream Process Characterization Platform Development—
Cost and Time Saving Comparison With Traditional Approach

 Ambr® 250 – 24 Vessel Configuration

 12x2L Standard Benchtop Reactors
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Presenter
Presentation Notes
Model does not account for footprint difference maybe it should? 6 std vessels the same footprint roughly?
Model doesn’t account for re-runs
Optimization of titer etc. would require additional DoE experiments
Assumes Glass Autolavable vessels for comparison not SIP
Assumes Process requires glucose feedback control (at least manual every few days)



Scalable, Automated At-Line and Real Time Process Monitoring and 
Control

NOVA Flex II 
with ESM

BioPAT ® Viamass

ViCell XR

BioPAT ® Trace

PAT facilitates the 
implementation of 

QbD!

Off-gas 
and Foam
Sensors

BioPAT ® Spectro

EC/SU  pH

From 15 mL to 2000 L SU bioreactors

BioPAT®

X-gas

BioPAT® Foam

Online 
BiomassAnalysis 

Module
w/ BioPAT 
Spectro

Presenter
Presentation Notes
Why do you need to be the ones who have to work out the adaptation and data integration for every sensor that you want to bring into your bioprocess.



Spectroscopy Platform across Scales enabling straight-forward Model-
Transfer 
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Enhanced 
Model 

building in 
small scale

Model 
validation in 
small scale

1. Model 
Building

Model 
application in 

small scale

Model 
application in 

pilot scale

2. Process 
Development

Model application in SU 
production scale bioreactors

4. 
Production

Model validation in larger scale

3. Model 
Transfer

Rowland‐Jones, RC, Graf, 
A, Woodhams, A, et 
al. Spectroscopy integration to 
miniature bioreactors and large 
scale production bioreactors–
Increasing current capabilities 
and model transfer. Biotechnol
Progress. 2020;e3074. https://d
oi.org/10.1002/btpr.3074

Presenter
Presentation Notes
STR at different site; different seed train & media lot & reference
Model application from Ambr: AS IS – no STR spectrum in model
                                         Offset adjustment based on first prediction



https://doi.org/10.1002/btpr.3074
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Ambr® and Data Analytics: The Perfect Match
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How can I maximize my 
Ambr ® data?



From Data to Decisions
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Sartorius Data Analytics tools examine large amounts of data to uncover hidden 
patterns.

MODDE® SIMCA®



Design, Execute and Analyze Experiments Quickly and Easily

 MODDE® Design of Experiments
Familiar interface for defining factors and 

responses.
Functionality to automatically import setpoints 

and extract responses from ambr15 experiments
Not only end point but min, max, timepoints, etc.
Software automatically accounts for system type 

(12, 24, 48 & culture station limitations)

 Experiments and Results Viewer
Quickly and easily explore pervious experiments 

and campaigns
Quickly generate tables and charts
 Investigate experiment audit trails
Combine and visualize data from multiple 

experiments

 Easy to Use SIMCA® Data Export
Quickly and easily export online and at-line 

sequential batch data for an experiment or entire 
campaign
 Interpolate data as needed



SIMCA® MVDA

Bioreactor Condition Optimization

Feed Strategy Optimization

Spectroscopy Calibration Modeling

Scale-up/down Model Verification

MODDE® DOE

Media Component Screening

Cell Line and Clone Screening

Bioreactor Condition Optimization

Feed Strategy Optimization

Bioreactor Characterization

Scale-up/down Model Development

DOE vs MVDA for Ambr® Experiments

28

vs



Challenge:
 A significant challenge for developing viral vector gene therapies is that is well 

characterized and can be scaled-up
Data Driven Solution
 Use DOE principals to identify which process parameters impact product quality and 

yield 
 Justify and adjust manufacturing operating ranges – control strategy - and acceptance 

criteria

Challenge:
 Not all commercially available media supports every cell line, therefore in some cases 

additional supplements must be added to improve cell performance
 The classical approach to media component screening is  time consuming and labor-

intensive
Data Driven Solution:
 Use DOE principals to systematically screen media components for productivity effects 
 Recognize interactions and define them early in the process, setting optimum levels 

accordingly

Ambr® DOE Examples
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Media Component Screening Bioreactor Optimization and Characterization

How to Optimize Cell Culture Media to Speed Biopharma Development, Sartorius (2018)
Optimization of HEK293t Suspension Cultivation with DOE-approach in the Ambr 15 Micro Bioreactor, Bollman, Riethmuller, 
Johansson, Tappe, R&D Regenerative Medicine, Sartorius (2019)

Presenter
Presentation Notes
DOE is a systematic approach to understand causality and design space.

An Ambr user who is looking to do DOE has to think about two things – factors and responses. 

Responses can be recognized as the variables that you are concerned about. In a cell-culture process this is often the level of productivity of the system. In downstream purification process, like TFF (tangential flow filtration), responses may include process yield, consistency, or performance attributes. 

Factors are the variables in the study that we believe influence the results or responses. In a bioreactor the factors can include process parameters like pH, T, pO2, etc.

Levels are the different factor values.  Each  experimental run investigates different combinations of the levels of factors. 







