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The Role of PAT at CDMOs

Process Control Data Acquisition

1. Enhancing the “D” in CDMO with

Advanced Process Development Synch ronized

PAT

Solutions

2. Shift from quality testing to online
monitoring, predictions, and control

3. Elevate Manufacturing Safety and
Reliability

Process Data Analysis and

Understanding Visualization
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Presentation Notes

The goal of PAT is to design and develop dynamic manufacturing processes that can compensate for variability in both raw materials and equipment, in order to consistently ensure a predefined quality at the end of the process. The central objective is to generate product quality information in real-time, so current and downstream operations to be adjusted accordingly. PAT aims to ensure that all sources of variability affecting a process are identified, explained and managed.

CDMOs increasingly need to demonstrate a strong track record of implementing QbD, PAT, and continuous improvement
Meeting the continuous processing challenge is becoming ever more critical due to the need to significantly shorten drug development time, optimize cost efficiency, reduce wastage during production, and to find ways to execute drug development with smaller quantities of available high-value API’s. 



Contract Manufacturing Industry Trends

Top new product development areas needed at CDMOs

46%
35% 339
. . 28%
Real-time, In-line Continuous Automation: Bioprocess DoE, PAT, etc.
Testing Bioprocessing Control and Monitoring

PAT and other types of advanced process models for process control are pivotal to support the industry trend
toward continuous manufacturing

4 17th Annual Report and Survey of Biopharmaceutical Manufacturing Capacity and Production, BioPlan Associates, Inc., April 2020 \ A?D? I bg



Contract Manufacturing Industry Trends

Hurdles Hindering Implementation of PAT

64%

57% 57%
5% 49%
I I 38%
Time required to Insufficient expertise Cost Uncertainty on how Implementing PAT Don't want to
implement regulators will deal with increases risk of document potential
information generated regulatory evaluations problem areas
by PAT

The industry’s primary perceived difficulties in implementing PAT involve allocating the time and staff to perform
this task. But there may be other factors in play as well: Lack of understanding, familiarity and associated fear may
also be holding back industry-wide adoption of PAT.

5 17th Annual Report and Survey of Biopharmaceutical Manufacturing Capacity and Production, BioPlan Associates, Inc., April 2020 \ /\?D? I ng



Why PAT Adoption is Expected to Increase

4 N

PAT and other quality
programs are expected by
the FDA and other
regulatory agencies

\ /

4 N

PAT is accepted as
providing for more robust
bioprocessing and overall

being cost-effective

\_ /

4 N

Strong business cases can
be made for wide adoption
to maximize yields, obtain
consistent high-quality
product, and minimize
quality defects

\_ %

4 N

Continued improvementin
sensors, probes, software,
and analytical equipment

\_ /
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Considerations for Implementing the PAT Strategy at your CDMO

#1Versatile

H#2 Modular

#3 Scalable
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When investigating PAT implementation CDMOs must be assured of the ROI beforehand.

Therefore the technology should be…..

Versatile = not product or application specific 

Modular = the concept of modularity is important when considering operating costs so that the CDMOs can maximize the use of the technologies

Scalable = ability to be easily rolled-out and expanded within the company – working in a high-paced environment creates the opportunity for intensive learning by the CDMOs  

https://www.pharmtech.com/view/pat-continuous-api-manufacturing-progresses



Best Practices for PAT Roll-out

Manage PAT

as a strategic

initiative

= Effective
sponsorship

= PD and Mfg.
involvement

Do quantified

justification

= |ncreased
quality

= Faster product
release

* Reduced cycle
time

= Reduced labor
costs

Do system
architecture
planning

= System
integration of
instruments,
software, data
management,
process
control

Have cross-
organizational
involvement

= PD, Mfg.

