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Presenter
Presentation Notes
Thank you to ___________for the invitation to present YMC multi-column chromatography systems for lab and GMP production environments. My name is ______________ and I am the _________________ for YMC __________ (Group) . My talk will be approximately 30- 60 minutes and will touch on a bit about our division of YMC and focus on the production scale multi-column systems that we manufacture for advanced manufacturing of biologicals and pharmaceuticals. These slides will be made available to you so no need to take notes.
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Milestone 2018: Industrial GMP Scale-up of Continuous Downstream
Capture Step

TECHNICAL

Scale-Up of Twin-Column Periodic

Counter-Current Chromatography
for MAb Purification

James Angelo, John Pagano, Thomas Miiller-Spith, Kathleen Mihlbachler,
Srinivas Chollangi, Xuankuo Xu, Sanchayita Ghose, and Zheng Jian Li

%Z% Bristol-Myers Squibb

James Angelo and John Pagano are
scientists, correspanding author

Srinivas Chollangi is a senior scientist,
Xuankuo Xu is a principal scientist,
Sanchayita Ghose is a director, and
Zheng Jian Li is the execulive director af
Bristol-Myers 5quibb, Inc., 38 Jackson Rd,
Devens, MA 01434, USA, Thomas
Miiller-Spéth is COO at ChromaCon AG,
Technoparkstr. 1, CH-8005 Ziirich,
Switzerland: and Kathleen Mihlbachler is
global director of separations development
at LEWA-Nikkiso America, Inc. Bioprocess
Group, 8 Charlestown Streef, Devens, MA
01434, USA.

1 Scale-Up of Twin-Column Periodic Counter- Current Chromatography for MAb Purification, J. Angelo et al, BioProcess International, Vol. 16(4) April 2018

© YMC / ChromaCon




User data shows greater than 2X productivity and ~50%

buffer savings YMmL

PROCESS TECHNOLOGIES
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Paper published in February 2018: http://www.bioprocessintl.com/
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C ChromaCon

YML
Comparison of bench scale to GMP pilot scale performance
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Seamless scale-up of a continuous capture process, CaptureSMB verified

© YMC / ChromaCon



ChromaCon

YML

Continuous capture process at GMP scale

1g/L titer mAb

Customer1
%Z% Bristol-Myers Squibb
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Triple productivity or 67% less resin > 2X productivity or 50% less resin
and ~ 30% buffer reduction and ~ 50% buffer reduction




C ChromaCon

MADb Product Quality Results: CaptureSMB vs. Batch
Table  Impurity results for batch and pilot scale CaptureSMB
Concentration HCP DNA rProA HMW CE-SDS
Sample Name (g/L) (ppm) (ppb) (ppm) % Purity %
Single column { Batch Run 31.3 447 56 16 3.0 99.8
batch reference (product pool)
[ Run1 (product 30.2 464 42 18 2.9 99.8 )
pool)
CaptureSMB 7]
Run 2 (product 28.0 500 55 / 29 990.8
\_~ pool)

Comparable product quality with CaptureSMB

and Protein A single-column, batch chromatography

© YMC / ChromaCon



Seamless transfer from batch to continuous capture YM‘

Customer B — pilot plant process comparison; 5 g/L titer mAb LECHNICAL .
Scale-Up of Twin-Column Periodic

Counter-Current Chromatography

Batch capture Continuous capture for MAb Purification
Load 50 g/L resin Load 80 g/L resin
Total CV 17.3 L Total CV 1.6 L

. linear
linear

L [cmii]

— ] Pre-S anitization 3 400
Pre-Sanitization 3 300 Equilibration 3 400
Equilibration 3 300 Load 45 100
Load 10 150 Load interconnected 114 150
Wash 1 2 300 Wash 1 3 400
Waoh? T 00 _ TEEy i
Wash 3 3 300 Wash 3 3 400
Elution g 300 Elution 15 400
CIP 3 300 CIP 3 A00
Neutralization 1 3 300 Re-equilibration 3 400
Sanitization 3 300 Sanitization 3 400
Neutralization 2 3 300 Neutralzafion 2 3 400
Storage 3 300 Storage 3 400

