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Process simulation and economic evaluation of monoclonal antibody production
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Abstract: Monoclonal antibody (mAb) is the most important biopharmaceuticals. With the continuous expansion
of industrial-scale production and competition, the process rationality and economy have attracted more and more
attention. In this paper, four scales of mAb manufacturing processes of 500, 2000, 5000 and 15000 L were
established by using SuperPro Designer software, a bioprocess simulation software. Through the process analysis
and cost evaluation, the economic ‘hotspots’ were determined and the optimization strategies were then proposed.
The results showed that the scale effect on the production cost was obvious. With the increase of production scale,
the cost would be significantly reduced, and the economic hotspots were transferred from equipment-dependent
costs to raw materials and consumables, including serum-free medium and Protein A affinity resin. The key for
upstream optimization was to increase the titer of mAb expression during cell culture. But when the titer was higher
than 5 g/L, the effect of titer increasing on the cost was weakened and the cost was then mainly controlled by

downstream process. The downstream optimization should focus on Protein A affinity resins, including capacity,
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price and the reuse cycles. The optimization of overall process would be the stagger mode with three main

bioreactors corresponding one downstream line, for which the production scale and equipment cost were two key

factors. The results demonstrated that with the aid of reasonable process simulation and economic evaluation, some

hotspots of manufacture process could be identified and the appropriate optimization strategies would be proposed

to improve the process efficiency and reduce the production cost.
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Tablel Economic factors analysis of mAb manufacture under different scales

Scale/L Investment/million USD Cycle time/d Batch time/d Batch product/kg Annul product/kg Cost/(USD/g)
500 67.1 13.7 31.7 1.7 38.1 4233
2000 88.7 13.7 37.8 7.0 154.5 142.6
5000 127.3 13.7 43.9 16.9 356.0 90.2
15000 187.2 13.7 49.9 50.1 1057.3 52.7




° 3202 -

& T

S %69 %

UREEAAHR], 4 77 B b = S48 i 2 LAl oK.
MRHTTLUR I, Bl A= R 3K, s
AR 2 N o
22 BARMIR ST

X ERAL I AR P AR AT 43 b, nTRAr AR
RSy, BPREARDC, JEAEL JHRES . 3530704
KA S HAth o T AH I A AL 8] 5 B 7= 4 1H 2%
WA LS P AN RIS /B 245 AR} 32 B HE TG I 3
BrIRdE . Zehi VESTHKEE; THFES SR AT
MURE IR BT AT BEREAE; 93 A B 55 3
JIHA AT A& A BT 75 B ) AN B e 15 3 5
At RS AL FE AR WU 43 B R B L ) S BR BR L B
VEHFE LS R ) Ab B RS A 5

D AN AS [5] A 77 R ) B 47 1) 6 T 2 11 % 00 g
AL 3 s . AT SRR AT SN T
AR R 6, SR FTATAR P 40 ol 45 HH U 45 AH DR BUAR
T B JIEAS SR B RS DA FE 5 A IO A 5 T
w5 G RT = 1 2 TR S A 5 I Ee . BT A
S B 5 VA T S M I IEAR S, BT LI S %
T SEANAS BT = (R & AE T X T 57 8l S A Gk

20
facility
labor™ 22.2%
; Taw matetr)ll al
- &l consumable
15+ Q_I\Q Bl others 2.8%
. |9 5 5%
P
< A
£ 8.9%
10
i)
? 60.6%
=9
17
S
5] 3
facility labor raw material  consumable
(a)500 L
20
132% (] 504 ] facility
Tabor )
raw mate{)llal
e consumable o
13.5% |l others &
$ b e &
3 S g
£ S
2 ;
[~
o
g
=
&
S &

labor raw material
(c) 5000 L

tacility consumable

cost proportion/%

cost proportion/%

A, W T 55 2 1 B N B i = AN B T

AICLE Y, Bl AR PR AN TG R, A
KA LLBIE TR, M 60.6% FBEZ] 48.0%, 1H
TRY R BRI R 55 RIS 55 30 DI AR 1)
Fbt IR &AM 22.2%F% % 8.4%, MK
AR F I AT AT LUK, A& AH G iA AR T 7
IR TR IR AR AR o BT B AT S AR
2)30%, [FBT By =i AR R 57 8l S E AR X A,
i ATFEL) 80%, X2 FRUNTR R A B 25 75 2
W2 NI HEAE . ERERRE, B
(K, JEURRAHE Sl AR 1 o bR s, il
EFR () 20 5% i s 20 T 1) B RLRTVE FE  7 e # o T
B R R BLRTC MG 85775, T L R ram
Mk gE, (GRS 90%LA Iy T EE S AR 3
SEE A ASRMEN A, HT RS AR Ui IR,
5 TR SR RS 80% L E,  HE IR B AR
Ak, EARIERZ, XT 2000, 5000 1 15000 L
SAEEA R, B AR & R AEOR,  (H AR
AP AN, T JERL R AR S BAR  E,
ESARD B ASET, FE T WU & Az