Quality,
Regulatory

Deploy the
right skill sets

= Additional
workload and
skillset

= Don't be afraid
torely on
contractors

Develop a
program plan

Phased
approach to
implementing
architecture,
resource plan,
skill sets
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Market Trends

Market growth
High demand
Murnber of drugs supplied
Global reach and ermerging markets

roduct classes
nt modalities
d medicine

Uncertainty
Clinical efficacy; Dase requirements
Product approwvals; Complex regulations
Cremand, competition and market share
Regional/political requirements

Cost pressure

g BioPhorum BIOMANUFACTURING TECHNOLOGY ROADMAP

Business drivers

Facility flexibility
Facility design and scale

Multiproduct capability
Regional manufacture

Flexibility : Desired reduced changeover time by 90%

Speed
Speed to clinic
Speed to build

Speed to market
Speed to supply

Required reduced build up time by 70% and lead times by 80%

Quality Gui
: A uidance for Industry
RS o I i Sk PAT — A Framework for

Comparability requirements
Qlaihl'.lfris? ﬂ];ﬂllmt Innovative Pharmaceutical
Development, Manufacturin
cmt uf mﬁw - .Ip nnnnn :’ nnnnnnnnnnnnn g’

Required 10X process robustness ﬁ

Desire 90% price reduction in manufacturing cost and Capex
SARTORILS



SU BioPAT®
Conductivity Flow

—F—

SU pH for Mixing Downstream BioPAT®
mixing applications processing Pressure

Synchronized

PAT

Solutions SU pH for
STR
J
Upstream Optical DO
processing
) 4
Optical pH
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PAT, Automation & Software Market Trends

Major Trends - Intensified | Data-Driven & CQA Control | Plug&Play

1. Intensified processes - seed train, continuous downstream processing
2. Data driven process development, QbD and PAT- CQAs monitoring and control
3. End-to-end connectivity with Plug&Play, Modular and standard interfaces

Basic Single-use sensors and CPP measurement becomes commodity, new complex processes require higher degree of
sensing and control, namely for CQAs, and modular automation that connects seamlessly to other platforms. Deployment of
new business models will require the secure access (and measurement) of business relevant data.

UTU

Customer needs are

Im[:oo:c;nt PAST Evolutionary changes Plug&Play B evolving!
Performance in progress. nd2end connectivity Complex processes and
CQA analytics & control advanced automation
Remote Services require advanced services
Important reliqbility, . Advanced control strategies and are key for future
supply EZZ'&:ecsalab'“ty (MPC, adaptive) Winning Proposition

Smart SU sensors (SW enabled)

Basics Singlg—use SU Sensors, CPP analytics & control
Manufacturing Platform B
Scalability
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Intensified SU process requirements

Intensified processes can be automated by advanced analytical

technologies .
co, g Exhaust cooler Reqwrements
Air — . )
Cell = cell retention device
Bleed pum Bleed . .. .
» . ©° = realtime, robust sensor technologies in-situ

= automated control loops for feed and
@ bleed

Feed Media .
pump Feed Advantages of perfusion

= extended process time

= up to 5-fold enhanced productivity per

Cell Mass bioreactor
Sensor

Glucose
Lactate
Sensor

= maximizes product/cell yield
= reduced CoG

e Advantages of automation
iltrate pump

Filtrate

PID
controller

= 100% batch monitoring

Refine
ATF

» reduced risk of contamination

= free up operators

| Balance |

y'y = increased quality and productivity
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This slide discusses the requirements of the SU BIOREACTOR for intensified processes. This will be the introduction to the STR slides, that follow after the introduction of the general scheme of glucose control and 



Intensified SU process requirements

Cell bleed control is fundamental to perfusion processes

o, Exhaust cooler
Air —i .
Cell
o, Bleed pump Bleed
Air »
&
Feed Media
pump Feed
Glucose Cell Mass
Lactate Sensor
Sensor

14

PO,

pH

| Balance |

Filtrate pump

Filtrate
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Introduction to cell bleed control



Intensified SU process requirements

An inline biomass sensor continuousl

15

E Exhaust cooler

Cell
Bleed pump Bleed

Feed Media Q
pump Feed

PID
controller

Cell Mass
Sensor

Filtrate

Filtrate pump

Refine
ATF

Balance |

y controls the cell bleed

500 -

400 -

300
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VCD [x 105 cells/ml]

daily bleeding of
cells
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bleed rate equals growth rate to maintain a steady cell density