The same process steps enables simple process transfer

© YMC Process Technologies 8



Presenter
Presentation Notes
Based on plate form process of customer, used CUBE to obtain initial process parameters, scaled up and optimized on the EcoPrime Twin and re-run by scaling down to CUBE

General load is 50 g/L resin using standard linear velocities of 300 cm/h during processing and 150 cm/h during load Using 17.3 L column.

Traditional batch process : 4.5 h processing time.  Design of continuous batch using the process parameters and optimize them to comparable linear velocities during load: all linear velocities of process are 400 cm/h now  Two 10x10cm columns with total volume of 1.6 L.  Load at 100 cm/h during parallel operation and 150 cm/h during interconnected

Continuous cycle time is 2.5 h approximately.  Increased load from 10 to 14.4 CVs, thus higher resin utilization and reduction in buffer. Faster processing linear velocity (400) , thus shorter processing time





Shorter process time; more productive YML

PROCESS TECHNOLOGIES

Customer B — pilot plant process comparison; 5 g/L titer mAb B
Scale-Up of Twin-Column Periodic

BatCh Capture Continuous Capture Counter-Current Chromatography
Load 50 g/l_ reSin Load 80 g/L I‘ESII’] for MAb Purification
Total CV 17.3 L TotalCV1.6L

linear linear

[cmih]

Cv

[crmii]

Pre-Sanitization 3 300 Pre-Sanitization 2 400
Eqm"bratlm 3 300 EﬂlJI"brE‘tIDI'I 3 400
Load 10 150 Load 26 100
Wash 1 2 300 Load interconnected 11.4 150

Wash 1 2 400
Wash2 2 300 Wash 2 5 400
Wash 3 3 300 Wash 3 3 200
Elution 5 300 E lution 35 200
CIF 3 300 P 3 400
Meutralization 1 3 300 Re-equilibration 3 400
Sanitization 3 300 S anitization 3 400
Meutralization 2 3 300 MWeutralization 2 3 400
Storage 3 300 Storage 3 400

Process time: 4.5 h Cycle time: 2.5 h

Faster linear velocity results in shorter processing time

Higher load 10 vs 16 CVs results in higher resin utilization & reduce buffer consumption

© YMC — EcoPrime Twin CaptureSMB LPLC


Presenter
Presentation Notes
Based on plate form process of customer, used Cube to obtain initial process parameters, scaled up and optimized on the EcoPrime Twin and re-run by scaling down to Cube

General load is 50 g/L resin using standard linear velocities of 300 cm/h during processing and 150 cm/h during load. Using 17.3 L column.

Traditional batch process : 4.5 h processing time.  Design of continuous batch using the process parameters and optimize them to comparable linear velocities during load: all linear velocities of process are 400 cm/h now   Two 10x10cm columns with total volume of 1.6 L.

Load at 100 cm/h during parallel operation and 150 cm/h during interconnected – Flow adjusted based on application requirements (feed titer and process steps)

Continuous cycle time is 2.5 h approximately.   Increased load from 10 to 14.4 CVs, thus higher resin utilization and reduction in buffer. Faster processing linear velocity (400) , thus shorter processing time!