20
17.9%
I facility o
[11abor J 4%
< | [ raw mate rial
15 N [ consumable 10.0%)
N Elothers
10
5 AR
<
] R
0 facility labo raw material consumable
(b)2000 L
30
lacility
labor
25 _| raw material
& [ others
20+ 2 .Q?"
N
_ T 7
15+
B &>
=
% NS oYL 8
N
THike=< Hi=<%
labor raw material - consumable

(d) 15000 L

B3 ASFEEGUAE P U R A TR 2 A

Fig. 3 Cost analysis of mAb manufacture with different production scales



71

www.hgxb.com.cn

° 3203 -

RFBEMRTI, Rl R L MIERFREMEA A
SRAENTA I, 5 L RE

X R A R R IR e SR, T
R AT R G, 2 EERE Edie . AR AR
FEfR AL SRS, Il I A R AT 48

3 RIS AELE RN

3.1 EisngEfik

I R A B R AR R AR RN B 1
AR AT MG EEFREE, ol b7 b S AR 1
40%~50%F1 15%~45%. JCIfiiiHs7E 2 H T Lo
T SRR A 23 B AR L = AR S P2 5 —T
M, JEHE AR RIE AT, K R
FEEAL B 22 (R B0 i, AT BRI R R ik ) 7
A, R 2 20 Z4FEH, BHIRIAIKT I 1995 4F
0.5g/L iz REE]T BT 10 g/L 2424260, JF
R SCEE ST 20004 5000 F1 15000 L A [F] IR (1) Bt
Hl& AR, A T EPIERAE (0.5~10 g/L) XA
FERRA IR, 5 R 4.

1400
4 2000 L
1200 - \ " 5000 L
< ® 5000 L
=
17}
2
=
< 600+
£
S
=
g 400 +
5 2001
| | 1 hd T hd
0 2 4 6 8 10
mAD titer/(g/L)

Bl 4 iR e oA AR I R I KT (R A Gk

Fig. 4 Relationship between mAb titer and production cost

AR S, FUBGER ARG, JF HBEE bt
RIEACPI T E, BBUEFRARIE D TR SR8
M 0.5g/L FFEE 2g/L, P BA I E TR,
HA =B, RO TR R, MERSET
— B TtE, M2 gL fEEE] 5 g/L, AFEEARR I
ARG, = AN R T 56.6%- 54.9%
1 52.5%; MiERIEEMN Sg/L #-FE] 10g/L, WA
PRI RN, FEAREFLE 40% /4. 20 IR RN
T HTREER RS- &G, AT E
NEFE BRI, R AL FR A5 A R ST AT AR S A5 A
IR, XS T PSRN Bt (HENT R
WKL, BALLBEE TR RS BN, S ECRIRAE

P P AR T B
B ERSR R K

KIS 25 T IR T Ui A B LA Bl LR
RE AR FTLUR I, fERIEERIK (<2 g/L) B,
FESAE KT PR, RIAEXEE 10 gL, T
WA s T B AR . MR EIE R, Bk
APPSR, EREELT 5 /L B NEEE, M
B 1 B FN AT IR DR S5 s T W) B
AWESFHIEK, AdYREELRST SgL 5, T
Wi BT AR FEAFREAE 22 USD/g A . iR IA
W FHRABEBEM&PEMES, ARETNFELE
PIRTHE T, B R A R AR A
SERRE, 15 EAM MR SOE R LA RO — e
P RBRYE, MREEIRF|—EREE (AR ZRHIM 5
g/L), BRAREREE R B HURRA AT LAMEAR T2 5 5
DT, 5 RGN E U B 2R IR KA T AR T )
DTHRAS Ko [RIE, X T-RIA SR P 75 238 4T,
B ARk E AR S A N, BiE R AR
K B B F A2 5 A AR 2 A [, 75 AT
BT . thAh, dERAE RS FERAEZ,
B0 R L2 A AR