Intensified SU process requirements

Nutrient control is fundamental to perfusion processes

o, Exhaust cooler
Air —i .
Cell
Co, Bleed pump Bleed
glr 7 @
N2
Glucos @
e Feed Media
pump Feed
Glucose Cell Mass
Lactate Sensor
Sensor
PO,
T Filtrate pump | Filtrate
pH
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Introduction to low glucose control


Intensified SU process requirements

An integrated glucose/lactate sensor can control a low glucose
concentration .

co,
Air
0, 1
= | ‘
= =Glucose
p— T
Glucos Feed // L - Lactate
e pump / 3
Feed i =
@ 2 B
W a
G} , 3
Glucose
Lactate
Sensor 0
PID o 2 4 6 8 10 12
controller Run Time (day)

17 Source: Advanced process monitoring and feedback control to enhance cell culture process production and robustness. Zhang et al., Biogen, Biotec and BioEng, 2015 SARTORILS



Intensified SU process requirements

The integrated advanced analytics allow automated process control

Cell
Bleed pump | Bleed
»
\ZJ

@
Feed Med|a
pump H BioPAT®
MFCS
Balance
CeII Mass
Sensor

Filtrate

Glucose
Lactate

BioPAT® Sensor

MFCS

Refine
ATF

BioPAT® Trace & .,LJ
| . | Balance _____| BioPAT® ViaMass
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Introduction to how the intgerated analytics in the STR can provide everything necessary for intensified processes as discussed before.


On advanced system,  the BioPAT Trace can enable  advanced control loops based on Glucose and Lactate,  event based feeding strategies.

The other, the BioPAT Viamass, for advanced perfusion control Strategies via automatic control of feeds and bleeds. Also, Robust and reliable determination of time of harvest or Tranfer of inoculum.


Family Strategy

Integrated Modular End-to-end (Upstream & Downstream) Platform(s)

Advanced single use PAT and software enabling well understood and controlled processes to drive faster
process development, consistent product quality and higher manufacturing efficiency with an exceptional

user experience.

Intensified. Automated. Predictive.

- --uﬁ PR T e
et U e ey e |

[ -
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BioPAT® ViaMass
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Sartorius Spectroscopy Platform enables QbD in Ambr® and
BIOSTAT® STR

The main challenges with spectroscopy in bioprocess
are: model building, scalability, and single use =
integration l '

n B e

=0 L]

&i&\ ‘ Our Answer:

~_d BioPAT®Spectro
Integrated Spectroscopy
Platform
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The BioPAT Spectro, platform,   enables QBD in Ambr and Biostat STR.   

Here you see a diagram of our BioPAT Spectro platform.   Holistically,  we are providing seamless Raman spectroscopy integration into the Ambr systems and  in the Biostat STR in the Single use format.    Our objective is to solve the historic challenges associated with Raman in upstream bioprocess -  to make the model building process more automatic,  to quickly generate robust models,  and to ease the challenges around transferring a Raman model from PD to Pilot and Commercial Scale.  

Our Go to Market approach is targeting customers running mammalian processes – primarily mAb producers,   this segment is our focus,  and  where we have full confidence in our solution.

The Bioprocess industry has dabbled with Raman for more than a decade -  however,  it has largely remained on the fringe, mainly adopted by  only the largest biopharma manufacturers and other early adopters.  A few of the key challenges have been,   lack of true SU sensor integration,   customer bandwidth challenges in PD,  with bench scale adapted systems,   and significant difficulty in transferring a model from PD to manufacturing



.

BioPAT® Spectro was designed to meet three key requirements

* Enable Raman spectroscopy in high throughput process development
* Facilitate the model building process

* Full single-use integration and scalability for commercial manufacturing

-,
%, D . _
I.

ambr® 15 cell culture ambr® 250 high throughput 50L 200L 5000 1000L 2000L
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The good news  is that we have come to market with a very innovation solution,  we have designed the Spectro to meet all of these challenges. With these requirements:   and really hope to enable Raman Spectroscopy for the greater market.