Reproducibility and scalability YML

Customer B — 5g/L titer mAb: 80 g/L load

Peak # Column 1 Column 2
| | | Peak area Peak area

EcoPrime Twin run with 14-h process time 1 0.239 0.276

2 0.255 0.283

3 0.259 0.285

] L] ] aF 4 0.260 0.286
r'/—\:f | q:j:‘ ,j[ﬂ; | ﬂ[]; "- li h Average 0.258 0.285
o T Error % 1.1 0.7

Similar chromatograms when scaling up and down

Steady state can be reached
with first elution.

| | | | t | | |

Contichrom Cube run with 12-h process time Variability of peak area is ~1 %
at steady state

L poreocesl

CHMICAL
Scale-Up of Twin-Column Periodic

for MAb Purification

© YMC — EcoPrime Twin CaptureSMB LPLC



Presenter
Presentation Notes
Comparison of Twin and CUBE at same process parameters – results similar not only in performance but also in product analyses (not shown here) such as HCPs, aggregates, concentration …

Overall Twin process was 14 hours including shutdown. Again, the peak area of the first peak is off due to minimal process design efforts but then within 1 % error.
In this case highly overloaded as indicated by the breakthrough during interconnected phase.


Continuous Capture
Case Study #A

Customer “A”




Simple transfer from batch to continuous capture YM‘

Customer A - process development run comparison with 1g/L titer mAb

Continuous Capture

Total CV 1.6 L
o

Batch Capture
Total CV 7.85 L

; load Start-Up 15

: Linear
Cv h lpad Connected 27

CImi &

k] Load Parallel 22
Column Equilibration | 3 250 Wash 1connected 1
Load 40 | 150 Wash 1 Paralle] 1
WES-h 1 2 150 Wash 2 3
Wash 2 2 250 Wach 3 3
Wash 3 3 250 Bl uti osny 3
Elution 3 250 Post-Washl 2
post wash 1 3 250 Post Wash 2 1
post wash 2* 2 250 Regeneration 3
Regen® 3 250 Re-Equili bration 5

Essentially same process steps = simple process transfer

© YMC — EcoPrime Twin CaptureSMB LPLC


Presenter
Presentation Notes
Using the existing “platform process” (present batch process) of customer at pilot scale without any additional information, except the titer of the feed (1 g/L)

Batch column was 7.85 L resin. Standard process recipe shown in table with CV for each step and their linear velocities. During processing 250 cm/h. Load at 150 cm/h with 40 g/L resin.

9 h  processing time with CIP included.  Scaling up to continuous capture

Using two 10x10cm columns with total volume of 1.6 L
Apply same process recipe as used in of platform process when designing continuous batch;  Combined load now 49 CVs (27 during connected operation and 22 during parallel operation.  However, all linear velocities are 250 cm/h now in twin column process; this technology permits higher liner velocities during loading (as compared to batch)

CIP incorporated after every 4th cycle. Cycle time (one load onto each column) is now 4 h in the Twin system

Essentially same process steps , therefore easy and simple process transfer from traditional batch to continuous batch.
Increased load possible due to capturing breakthrough on second column, thus higher resin utilization and reduced buffer consumption
Not as long residence time is needed when loading the column due to capturing breakthrough on second column, thus faster loading and shorter process time
 


The continuous capture advantage YML

Customer A - process development run comparison with 1g/L titer mAb

Batch Capture Continuous Capture
Total CV 7.85 L TotalCV 1.6 L
The same amount of
m Load Start-Up 15 mate“al can be
Column Equilibration | 3 250 Load Connected 27 processed in 50%
Load 40 150 Load Parallel 22 i
Wash 1 2 150 Wash 1 connected 1 less time.
Wash 2 2 250 ‘ Wash 1 Parallel 1
Wash 3 3 250 Wash 2 2
Elution 3 250 Wash 3 3
postwash 1 3 250 Elution 3
post wash 2* 2 250 |cCP) Post-Washl 2
Regen* 3 750 Post Wash 2 1 h
Regeneration 3 (CIP after every 4th cycle)
Process time: 9 h Re-Equilibration 5

Cycle time: 4 h at linear velocity of 250 cm/h

Higher load volume 40 vs 49 CVs = higher resin utilization & reduce buffer consumption
Shorter residence times -> faster loading & shorter processing time

© YMC — EcoPrime Twin CaptureSMB LPLC



Presenter
Presentation Notes
Using platform process of customer at pilot scale without any additional information, except the titer of the feed (1 g/L)

Batch column was 7.85 L resin. Standard process recipe shown in table with CV for each step and their linear velocities. During processing 250 cm/h. Load at 150 cm/h with 40 g/L resin.

