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Table S1: CFPS medium components

Concentration *Bulk price = Source

Component in mixture (US $/kg)

HEPES KOH, pH 7.6 30 mM 113.60 iig;i_hl
Potassium acetate 150 mM 11.50 illgciii-hz
Magnesium acetate 25.9 mM 16.68 illgc;?li-hg
ATP 1.75 mM 200.00 Carbosynth*
cTP 0.3 mM 2900.00 Carbosynth®
GTP 0.3 mM 59393.72 SAilg(Eacil"
UTP 0.3 mM 778.00 Carbosynth’
Amino acids 100 uM 34.29 i{gciiac-hs

14C Leucine 9.9 dpm/pmol  68.90 i{gc;iac-}ﬂ
Sodium azide 0.02% 18.36 Zi;g;;ac'hw
R e e S
DTT 2.5mM 1588.00 igﬁhu

*All raw material price was considered as 10% of the market selling price



S2. Analysis of monoclonal antibody demand'

The monoclonal antibody for lung cancer patient in the United Kingdom

In 2011, there were 141,000 patients with lung cancer in the United Kingdom!
Only 80-85% of lung cancer patients have non-small cell lung cancer?®

Approximately 75% of patients of non-small cell lung cancer have non-squamous

non-small cell lung cancer.

Only 40 % of non-squamous non-small cell lung cancer patients are in the stage

that can be treated by Avastin.

Five percent market penetration capacity of Avastin for treating lung cancer

patients in the United Kingdom.

Assume a dose size of 15.5 g per person per year.

Amount of mAb required = 141000 x 0.85 x 0.75 x 0.40 x 0.05 x 15.5
= 27865 g per year = 28 kg/year

Reference:

Web-source for raw material prices
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HEPES KOH:
https://www.sigmaaldrich.com/catalog/product/sigma/h0527?lang=en&region=
US, accessed in June 2019

Potassium acetate:
https://www.sigmaaldrich.com/catalog/product/sigma/p1190?lang=en&region=
US, accessed in June 2019

Magnesium acetate:
https://www.sigmaaldrich.com/catalog/product/sigma/p1190?lang=en&region=
US, accessed in June 2019

ATP,
https://www.carbosynth.com/Carbosynth/Catalogs.nst/0/631BEFB11CAE17B380
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257E29004F2B8E/$FILE/Carbosynth_Nucleoside_and_Phosphoramidite_Catalog
ue.pdf, accessed in June 2019

CTP:
https://www.carbosynth.com/Carbosynth/Catalogs.nsf/0/631BEFB11CAE17B380
257E29004F2B8E/$FILE/Carbosynth_Nucleoside_and_Phosphoramidite_Catalog
ue.pdf, accessed in June 2019

GTP:
https://www.sigmaaldrich.com/catalog/product/sigma/g8877?lang=en&region=U
S, accessed in June 2019

UTP:
https://www.carbosynth.com/Carbosynth/Catalogs.nsf/0/631BEFB11CAE17B380
257E29004F2B8E/$FILE/Carbosynth_Nucleoside_and_Phosphoramidite_Catalog
ue.pdf, accessed in June 2019

Amino acids: Mixture of all 20 amino acid
https://www.sigmaaldrich.com/catalog/search?term=alanine&interface=All&N=0
&mode=match%20partialmaxé&lang=en&region=US&focus=product, accessed in
June 2019

1CTeucine,
https://www.sigmaaldrich.com/catalog/product/sigma/18912?]lang=ené&region=U
S, accessed in June 2019

Sodium

azide https://www.sigmaaldrich.com/catalog/product/sial/s2002?lang=en&regio
n=US, accessed in June 2019

Caspase inhibitor Ac-DEVD-CMK,
https://www.sigmaaldrich.com/catalog/product/mm/218750?lang=en&region=U
S, accessed in June 2019
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https://www.sigmaaldrich.com/catalog/product/sial/s2002?]lang=en&region=US,

accessed in June 2019
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Table S.2: Process Economic data for large-scale manufacturing via SGE and CFPS