Enable Raman in HT process development

Facilitate the model bulding process

Full single use integration and scalability for commercial manufacturing.




BioPAT®Spectro - integrated in Ambr® 15 and Ambr® 250 high
throughput

connection of a Kaiser connection of a Tornado
Raman Spectrometer Raman Spectrometer
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Our initial launch  in (March of 2020) of the BioPAT Spectro was via integration into the Amber systems  -  with the primary use case around high throughput development of Raman models,  and to introduce Raman for Process Development work.  

For a quick overview of this integration,   here you see the Ambr 15 and Ambr 250HT on the Top of my slide.   On the left side of each system is a small white box… the analysis module.   The process starts with    the Ambr liquid Handling robot  automatically taking a sample from each vessel and bringing it to the Spectro flow cell (pictured on the bottom left of my slide).  This flow cell is connected to either the Kaiser Optical Systems,  or Tornado Spectral systems spectrometer (pictured on the bottom right) -  where the sample is scanned with the Raman system.  With the Ambr, It is also possible to run automated spiking routines.

This system is really… a high throughput data collection machine,   because everything is automated (including sampling and data collection). With the Ambr,  it is possible to gather enough data ( up to 600 data points) for robust and transferrable model building in a single Ambr run.

Because the Ambr has the integrated MODDE software,  and the possibility for automated Spiking, we can develop a  very large design space, and build causal models.  The Ambr Software also includes SIMCA Q,  for running models.






BioPAT® Spectro single-use, inline integration in Biostat STR®

connection of a Tornado connection of a Kaiser
Raman Spectrometer Raman Spectrometer

"’ I-

BioPAT® Spectro single-use portin BIOSTAT STR®

standardized optical design: same probe for ambr® and BIOSTAT STR®

23 SARTORILS
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For Larger Scale bioreactors,  used in pilot or commercial operations,  the missing piece of the puzzle, has been  the  availability of a fully qualified and pre-sterilized single use port Integration.  

You can see the single use port (pictured on the left) installed in a 200L STR system,    Our customers will be able to buy the Flexsafe STR bags with  these pre-welded and pre-sterilized ports.  setup and operation is simple….. where the user simply connects the Kaiser or Tornado probe onto  the  port.   And I should also mention that both the probe and port design are identical for both the Ambr and STR. This is a major factor in model transferrabilty.

….Later  in 2021,  we are launching the BioPAT Spectro for Flexsafe bags in the Biostat STR 50-2000L scales.   Sartorius will be the first and only supplier in the industry to offer this single use raman technology integration.    Starting in the March/ April timeframe,  we are engaging with early access partners such as  Lonza and Roche, and Sanofi for evaluation -  full launch of quailified Flexsafe bags with Spectro port will come in Q4.


So the Value proposition for the Flexsafe STR intergration is aroung port sterility,  ease of connection,  isolation of media from bioreactor variable (gassing, etc),  and easy model transferrability.






.

Publication (released) - GSK, model building in ambr® 15
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Predictive Models

@

y =x-1512e-07
|R2 = 09843

[ 9 . ambr15_Run1_als
.ambr1 5_Run2_als
.ambr1 5_run3_als

Glucose
RMSECV: 0.40 g/L

Measured Glucose Concentration

Predicted CV Glucose Concentration

y =%+ 4.251e-05
|R2 =0.9226

Measured Product Concentration

v .ambﬂ 5_Run1_als
,.‘ .ambﬂ 5_Run2_als

M ambr15_run3_als

Protein
RMSECV: 0.37 g/L

Predicted CV Product Concentration

Measured Lactate Concentration

Measured Glutamate Concentration

y = x|- 0.0001769
1R2 =/0.9753

y = x + 1.208e-05 v
{R2 = 08187 LS ’/‘

e .ambﬂ 5_Run1_als
./" . ambr15_Run2_als

&/ Il ambr15_run3_als

o J

Lactate
RMSECV: 0.29 g/L

Predicted CV Lactate Concentration

o . ambr15_Run1_als
.ambﬂ 5_Run2_als
. ambr15_run3_als

Glutamate
RMSECV: 0.15 g/L

Predicted CV Glutamate Concentration

Publication Submission

Confidential

Data source: GSK Stevenage, Performed
with a prototype spectroscopy integration
and a Tornado Raman spectrometer.

https://aiche.onlinelibrary.wiley.co
m/doi/full/10.1002/btpr.3074
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Also like to point out some of the beta test work that was done wit hGSK and merck.


https://aiche.onlinelibrary.wiley.com/doi/full/10.1002/btpr.3074

.