Challenge
 A significant challenge in cell-culture cultivation is predicting the nutritional 

requirements of the culture so that an appropriate feeding strategy can be implemented 
Data Driven Solution
 Use MVDA to identify and rank any potential inhibitors or promotors of cell-culture 

productivity in order to optimize feed strategy

Challenge
 PAT tools can (i.e. spectral devices, advanced sensors and analyzers) generate large 

amounts of  complex data presenting a challenge when it comes to interpreting accuracy
Data Driven Solution:
 MVDA is a fast and flexible spectral calibration tool that can handle multiple types of 

spectral data (NIR, IR, Raman, Fluorescence, Mass-Spec)
 It provides accurate prediction models for analyte concentrations can be used to 

optimize monitoring and control of the culture 

Ambr® MVDA Examples

30

Spectroscopy Calibration Modeling Feed-Strategy Optimization

Comparison of Spectroscopy Technologies for Improved Monitoring of Cell Culture Processes in Miniature Bioreactors, 
Rowland-Jones, van den Berg, Racher, Martin, Jaques, Biotechnology Process Volume 33, Issue 2, GSK (2017)

Metabolic Control in Mammalian Fed-Batch Cell Cultures for Reduced Lactic Acid Accumulation and Improved Process 
Robustness, Kanokovsky, Clemens, Müller, Bechmann, Berger, Schlatter, Herwig, Boehringer Ingelheim, Vienna Institute of 
Technology, Bioengineering Basel (2016) 

Presenter
Presentation Notes
Where DOE is about generating new data, MVDA is more about interpreting the large amounts of data that can be generated by high-throughput systems or their accessories. 

So when Ambr users are thinking about how MVDA can be applied think about what the available data you have is. Are you looking for patterns? Would you like to make predictions based off the data you have? Would you like to rank a certain set of parameters or components in your system?



Combining the Best of Both Worlds for Ambr® Scale-down Modeling

31

Combine multi-objective 
optimization criteria (DOE) 
with quantitative ranking 
(MVDA)

Squeeze all the value  from 
the data you have

Presenter
Presentation Notes
With that being said there is also opportunities to use both! I think one of best examples of that is to develop and validate scale-down modeling for Ambr systems. Where both MVDA and DOE were used. 



DOE and MVDA for Ambr® Scale-down Modeling
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MVDA Used to Evaluate Major Sources of Variability Between Ambr ® and 5L Reference Scale
DOE Establishment of Scale-down Bioprocess Models for Ambr Using Clustered Multivariate Analysis, Timo Schmidberger, Thomas Krieg, Sartorius (2020)

Presenter
Presentation Notes
MVDA is being used to analyze the time-series data and CQAs between the two different scales. 

Here the goal is to look at the differences between scales and the driving forces behind them. 



DOE and MVDA for Ambr® Scale-down Modeling
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 The goal in scale-down modeling  is to decrease  the distance between the scaled-down runs and the target scale
 To do this we can use MODDE® DOE  to evaluate the length                               and give suggestions as to how to change 

operating parameters to reduce scale difference

DOE Establishment of Scale-down Bioprocess Models for Ambr Using Clustered Multivariate Analysis, Timo Schmidberger, Thomas Krieg, Sartorius (2020)



DOE and MVDA for Ambr® Scale-down Modeling
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DOE Establishment of Scale-down Bioprocess Models for Ambr Using Clustered Multivariate Analysis, Timo Schmidberger, Thomas Krieg, Sartorius (2020)



DOE and MVDA for Ambr® Scale-down Modeling
Method Conformation
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DOE Establishment of Scale-down Bioprocess Models for Ambr Using Clustered Multivariate Analysis, Timo Schmidberger, Thomas Krieg, Sartorius (2020)

Presenter
Presentation Notes


MVDA-based scaling delivers superior process comparability vs. scaling on single parameters only

Physical limitations of different sized systems can only be taken into account by inclusion of multivariate data
Scaling by standard KPIs was shown to be insufficient 
Scaling by P/V results in impaired DO control



DOE and QbD are Key for CDMO Success

36

“The most successful CDMOs, therefore, have identified 
strategies for completing process development projects 
efficiently and effectively while incorporating DOE and 
QbD approaches that provide increased process 
understanding and lead to optimal processes.” 
Greg Flyte, GSK, CMO Alliance and Program Management

Putting the “D” in CDMO with Advanced Process Development, American 
Pharmaceutical Review, Greg Flyte (2016)

Putting the “D” in CDMO with Advanced Process Development, American Pharmaceutical Review, Greg Flyte, GSK (2016)



Visit the CDMO Landing page
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www.landing.umetrics.com/en/cdmo

Read the latest blogs and 
watch the recorded webinars

Try the ROI calculator Book a strategy session

Presenter
Presentation Notes
Links are added to each icon for the pdf once we make it available for download

http://www.landing.umetrics.com/en/cdmo
https://landing.umetrics.com/en/cdmo-calculator?hsCtaTracking=a9e186ce-bb7c-43fd-9ad6-b849596611cd%7C2e05c98b-704a-4eb0-a16f-af5a777f3452
https://landing.umetrics.com/cdmo-strategy-session?hsCtaTracking=bdc87892-833c-4c15-b7eb-0e307666a9fb%7Cd7fc5f56-6d41-459b-9f40-f2c73c20f7cd


Visit Sartorius at IFPAC 2021

38



How CDMOs can Digitalize their Cell and Gene Therapy Processes

39

Join our next webinar in the CDMO Webinar 
Series

March 24th 4-5 PM CET | 10-11 AM EST

More Info Can Be Found on the CDMO landing 
page

www.landing.umetrics.com/en/cdmo



Tiffany McLeod
Kevin McHugh

Thank you!
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