(200 kg mAb/year)
Values Cost US $ (2018)
Total Plant Direct Cost (DC) SGE CFPS
Equipment Purchase Cost PC 7.167 10.472
Installation IC 3.793 4.009
Process Piping 0.35 x PC 2.508 3.665
Instrumentation 0.40 x PC 2.867 4.189
Insulation 0.03 x PC 0.215 0.314
Electrical 0.10 x PC 0.717 1.050
Buildings 0.45 x PC 3.225 4.710
Yard Improvement 0.15 xPC 1.075 1.570
Auxiliary Facilities 0.40 x PC 2.867 4.190
DC 24.433 34.20
Engineering 0.25 x TPDC 6.108 8.552
Construction 0.35 x TPDC 8.551 11.959
Total Plant Indirect Cost (IC) 14.660 20.501
Total Plant Cost (TPC = TPDC+TPIC) 39.093 54.67
Contractor's Fee & Contingency (CFC)

Contractor's Fee 0.05*TPC 1.955 2.773
Contingency 0.1*TPC 3.909 5.467
CFC 5.864 8.200
Direct Fixed Capital Cost (DFC = TPC+CFC) 44.56 62.87

Working Capital
30 days of labour 0.36 0.56
30 days of Raw Material 0.09 47.26
30 days of Utilities 0.0013 0.01
Working Capital 0.46 47.83
Start-up 0.05*DFC 2.25 3.14
TC =DFC + Working Capital + Start-up 47.67 113.85




INOCULUM PREPARATION- SEED CELL BIOMASS PRODUCTION
BIOREACTOR
Fed batch bioreactor — 12 days
Batch cycle time - 96 hr/bioreactor 37°C, 16 x108cells/ml I CENTRIFUGATION > HARVESTING
37°C, 4x10%cells/ml Serum free medium
Serum free medium Bioreactor: 1 x 5800 L
Seed train -5 bioreactors Cell culture volume: 4600 L
Cell culture volume: 0.046-460 L mAb yield = 3g/L
ION-EXCHANGE HIC
PROTEIN A CHROMATOGRAPHY CHROMATOGRAPHY
CHROMATOGRAPHY
451
cycles:3 Cyﬁg; 3 o 4|0 L m.Ab .
Resin binding capacity VIRAL oo yees: ) . Cycless3 freeze in plastic
15g/L INACTIVATION Resin binding capacity Resin binding capacity VIRAL bag
—> > 40g/L 40 g/L REMOVAL [—

(a)

mAb EXPRESSION
INOCULUM PREPARATION- SEED TRANSEINT TRANSFECTION
BIOREACTOR Fed batch bioreactor
post transfection 14 days
Batch cycle time - 72 hr/bioreactor 32°C, 2 x105cells/ml ——> CENTRIFUGATION |, HARVESTING
37°C, 8x10%cells/ml SFM+ CD-Efficient feed-AGT medium
Serum free medium Bioreactor: 1 < 10 kL
Seed train -5 bioreactors Cell culture volume: 8300 L
Cell culture volume: 0.083-830 L mAb yield = 250 mg/L
ION-EXCHANGE HIC
PROTEIN A
CHROMATOGRAPHY CHROMATOGRAPHY CHROMATOGRAPHY
40L
Cycles: 4 5L 5L
Resin binding capacity Cycles: 3 Cycles: 3 mAb
15g/L VIRAL Resin binding capacity Resin binding capacity VIRAL FREEZE IN
—| INACTIVATION 40g/L — 40g/L —" REMOVAL [—* PLASTICBAG
(b)
INOCULUM PREPARATION- SEED CELL BIOMASS PRODUCTION
BIOREACTOR SUSPENSION IN CELL LYSIS PREPARATION
Fed batch bioreactor — 120 hr BINDING BUFFER Homogenizer-800 bar
Batch cycle time - 96 hr/bioreactor — 37°C, 8 x105cells/ml > &
37°C, 4x108cells/ml| Serum free medium Centrifuged biomass CENTRIFUGATION
Serum free medium Bioreactor: 2 x 20 kL suspended in binding

Seed train — 6 bioreactors Cell culture volume: 32000 L buffer

Cell culture volume: 0.032-3200L

{

CELL LYSATE
SOLUTION CELL-FREE REACTION
PROTEIN A
50 % Cell -lysate, 50% CFPS medium CHROMATOGRAPHY
40 nM DNA, 1TUNIT/uLT7-RNAP 450
Reactor volume-6650 L Cycles:3
CFPS MEDIUM mAb yield = 1.1g/L Resin binding capacity VIRAL
1selt INACTIVATION
DNA J
40 M
ION-EXCHANGE HiC
CHROMATOGRAPHY CHROMATOGRAPHY
T7-RNA ot 4oL mAb
POLYMERASE yees: Cycles: 3
Resin binding capacity e ) VIRAL FREEZE IN
1UNIT/pL 20g/L Resin blr;glnicapaclty removaL [ PpLasTicBAG
g

(c)
Figure S1: Schematic process block diagrams for mAb production by: (a) SGE (b)
TGE and (c) CFPS.