Easy model transfer due to platform approach

16 Colored according to Spiked with NO ID 55
e o 333 g/L Glucose . . ® Raman _
é 14 1 2 B 7.1 g/L Glucose ®] ® manual sampling
T

12 <l 4.5, n
g
= 10 Q4
= 3
3 8 S 35
o (@]
D 6 3
(@)
S 4 25
=)

2 5

0 15

0 2 4 6 8 10 12 14 16 batch age
glucose g/L (Raman prediction) 9
model buildingin ambr® 250 direct model transfer to FlexSafe STR® 200L

STR and ambr runs happened at different sites

different seed train & media lot and reference method was used

the raw ambr model was used without any additional data from an STR
offset correction was performed based on first reference measurement

* glucose model built using two ambr runs of
eight vessels each

» spiking two glucose stock solutions

* RMSEcv=0.34¢g/L

o5 Data source: ambr® 250 high throughput & BIOSTAT STR® 200, with Kaiser Raman spectrometer and probe; Marek Hoehse and Mike Sibley, Sartorius S/\?T\ )? I ng
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Lets take a look at some data -  and this is our own data set to highlight  spiking and model transfer,  done at our Royston UK facility.

2 ambr runs -  8 vessels each,   build a glucose model
used high and low concentration spiking -  where we want to extend the range,  but to also to overlap the spiking range with the standard insitu data.
in red and green is the spiked data -  

without spiking you would have a range of 0-8 with spiking this increases to 0-16

on the right -  from 250 to 200L -  1000 time bigger
you see the once a day offline measurements in blue -  in black is the ramn model from the ambr (pure ambr model applied to the STR)
used the first data point with an linear offset correction 
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Data acquisition and consolidation is fully automated in ambr®

27

SIMCA®

‘—m it B o

....................................................................................

SIMCA-ready data file
*spectral data
«offline data

ambr®
fi)é ii.l.l ...... .I.;IJ..: [ B B computer .".:. lllllllll ‘.
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Data acquisition and consolidation is fully automated in ambr®

SIMCA model file
' ambr®
- computer | .

28 SARTORILS



Building a calibration models in SIMCA®

= Experiment(s) run to generate good calibration data
= DOE strategy for spiking of samples

= Data exported from BioPAT® Spectro
= Digitized spectra
= Concentration measurements of analytes

= SIMCA® is used to create calibration model
= PLS or OPLS regression used

= SIMCA® model(s) exported back to BioPAT Spectro

= One calibration model for each analyte

= Development or manufacturing application

= BioPAT Spectro use Raman spectra to predict analyte
concentration

29

Spectra

Concentrations

PLS
OPLS

Glucose
2.740
2.010
3.750

3.690
3.690
3.690
5.230
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Simplifying Progress

Demo of SIMCA®

Creating a Glucose calibration model for BioPAT® Spectro
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SIMCA® and how to learn more

31

SIMCA® is a powerful data exploration tool based
on multivariate correlation

Versatile - Works on any type of multivariate data

Provides
= Data overview and pattern recognition
= Classification and quantitative regression
= Data driven trouble shooting and deviation analysis

Visualize hidden trends and patterns not seen
in univariate analysis

Free webinars on many data analytics topics

www.sartorius.com/umetrics

SARTORILS



SARTORIUS

Simplifying Progress

Thank you!
Time for QKA

Tiffany McLeod (Tiffany.Mcl.eod@Sartorius.com)

Henry Weichert (Henry.Weichert@Sartorius.com)

Stefan Rannar (Stefan.Rannar@Sartorius.com)
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