MG T U A AE Je A

400 80
A A ypstream cost
— ‘\ TSt e .
) - © downstream cost 170
A Y ;
2 s00t S upstream ratio _
= s ® downstream ratio leo
2 ES
z S
o 200F 150 &
= g
:
= 140 =
5 100t Z
130
L— 20

0 IZ 4 6 é 10
mAD titer/(g/L)
BIS b RAS A BN R Rk 7K~ AR S ik

Fig. 5 Relationship between mAb concentration and cost of

upstream and downstream

DL A MR8, T /NRRAE Ab ke i, Bl R
KRG A TES IR, § RIAERNGE = R A ST
FEPRARAE = A A FB . Aid, e mxt
FRAS PR B R kS5, RN i Rk sl > A=
I OCE LR B N RE, MR Rl R A
T EZEHR.

32 TR

U I R ) RRAR S AL R AT A R A A

RRAR, Fo B N BRI A2 B 1 A SRR o RV



* 3204 -

LT

L

69 %

2305 RS 30%, RIS T I AR ) 32
BATEA . A A NIRRT SRR ENT 5
B, FESNFRMSIASEE. MR K
K. BT 40 FRE, EE A NFRIITERE
RENE RS, BN R AZ S EMN 10 g/L 1
izl 60 g/L Aty HAMGHEFER KR, R3CL)
15000 L il & RN 5 o/L BRyLRIB = NG, b T
B A R E AT A2 BRAR IR, 45 3 0
K 6.

mAb cost (USD/g)

30000 45

28000 30
3 55
5 26000 60
72 635
= 24000 70
= 75
,g_zzooo o
= 20000 85
z 30
= 18000
£ 16000
[}
£ 14000

12000

I 1 Il 1
100005 20 30 40 50 60

binding capacity/(g/L)
K6 HEE A RN R BN BEA A%
PR 25 A BT
Fig. 6 Influence of binding capacity and cost of Protein A

affinity resin on mADb production cost

SATEE R, MEAANTAMSISEEMN
10 g/L ¥4/ 60 g/L, AbIAR [FURIE & A i KA
MR Z180%, BEIKT MR A SERA, AR R
FUZHTAE R T B> T 80%, FEAKL170% 15 &
FHOGRAS, 1 7 THI D] 3 3 (R AR A B 2 7= A 1) P
i AN SN A% AL B0 B PTRAS R 5200 2. 2
B R SIS HRERK (<20 g/L) SN T . B4R
5o I BURALEE MRS, PR A T A
A

AN LR A A S T A B A2 AL
AU, 53 Bi7 2 BRI A8 FH B SOV 8 =i B 150K, B
Uil 2 A T F2920.5%; 244 B IA M F EOk
200K, 4k S5 AR B BB AR 7= AR (1) 52
Mg/ ATIRER . EAEA P HEUAH A, PRI IREL
MSOUFRTEEIT00KT, A 5 fs FH &k />50%, T
200K H2 = 21250k ), A B AE 2 R > 1720%.
AR, A AR BRI G A G, T
BPEE AN, v DA BRROE G, RO, IS
MR %, 258 RARK.

X R I RN BT R R A%
AR DI =B, A 50%, HE T AR
PR 0 AR 7 AR B 25 R ML 7o T DRI
AN BN RIS AR BOR , A T Rk
250%, AT LA Z19% HUAE T A . A T E
AN, BT AR M AR KA E 2 M B RZ ) o

—
(=}

ol 7] resin cost reduce 50%
? recycled number increase 50%
8t R capacity increase 50%
7T
E?é- T §§
55t
24t
Z 3t
=]
2L
] L
0 s N\ Wl 77 =c35: §

_;‘:E_ IEC HIC
K7 =AEHESNSEE. M. ARl
50% %o T~ BUAS I 5
Fig. 7 Influence of 50% changing of binding capacity, cycle
time and resin cost of three chromatographic steps on mAb

production cost

DA oy MR B, T Rl R, R m s AN
A REAIEIE AL, R E A AN
JT, & PR B B SE A, S ERA AR R
AR TR, B EAAN AR T YK
&, thRefebs e, R& 7 BAREBREZE 6
(138 71, BRI B D3R E b= R &
UbAh, S EENTH R R AN R R, G
EMTHAREY pt g — e B R EAARAENT 55
Biorik, ik A aCE B B3R S F 4 AR 2 i )
8, XU DAL R, o B3 PR e
AR = A
33 EREREMKL
331 LEHATHILGEER HSRERNSHE
ZHOR I E R E IO . T AW, T
DA I RR 1) A 7= R B R DG B R 4, T SN INX e 1
o SEUHIBAT, MTERE N B R,
£ Y TRa Dl o - P VN1 =TEE S~ S 2 (A S 0% N