9 h  processing time with CIP included. 4 h processing.  Scaling up to continuous capture

Using two 10x10cm columns with total volume of 1.6 L
Apply same process recipe as used in of platform process when designing continuous batch;  Combined load now 49 CVs (27 during connected operation and 22 during parallel operation.  However, all linear velocities are 250 cm/h now in twin column process; this technology permits higher liner velocities during loading (as compared to batch)
Even in case when CIP is included, the linear velocity of Feed was still 190 cm/h.

CIP incorporated after every 4th cycle, then an additional wash needed besides the CIP (* adds additional CVs).
Cycle time (one load onto each column) is now 4 h in the Twin system

Essentially same process steps , therefore easy and simple process transfer from traditional batch to continuous batch
Increased load possible due to capturing breakthrough on second column, thus higher resin utilization and reduced buffer consumption
Not as long residence time is needed when loading the column due to capturing breakthrough on second column, thus faster loading and shorter process time
 


The continuous capture advantage YM‘

Customer A - process development run: 1g/L titer mAb

Productivity - Customer A Buffer Consumption - Customer A
13.5
0.526
14.0 06
= 120 B 0.38
s = 05
% 100 c
= 2 04
2 80 4.2 B
£ 6.0 3 03
z ® £
S a0 S 02
B 2.0 2
[ ’ g 0.1
0.0 =
Batch EcoPrime Twin 0

Batch EcoPrime Twin

Triple productivity or 67% less resin and ~30% reduction in buffer consumption



Presenter
Presentation Notes
Comparing the platform batch process to the continuous capture process when increasing the load from 40 to 50 g/Lresin
-> triple productivity from 4.2 g/Lresin/h to 13.5 -> 67 % less resin needed to produce same amount 
-> 30 % buffer reduction from 0.526 L/g to 0.38 L/g
 


Case Study #M

Customer “M”




Process Savings using Continuous Capture Chromatography
Customer produced this “poster” to report results to their management

ML

PROCESS TECHNOLOGIES

YMC EcoPrime Twin 100: 100L of 3 g/L Product

# of Columns 1 2 # of Columns 1 2
Column Diameter (cm) 20 10 Column Diameter (cm) 60 45
Column Bed Height (cm) 20 10 Column Bed Height (cm) 20 10
Total Resin Volume (L,q;,) 6.3 1.6 Total Resin Volume (L) 56 28
Binding Capacity (g/L,esin) 40 60 Binding Capacity (g/L,csin) 35 65
Batch Twin Column _
Cycles 6 5
Cycles 2 3
P Ti h
Process Time (hr) 6 9 rocess Time (hr) 18 1
Buffer Requirement (L) 300 150 Buffer Requirement (L) 7100 3900
Resin Cost ($16k/Lcsi) »100,800 525,600 Resin Cost ($16k/L,cg;) $896,000 $448,000
Productivity (g/ Lresin -hr) = 20 Productivity (g/ Lyegpn -hr) 22 40




Process Savings using Continuous Capture Chromatography
Pilot data results — 3 g/L mADb product

YML

PROCESS TECHNOLOGIES

YMC EcoPrime Twin 100: 100L of 3 g/L Product

Twin Column
# of Columns 1 2
Column Diameter (cm) 20 10

Column Bed Height (cm) 20 10

Resin Volume (L) 6.3 1.6

Binding Capacity (g/Ty
Twin pilot performance vs batch:

50% buffer Twin Column

40 60

reduction Cycles
75% less Process Time (hr)
ProA Buffer Requirement (L)