INOCULUM PREPARATION- SEED CELL BIOMASS PRODUCTION
BIOREACTOR SUSPENSION IN CELLLYSIS PREPARATION
Fed batch bloresctor —120 hr BINDING BUFFER Homogeniaer-300 bar
Batch cycle time - 96 he/bioreactor - 37°C, 8 *10°cells/ml e — -]
37°C, 4%10% cells/mi Serum free medm Centrifuged biomass CENTRIFUGATION |
Serum free medium Bloreactor: 1 x 4.3kl suspended in binding |
Seed train - 2 bioreactors Cel culture volume: 3d41L buffer |
Cell culture volume: 0.035-3.5L |
|
|
CELL-LYSATE
,,,,,,,,,,, -FREE REACTION
SOLUTION > CELL-FREE REACTIO
f PROTEIN A
i 50 % Cell-fysate, S0% CFPS medium CHROMATOGRAPHY
‘ % 40nMDNA 1UNIT/}L T7-RNAP e
Reactor volume-914 L Crdendo
CFPS MEDIUM ) CECFS-2days favn s capacity VIRAL
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Figure S2: Schematic process block diagrams for mAb production 25kg/year

by: (a) CFPS.

CELL LYSATE
SOLUTION CELL-FREE REACTION
PROTEIN A
3| s0%cell-lysate, 50% CFPS medium CHROMATOGRAPHY
40 nM DNA, 1UNIT/uL T7-RNAP 221
Reactor volume-125 L . Cycles:4
CFPS MEDIUM mAb yield = 1.1g/L Resin binding capacity VIRAL
et INACTIVATION
DNA ¢
40nM
ION-EXCHANGE HIC
CHROMATOGRAPHY CHROMATOGRAPHY
T7-RNA csissfa 0.78L mAb
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Figure S3: Process flow for personalised medicine manufacturing process




Table S3: The operating cost per batch of 1L CFPS reaction volume

Operating Cost, $ Cost, $ Cost, $ Cost, $ Cost, $
cost/batch (without DNA  (withDNA  (with80% DNA  (withDNA  (with 80% DNA
recycle, Recycle, recovered recycle, recovered
T7-RNAP, T7-RNAP, T7-RNAP, T7-RNAP, T7-RNAP,
6.9 $/5000 6.9 $/5000 6.9 $/5000 2.0 $/5000 2.0 $/5000
UNITSs) UNITSs) UNITs) UNITSs) UNITSs)
Raw Materials 2445 1845 1965 874 994
F acility Dependent 26248 26248 26248 26248 26248
Labour-Dependent 23318 23318 23318 23318 23318
Consumables 7012 7012 7012 7012 7012
Utilities 7 7 7 7 7
Wast
aste . 333 333 333 333 333
Treatment/Disposal
Total ti
ota operating 59363 58763 58883 57792 57912
cost/batch
Redefined
operating cost
(without Facility 33115 32515 32635 31544 31664
dependent cost),
$/batch
The mAb
production cost, 43 42.27 42.38 40.96 41.12
$/mg

For the assumed mAb demand of 20 g/person/year, mAb COG was estimated as
below.

- Total 26 number of batches are required to produce 20 g/year
- For 1L CFPS reaction volume, mAb produced per batch =770 mg
- Here mAb COG is defined as Raw material cost per batch

Therefore, from TableS3,
mAb COG per batch = $2445, producing 770 mg mAb/batch

Thus, mAb COG was estimated for the assumed mAb demand for one person over
year (mAb demand = 20 g/person/year) = $63,506/person/year. Figure S4 shows the
mAb COG with recycling DNA and with considering 80 to 60% DNA recovery.
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DNA recycled after every 12
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DNA recycled after every 8
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DNA recycled after every 6
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DNA recycled after every 3
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Over 1 year, fresh DNA loaded
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Figure S4: The effect of DNA recovery on mAb COG, $/person/year for the assumed mAb
demand as 20 g mAb/person/year. (mAb COG =Raw material cost)