BFXT 15000 L HURE ) il 2 iAe, a1 P
A AR R R A, R i R i A e v
PRI E A 2R I8 90% LA b, 1 R AR R 2
AT AL FRTEF (A1 F 28 30 5LAIG, 7E 8% 76 A7 o 2B 7™ i A B
FRPIAE (BR-103) #E, P 7123 NS
AR . AL, WA G B4 1R ) (R] 3%



71

www.hgxb.com.cn

* 3205 -

A, BB, TR B A DG & IR
B AR 2 fe . Rk, PRAZ AR
JO7 2% G B A — R R AR A AR R, K U
PURHBAZ T o e N B R o> B AE, AT $2
N R RI R, S Este, xtF
15000 L HUAR (1 B0 il 45 AR, AR = AN 3 e B
PP — 4 P2k, RAHEHER)E, MA
B A] P9 AR = VR R L) 3 1%, BERE T RERN
B[RRI 2, AT DS B s i o R, iR
AR, AR IR IR (8], SRR,
MR BPUAE F= A . TR BRI, (A
B s & A A P~ DR B e e, — A H
WoltE ChnJE AL e B . 22 PR B IS ) i
338 R R A R R, e R AT DL i FE AR A
S R 2 A

Bl 8 45 H T LR AEERIT [|] . A7 B AR 7 A
AR A . B B Pe 2R3 B = 4%, HLIRAE
IRBF IR AR 14 d Db 3 T 4.89 d, AFAEF=HEIK
M 21 HEIR ET3) 58 #EIR, R ORI 2.7 £,
AP AR M 52.7 USD/g PR 43.3 USD/g. /iR
B, RO NS I TR R RN 70%,  Riif)E
Pri s dem e 23%. (HE, B £ A E0E 1
—bi L, BAREE RGN, HAEMRAR
NIRRT, APTER: 43 R NG T
=ANE, RS st s RS IR Z,
DAY & (A S RRAS K A B B R AE L, B
AR R TR E s 57T, BEE OB EEm,
UL R SR I, AL AR A R D,
BT BB & R SEAN A A B, Rl A 1Y
BN RS T B S RRA RIS I AN o [FIB, B

55 15000
—_ 4 costof mAb 14
£ = cycle time 12 daooo
% 501 ® annual output
= 110
= =000
<t - 18 LR =
£ 450 g 2
[ - =
bt 15 22000 @
g 5 3
£ 401 14 £
E 1000 =

12
3 0 -0

1 2 3 4 5
number of main fermentation tank

K8 AW RN A RO BT RA L EFAI E] AL
PR NI
Fig. 8 Influence of main fermentation tanks on mAb cost,

cycle time and annual output

VR Z 15 T WA IBITE R N E A,
VIR, BHAE R R, Bk, FETAW
IR T, X 15000 L FUR ) B0 2 TR
WH=AEEM R PSS IUCH — % FH A~ &t
WAEE.,

3.3.2 REMAA AL EAAEKA  RTSCHT RS
CLE L, T T DA 3 A0S, 15 28 AH I i AR
FEIRT 50%. ANid, B A= R YR, Wk
FHICRA (5 LA T R, 102 R 6 4% T AN A%
FEANBE S R 38 i &5 L g . — i 2 DA
AR

. a

size

cost, = cost, (smez] (1)
1

XA R T AR %A, —MRAE 0.5~1 2
], AR BB A& A% Ll N & AR L, 13
R, BRATARF N RS ERA . 4 2400 L 2B ) B
A0 18000 L AW Nids, HRSTHER A 7.5 1%,
1M & # ISR OORRTE 2 1.5 %5, FEEpTRE
(A N R BOEAR AR L PUA RIS (AL 45 R o
BAE A =R 500 L 3 KF] 15000 L, HIARE
AHIREAMN 44 TiZETOMAIR EFHE 127 JiEu/it
R, B A 77 AT T R TR 72 i T A 28 TR 1L 5 A DR Rk
AEHIM 256 USD/g R F&% 25 USD/g, MIifE15 Hi1
G W NTE NN

BT BRI OB RE 7, TERTR A T
P, AT RESE AR AR, AT DARRAR AR = A . (A
B, FECRUES SR A RTHE T, KRB~ &, §F
Il A T BOAR R o BRI A ) I R4 R AT A
&, MLLRE NN, BRI, b,
K — KB A, AT DLy e AR, [
TR AH I RRA . AR, AR/, B8 AH G
o A7 R, PR B AR SRR B 2. X T
500 L AUHE, # AN NIE 50%, TERETA
A R FEL) 30%; ST 15000 L AR, TR F&EZ)
24%. FL, EF0TEGTA A R OB R,
SRE AR, femgtEae, BA IR E LAY
AP RMERE.