Resin Cost ($16k/L, ;) $25,600
2X . Productivity (g/ L,cgy, -hr) 20
productivity

YMC Process Technologies - EcoPrime Twin LPLC — Used with permission of the customer



Process Savings using Continuous Capture Chromatograph ML
Production scale model from pilot 2000L @ 5 g/L mAb product

# of Columns 1 2
Column Diameter (cm) 60 45
Column Bed Height (cm) 20 10 Sca|e Up Twin
Total Resin Volume (L) 56 28 VS batch:
Binding Capacity (g/L,cqi) 35 65

40% time

savings
Cycles ~$600K /
Process Time (hr) year buffer
Buffer Requirement (L) 7100 3900 SﬂVlngS
Resin Cost ($16k/L,..;) $896,000 $448,000 >$400K
less

Productivity (g/ L, -hr) 22 40

ProA




Process Savings Using

Customer produced this
Continuous Capture Chromatograph

“poster” to report results to
their management

EcoPrime Twin 100: 100L of 3 g/L Product

Column Design Column

Batch Twin Column Batch Twin Column
# of Columns 1 2 # of Columns 1 2
Column Diameter 20 10 Column Diameter 60 45
Column Bed Height 20 10 Column Bed Height 20 10
Total Resin Volume (Lyesin) 6.3 1.6 Total Resin Volume (Lyesin) 56 28
Binding Capacity (g/Lresin) 35 65 Binding Capacity (g/L,esin) 35 65
Process Requirements Process Requirements
Batch Twin Column Batch Twin Column
Cycles 2 3 Cycles 6 5
Buffer Requirement (L) 300 150 Buffer Requirement (L) 7100 3900
Productivity (g/ Lresin-hr) 10 20 Productivity (g/ Lyesin -hr) 22 40
EQ EQ
Washes Washes
Slow Feed — Blution — Fast Feed — Buton —1 Slow Feed —
Strip EQ strip ———o [ —
Sani L Sani
EQ . EQ

© YMC Process Technologies — Used with permission of the customer




Process Savings Using Poster produced by Customenvm
Continuous Capture Chromatography results to their management

Lewa EcoPrime Twin 100: 100L of 3 g/L Product

PROCESS TECHNOLOGIES

Twin pilot
performance
vs batch:

2X
productivity

Buffer Requirement (L)

50% bUffer Productivity (g/ Lyesin -hr)
reduction \_“ N/

Slo

© YMC Process Technologies — Used with permission of the customer




- - W hat this means in a full scal
PrOC.eSS Savmgs Usmg production environment.... mc
Continuous Capture Chromatograph

PROCESS TECHNOLOGIES

Lewa EcoPrime Twin 1000 : 2000L of 5 g/L Product

Twin
economics vs
batch:

Total Resin Volume (Lyesin) 56 2
Binding Capacity (g/Lyesin) 35 65 $360 ,OOO
. decrease
Process Requirements
per
Twin Colum . .
campaign in
Cycles .
. ProAresin
Buffer Requirement (L)
Productivity (g/ Lyesin -hr)
$640,000
yearly buffer
S0 savings
(@$10/L x 20
(batches™)

© YMC Process Technologies — Used with permission of the customer




Sequential Polishing w

Case Study




Double productivity with sequential processing YM‘

. _ O\ Byl .
Productivity Yield ¢ Bristol-Myers Squibb
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I Batch Sequential

Up to 2-fold increase in productivity when using sequential over batch
* Increased further when accounting for changeover time between unit operations




MCSGP for continuous polishing

Canceling the yield-purity-tradeoff
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Case study: Herceptin charge isoform separation YML

Herceptin (Trastuzumab) i Herceptin'
IgG1, pl = 8.45 e
3

Final product contains multiple isoforms with
different activities.

