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Organisation — PICLU etapp2

Projekt 3 — Quality by Design and Control
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Novo Nordisk at a glance | .=
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More than 40,000 employees in 75 countries
A world leader in diabetes care since 1923
Leading position in:

- Haemostasis management

e Growth hormone therapy
e Hormone replacement therapy

Total net turnover (2013): —84 billion DKK
R&D spent (2013): ~12 billion DKK L —
Committed to financial, environmental and social results
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Biopharmaceutical production
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Mathematical Modelling — Unit
Operations

e Chromatography
e |Jon-Exchange (IEC) — mAbs, Haemostasis, insulin, GLP-1...

e Size Exclusion (SEC) — Haemostasis

e Hydrophobic (RP/HIC) - Insulin

< Multi-Modal (MM) — Heemostasis, Fab fragments...

e Affinity (AC) — Haemostasis

= Scaling — "All”
e Chemical Reactions/Modifications

e PEG-modifications — Haemostasis

= Acylations — Insulin, GLP-1

= Enzymatic reactions etc. — Heemostasis, hGH, Diabetes...
e Formulation

- Stability — "All” (e.g. mAbs, Insulin...)
< Membrane Processes

« Filtration and virus filtration — hGH, "Vira”... Q
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Mathematical Modeling - Use

 Process and analytical development

e Process optimisation

e Process validation/challenge and critical parameters
e Plant design

e Process control (PAT)

e Trouble shooting and deviation handling

e Process understanding and Design Space

- Scaling of chromatography

novo nordisk’
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Case Story: IEC Process, Trouble shooting
Starting material: 81% C, 8% A, 2% B and 9% D

— Experiment C
- - - Simulation

Non protein peak

Absorbance
uoneUadU0I Jes

Dimensionless volume
o
Simulation and standard process compared
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Case Story: Reaction on previous step went wrong:

Starting material: 39% C, 1% A, 1% B and 59% D

. C D -+ 0.080
Simulated
il chromatogram \ / -~ 0.070
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Standard method process A
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Case Story: New In-silico process

oD

X /D
— Pilot plant ,
- - - Simulation
A B
L l \' e
0 2 4 6 8
cV

Simulation and process compared
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Case Story: Results

Slide no 14

After last step Purity [%] | D [%] B [%0] Yield [%0] Other
Standard

method™* 96.9 0 1.04 75 2.06
Modified method 97.5 0] 0.83 68** 1.67
Comparison between new and standard method
* Mean of all batches
** Loss due to low load (loading on total polypeptide concentration)
< More pure than normal
- Lower yield
< The batch was released
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Other Applications: Simulated elution profile
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Other Applications: Resin Properties

» 'Vendor states the ionic capacity varies -10%/+20% |
Simulation with different ionic capacities
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Personer och delprojekt
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Samarbetsprojekt

 Modellbaserad design * Modellering

— Gemensam — Gemensam
problemformulering problemformulering
— Problemldsning, LU — Experimentella

studier, NN
— Modellering, LU

— Teknikdverforing, NN
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Aktiva

Doktorer och doktorander

Marcus Degerman
(PhD 2008-2009, postdoc 2011-2013)
Design of robust preparative chromatography

Karin Westerberg (2008-2012)
Modeling of quality and safety in
biopharmaceutical production process

Niklas Borg (2008-2013)
Modeling and calibration of
preparative chromatography

Frida Ojala (2010-2015)
Modeling of protein aggregation

Karolina Johansson (2011-2016)
Modeling of hydrophobic interactions

Anton Sellberg (2014-2018)

Novo Nordisk
Softhouse



Ca 50%

_ _ Industri-
Examensarbeten inom projekt 3 relaterade

1) Niklas Borg (2008), Fast model calibration...
2) Fredrik Nielsen (2009), Optimization of ion-exchange... (Novo)

3) Niklas Andersson (2009), Simulation of continuous chromatography...
4) Marcus Almqgvist (2009), Modeling and calibration ... using gProms

5) Mikael Edmundsson (2011), Metodik for modellkalibrering...

6) Karolina Johansson (2011), Flexible pooling... (Pfizer)

7) Alex Olsson (2012), Calibration and optimization... (Novo)

8) Peter Fransson (2012), Robust optimization...

9) Owais Sulehria (2012), Data to Knowledge...

10)Bruno Otero Garcia (2013), Optimization of two connected steps... (Novo)
11)Anton Sellberg (2013), Design space...

12)Emil Hakansson (2013), Simulated moving bed... (ETH,Novartis)

13)André Bugge (pagar), Optimization of integrated separation... (Novo):
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Publikationer — 1 tidskrifter

1.

10.

11.
12.

F. Ojala, M. Degerman, T. Budde Hansen, E. Broberg Hansen, B. Nilsson: H
Prediction of IgG1 aggregation in solution. 4 (aV 10) artlklar
Biotechnology journal, (Online April 24, 2014), 2014. ti”SammanS

B. Otero, M. Degerman, T. Hansen, E. Hansen, B. Nilsson: .
Model-based design and integration of a two-step biopharmaceutical production process. med NOVO Nord|Sk
Bioprocess and biosystems engineering, (Online March 2014), 2014.

N. Borg, K. Westerberg, N. Andersson, E. von Lieres, B. Nilsson:

Effects of uncertainties in experimental conditions on the estimation of adsorption model parameters in preparative
chromatography

Computers & Chemical Engineering, 55 148-157, 2013.

K. Westerberg, E. Broberg-Hansen, L. Sejergaard, B. Nilsson:

Model-based risk analysis of coupled process steps.

Biotechnology and bioengineering, 110(9) 2462-2470, 2013.

K. Westerberg, E. Broberg Hansen, M. Degerman, T. Budde Hansen, B. Nilsson:

Model-Based Process Challenge of an Industrial lon-Exchange Chromatography Step

Chemical Engineering & Technology, 35(1) 183-190, 2012.

K. Westerberg, N. Borg, N. Andersson, B. Nilsson:

Supporting Design and Control of a Reversed-Phase Chromatography Step by Mechanistic Modeling

Chemical Engineering & Technology, 35(1) 169-175, 2012.

K. Westerberg, M. Degerman, B. Nilsson:

Pooling control in variable preparative chromatography processes.

Bioprocess and biosystems engineering, 33 375-382, 2010.

M. Degerman, K. Westerberg, B. Nilsson:

Determining Critical Process Parameters and Process Robustness in Preparative Chromatography - A Model-Based
Approach

Chemical Engineering & Technology, 32(6) 903-911, 2009.

M. Degerman, K. Westerberg, B. Nilsson:

A Model-Based Approach to Determine the Design Space of Preparative Chromatography
Chemical Engineering & Technology, 32(8) 1195-1202, 2009.

M. Degerman, N. Jakobsson, B. Nilsson:

Designing robust preparative purification processes with high performance

Chemical Engineering & Technology, 31(6) 875-882, 2008.

+ tv& under review

+ ytterligare tvd manuskript
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Sammanfattning

o Samarbetet mellan LU och Novo Nordisk
— Gemensamma problemformuleringar
— Mycket arbete av doktorander vid Novo Nordisk

— Resultat "0verfors” till Novo Nordisk.
Novo fortsatter utvecklingen for “industrianpassning”

— Gemensamma publikationer

— Novo har haft mgjligheten att satt in resurser,
egna och vid LU.

Projektet har karaktariserats av
Langsiktig och 6msesidig kompetensutveckling

UNIVERSITY
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