4 % #

% SuperPro Designer 4= 41 FE L B4 4,
FIEE T 500, 2000, 5000 A1 15000 L PYASAS[F] i AS
P& AR, AT TR, $REH THIMK
ARG . S5 RR I, AN RS AN AL =B B i BR



* 3206 * 1

T % ik

69 %

PO ARAL s o A A P R K, 28 DR IR R
M AREA AL B EA R R TRE) M
MRS (EE AN b b T R, FE©®
LSRG SR ARk &, HRILEM 0.5g/L LTt
B 5 g/L W, BPUEF AN RERE, BRI
(-3 Sl i = P SV S Y N 0 R el
WA, MALERRAZAEE A A L s iR
FIOBERE L, FERTTRE B VAT, FRARA R
ks, FEIEHIRUE AR ], mYEREEE A
I B [ P AL AR M R 1) R R O . ) T AR
DAL, B0 il v a8 I T) R R AR ) 4 v, R
AR, =AY BB E [ — N A,
A AR R R AR RCR, BRARZ) 17.8% ) HA7
PR . BT BRI b R, RER A
AP, SR R AR, T BRI AL
vt A . ALV R RGO R A g
SEA I RBER R, A R, S
AT AIEAL , & BEVP O BERE 2 HEA B AR
Eo% TGy S G U it 207 o R i i R 51
R, WA RS HR T

References

[1] WEINERLM, SURANAR, WANG S. Antibodies and cancer therapy:
versatile platforms for cancer immunotherapy[J]. Nature Reviews
Immunology, 2010, 10(5): 317-327.

[2] BECKA, WURCHT. 6th annual European antibody congress 2010[J].
MAbs, 2011, 3(2): 111-132.

[3] ECKERDM, JONES S D, LEVINE H L. The therapeutic monoclonal
antibody market[J]. MAbs, 2015, 7(1): 9-14.

[4] RODGERS K R, CHOU R C. Therapeutic monoclonal antibodies and

perspectives and  future
Biotechnology Advances, 2016, 34(6): 1149-1158.

[5] CHAPMANK, ADJEI A, BALDRICK P, et al. Waiving in vivo studies
for monoclonal antibody biosimilar development: national and global
challenges[J]. MAbs, 2016, 8(3): 427-435.

[6] GAO K, WANG J. The biopharmaceutical industry in China: history
and future perspectives[J]. Frontiers of Medicine, 2012, 6(2): 101-111.

(71 #, RO BASMESIAMTTZMERD]. b EAED TRKE,
2017, 37(3): 106-114.

LI M, WU R W. The market overview of monoclonal antibodies in

derivatives: historical directions[J].

both domestic and abroad[J]. Journal of Chinese Biotechnology, 2017,
37(3): 106-114.

[8] SHUKLA A A, HUBBARD B, TRESSEL T, et al. Downstream
processing of monoclonal antibodies—application of platform
approaches[J]. Journal of Chromatography B Analytical Technologies
in the Biomedical & Life Sciences, 2007, 848(1): 28-39.

[91 KELLEY B. Industrialization of mAb production technology: the
bioprocessing industry at a crossroads[J]. MAbs, 2009, 1(5): 443-452.

[10] PAPAVASILEIOU V, KOULOURIS A, SILETTI C, et al. Optimize

manufacturing of pharmaceutical products with process simulation and

(11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

production scheduling tools[J]. Chemical Engineering Research &
Design, 2007, 85(7): 1086-1097.

B, MM, RN, S ESER R LR R AR S I
BFFE[I]. M TR 3k, 2010, 24(1): 176-181.

YIN X, YANG X J, LIRY, et al. Simulation and optimization of
continuous ethanol fermentation process[J]. Journal of Chemical
Engineering of Chinese Universities, 2010, 24(1): 176-181.

SILVA AN D, PEREZ R, MINIM V PR, et al. Integrated production
of whey protein concentrate and lactose derivatives: What is the best
combination?[J]. Food Research International, 2015, 73: 62-74.
TORRES-ACOSTA M A, AGUILAR-YANEZ J M, RITO-
ALOMARES M, et al. Economic analysis of Uricase production under
uncertainty: contrast of chromatographic purification and aqueous two-
phase extraction (with and without PEG recycle)[J]. Biotechnology
Progress, 2016, 32(1): 126-133.