1 vial with :;,2.-. ":"? . 5
tive ngr -
‘:cl walnu?rith 20ml ' o
t
Y [

e FADA A, Wilavelength=214 nm (UAMABMAB 15IMES GPIMASAASACEMA0Z-25\F MASAAE.D - UMMABMAB15\ME 56 PIMISACICCM103-25\BM15AC_E
I A mal |

’ﬂ@ g P (140% activity)

w1l W2 W3 W4 \ S1
(12% activity)

|

150 -

400 —

www.drugbank.ca
Analytical weak cation exchange chromatogram

© YMC — ChromaCon - MCSGP 25



http://129.128.185.122/drugbank2/drugs/DB00072/structure_image

Case study: mAb isoform profile tuning

Avastin®
(Bevacizumab)

Herceptin®
(Trastuzumab)

Erbitux®
(Cetuximab)

© YMC — ChromaCon - MCSGP
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PROCESS TECHNOLOGIES

» Specific, more active isoforms are
enriched

« Consistent product quality even
with changing feed

*Muller-Spath T, Krattli M, Aumann L,
Strohlein G, Morbidelli M. 2010.
Biotechnology and Bioengineering
107(4):652—662




Case study: MCSGP purification of mono-PEGylated proteins YM‘

90%
Yield - Single column high yield pool ~ MCSGP pool
¢ A
Batch process MCSGP process S0% So
N
N
56% 83% 75% ),\ ~C
. . ‘8,
Anion-exchange using POROS® HQ = 70% %%f <
2 ?J'xff S
0
65% Sop >
Blue: Feed (PEGylated protein) Mo
. Red: MCSGP productpool (correspondsto 83% P1 yield) 60%, A
» Green: Single column productpool q(corresponds to 56% P1 yield) \
/ {\ 55% *
) | A ‘ p1 H Single column high purity pool
( II ; Ii'.__ ( l 500./0 T T T T T
» Jl' | / ‘|| | | 800%  B825% 850% 875%  900%  925%  950%
| \ [ | purity
,.“\1 } I f | \
T S N
\ | [
[V A _ . .
/ / "a / | ) | \ Economically attractive scenario can
N/ Y ) be established within a short
A S S ST — development time.

SEC-analytics

© YMC — ChromaCon - MCSGP




Case study: bispecific antibody purification YML

Purify bispecific antibody AB from PER.C6 harvest,

YYY remove aggregates, HCP, DNA, and parental
: FONEN &N antibodies AA and BB
PrOteIn A — Impurities (HCP, B
Capture DNA) : ) Yﬁ Blue: Feed
(bind/elute mode) Y : Y ‘||' |.!| Red: MCSGP product
| _.'

Y'Y : oy

MCSGP A

(bind/elute mode)

e T e e

| Analytical CIEX chromatogram
Multimodal /

AIEX polish
(flowthrough mode)

With MCSGP, the CIEX step yield
was Increased from 37% to 87%.

© YMC — ChromaCon - MCSGP



Case study: MCSGP for ADC (antibody-drug-conjugate)
purification YM‘

Red — MCSGP pool, purity ~ 57%, yield 61% * ,2x labeled,

. NS Green — batch pool, purity ~ 57%, yield 34% | | product compound
. Y\”\’*”Ez = Blue — feed LA
o S g I\
T%V’fg;ﬁ‘n = Iflll I|'II \llll
—_—— g III'II I,.’r HI'
DM1=%"} Linker Trastuzumab , Ill'lll'-. 5
(3to4 perlgG) -thioether- .Lyshmzzlg‘:;zjom) i , Iﬁy
Model system: Atto-488 instead of DM1
70 ., I _r_ﬁﬂf“‘”g )
o m Batch MCSGP i = - ; s . — - ]
50
40 With MCSGP, yield increase from 34% to 61%
30 with the same purity compared to traditional
20 batch chromatography
10 o 80% productivity increase
0 e 55% reduction in buffer comsumption

Yield %

© YMC — ChromaCon - MCSGP



Presenter
Presentation Notes
Superior performance of MCSGP in purifying an ADC model product with a defined Drug-Antibody-Ratio, compared to traditional batch chromatography.


Case study: al-AT purification from human plasma YML

Replacement of a batch DEAE chromatography step | Frozen Plasma |
by MCSGP chromatography (same resin)

Cryo-poor plasma

100 Batch adsorption
QG * T T T 1 - |\ J
BD ! |
70 : - : -
X 60 | | | [ MCSGP
= 50 - |
£ 40 | . # Batch ‘
30 ® B MCSGP Weak Product Strong
fg | | | | | | | | (19G, HSA) (AAT) Impurities
G } |
64 66 68 70 72 74 76 78 _ Purity (%) | Yield (%)
Purity [%]
Batch (max. P) 76.7 33.4
Batch (max. Y 65.0 86.5
ETH D CHAB G )
Eidgendssische Technische Hochschule Zirich Department of Chemistry and MCSGP 76.1 86.7
Swiss Federal Institute of Technology Zurich Applied Biosciences

© YMC — ChromaCon - MCSGP 30



Case study: process development time savings

with MCSGP ymc
Product A » To reach required quality with a
quality batch process, extensive process
development must be performed.
Required o
threshold o Switchingto MCSGP from a
quality simple, non-optimized batch

process results in the required
product quality in a shorter time.

>
Process development
time and resources

*could use a generic AEC step with zero development time

© YMC — ChromaCon - MCSGP



Presenter
Presentation Notes
Threshold quality = scalable process�		     + purity
		     + controlled impurities
		     + economic yield



Accelerated process development time YML

Batch MCSGP

Solubility screen 2 weeks 2 weeks
HIC Resin screen #1 (capacity and recovery as function of resin) 2 2
HIC Resin screen #2 (resolution as function of resin) 2 1
HIC Batch optimization (loading de_ns_ity, _gradient shape, pooling criteria) 4 5

MCSGP development and optimization
AEC Resin screen (resolution as function of resin and pH) 2
AEC Optimization (loading density, gradient shape, pooling criteria) 6

Total 17 11

© YMC — ChromaCon - MCSGP 32



Case study: Comparison of process economics
for Biologcy . NIN&

3-Step Chromatographic Purification Process

Batch — Batch - Batch Batch — MCSGP - Batch
Each step having 60% yield Yields: 60% - 90% - 60%
Overall yield is 21.6% Overall yield is 32.4%

Process economics

* COGs: Batch-Batch-Batch $20/g, Batch-MCSGP-Batch $14.7
 Fermenter 10,000L, 2 g/L titer

e Fix cost per year: $10M

» 40 batches per year

« Overall amount per year: 800 kg/year

« Savings per year with MCSGP is >$4M

33

© YMC — ChromaCon - MCSGP




YML

Case: Therapeutic peptide purification by MCSGP

o Study showed substantial performance improvement through use of

MCSGP resolving the yield/purity trade-off problem of batch

chromatography
290 Contichrom® +70% yield
bntichriom®: +70% yie
. - .
98.5 @ 10x in productivity > <Q
98.0 - S~ ?
= A E\ A 1 Contichrom®:
= N 150% less impurities
g 975 A 1
a 07‘9’(39,_\ :
97.0 WA i K A |
\% | B @ et
96.5 ey
y A
A - -
%6.0 y Dristol-Myers Squibb
0 10 20 30 40 50 60 70 80 90 100

Yield [%]

_



Oligonucleotide purification: Process comparison - Batch vs. MCSGP YM‘

Pareto curve —Yield vs. Purity Yield vs. productivity
94% 14
_ _ _ Batch
93% e ®* o Higher yield at 92.0% purity -
L
92% ® >3
0 MCSGP

91% ® ® Batch Ref E @ Batch Ref
LS =
Z 90 ° Batch Run 150 5B 8 Batch Run 150
3 ° Batch Run 300 = Batch Run 300
— 89% =
[=) 2 6
o ® MCSGP Run C 3 ® MCSGP Run C
- =]

88% @ MCSGP Run 150 £ @ MCSGP Run 150

4

87% ® MCSGP Run 300 @ MCSGP Run 300

I @ MCSGP Run 450 ) @ MCSGP Run 450

85% 0

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 20% cOo% 6% 20% 0% 90% 100%
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Advantages of MCSGP:

* Yield improved from 60% to 90-95% at similar purity (92%) compared to
batch chromatography

e Productivity improved from 3.7 to 8.3 g/L/h (see next slide)
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Case study: Case study biologic Y

Scenario batch/batch/batch:
» 3-step chromatographic purification process with each batch having 60% yield = 21.6% overall yield

Scenario batch/MCSGP/batch:

e Sequence Batch-MCSGP-batch with yields 60% / 90% / 60% -> 32.4% overall yield (relative increase by
50%)

COGS from downstream: batch $20/g, batch/MCSGP/batch: $14.7/g
Fermenter 10°‘000L, 2g/L titer
Fix cost per year: $10M

40 batches per year

Overall amount per year: 800kg/year

Savings per vear with MCSGP: >$4M

_
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Case study: purification of biologic Y

Study in collaboration with Sandoz, 2011
* Results reported in an MIT master thesis, http://dspace.mit.edu/handle/1721.1/66045

Goals of thesis
 |Investigate financial impact of changing DSP steps for manufacturing of a complex biologic
» Evaluated processes: MCSGP, BioSC

Summary:
e COG could be decreased by 25% using MCSGP
e eNPV for use of MCSGP >$25M

Results of Monte-Carlo risk analysis:
* Only 5% chance of negative NPV for use of MCSGP

_
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The future provides broader solutions for our customers

YMC Co., Ltd. assumed all rights and production for the EcoPrime suite of systems in late 2018 from LEWA-Nikkiso
America, Inc. and the Contichrom portfolio from ChromaCon AG in 2019. These acquisitions bring a broad spectrum of
chromatographic resins, and columns ideal for large and small molecule purification in a continuous process format.

Orderi ng information To order the products, please contact your regional sales representative.

YMC Process Technologies Headquarters: YMC Co., Ltd. Regional Offices: ChromaCon AG
Bio/Pharma Systems’ Group YMC Karasuma-Gojo Building WWW.ymcamerica.com Technoparkstr. 1

8 Charlestown Street 284 Daigo-cho, Karasuma Www.ymc-europe.com 8005 Ziirich, Switzerland
Devens, MA 01434 Nishiiru, Gojo-dori, www.india.com

Tel: +1 978 487 1100 Shimogyo-ku, Kyoto, 600-8106 www.ymcchina.com sales@chromacon.ch
www.ymcpt.com Japan www.ymckoreg.com www.chromacon.ch
sales@ymcpt.com Tel: +81-75-342-4515

WWW.ymc.sg.com
www.ymctaiwan.com Tel: +41 44 445 20 11

FAX: +81-75-342-4550
WWW.YMC.CO.|p
sales@ymc.co.jp

YMC logo and EcoPrime are trademarks of YMC Co. Ltd.

ChromaCon, Contichrom, ChromlQ and CaptureSMB are registered marks of YMC ChromaCon AG.

Rockwell FactoryTalk is a registered mark of Rockwell Automation. C3 ChromaCon

DeltaV is a registered mark of the Emerson Process Management family of companies.

AKTA is a registered mark of GE Healthcare

All goods and services are sold subject to the terms and conditions of sale of the company within YMC which supplies them. A

copy of these terms and conditions is available on request. Contact your local YMC representative for the most current il

information. LEWA
F e s

Subject to change without notice. Data herein does not constitute a guarantee of performance.

© 2019 YMC Process Technologies. — All rights reserved.
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