ROUF S A, DOUGLAS P L, MOO-YOUNG M, et al. Computer
simulation for large
Engineering Journal, 2001, 8(3): 229-234.

PAPAVASILEIOU V, SILETTI C, PETRIDES D. Systematic
evaluation of single-use systems using process simulation tools[J].
Biopharm International, 2008, 21( Suppl.): 16-29.

NANDI S, KWONG A T, HOLTZ B R, et al. Techno-economic
analysis of a transient plant-based platform for monoclonal antibody
production[J]. MAbs, 2016, 8(8): 1456-1466.

IDRIS A, CHUA G K, OTHMAN M R. Incorporating potential

environmental impact from water for injection in environmental

scale bioprocess design[J]. Biochemical

assessment of monoclonal antibody production[J]. Chemical
Engineering Research & Design, 2016, 109: 430-442.

FAHRNER R L, KNUDSEN H L, BASEY C D, et al. Industrial
purification of pharmaceutical antibodies: development, operation, and
validation of chromatography processes[J]. Biotechnology & Genetic
Engineering Reviews, 2001, 18(1): 301-327.

PR By R Py, B/R v - BB OR, BRI e, RS R
AV REM]. AR, R, HEARAN, B JbRt At TR
tt, 2011: 226-243.

ELMAR H, ARNO P B, CHARLES L C. Development of Sustainable
Bioprocess—Modeling and Assessment[M]. LIN D Q, YAO S J, MEI
L H, trans. Beijing: Chemical Industry Press, 2011: 226-243.
HARRISON R G, TODD P, RUDGE SR, et al. Bioseparations Science
and Engineering[M]. 2nd ed. New York: Oxford University Press,
2015: 441-507

GOTTSCHALK U. Process Scale Purification of Antibodies[M]. 2nd
ed. New York: John Wiley & Sons Inc., 2017: 445-463

XEK, B, B, & RISBREERAR CHO 4RI E Ak,
FREERIRALD]. PR AR, 2013, (1): 96-101.

LIU G Q, CHENF, ZHAO L, et al. Optimization of protein-free
culture medium for CHO cells producing monoclonal antibody[J].
Journal of Chemical Engineering of Chinese Universities, 2013, (1):
96-101.

eI, VR, BR, & BT RAIRIBTH AR R T VE M
CHO 4l 3 75 i % 15 77 2 ) i@ B AU AL ()], iRl o TRE 244,
2014, (4): 777-783.

LI X L, FAN L, ZHAO L, et al. High through-put screening and
optimization of serum-free media development for CHO cells using
simplex lattice and elements dialogue design methods [J]. Journal of
Chemical Engineering of Chinese Universities, 2014, (4): 777-783.



71

www.hgxb.com.cn

* 3207 *

[24]

[25]

[26]

[27]

(28]

[29]

BIBILA T A, ROBINSON D K. In pursuit of the optimal fed-batch
process for monoclonal antibody production[J]. Biotechnology
Progress, 1995, 11(1): 1-13.

LIF, VIJAYASANKARAN N, SHEN AY, et al. Cell culture processes
for monoclonal antibody production[J]. MAbs, 2010, 2(5): 466-
479.

LOW D, O LEARY R, PUJAR N S. Future of antibody purification[J].
Journal of Chromatography B Analytical Technologies in the
Biomedical & Life Sciences, 2007, 848(1): 48-63.

BOLTON G R, MEHTA K K. The role of more than 40 years of
improvement in protein A chromatography in the growth of the
therapeutic antibody industry[J]. Biotechnology Progress, 2016, 32(5):
1193-1201.

MULLER-SPATH T, AUMANN L, STROHLEIN G, et al. Two step
capture and purification of IgG2 using multicolumn countercurrent
purification (MCSGP)[J].
Bioengineering, 2010, 107(6): 974-987.
ANGARITA M, MULLERSPATH T, BAUR D, et al. Twin-column
CaptureSMB:

solvent gradient Biotechnology &

a novel cyclic process for protein A affinity

[30]

311

[32]

[33]

chromatography[J]. Journal of Chromatography A, 2015, 1389: 85-95.
W, R, MORBR. — R o BT i —— IR A R
BEZHTI]. AL 224K, 2007, 58(9): 2169-2177.

YAO S J, GAO D, LIN D Q. Novel technology in bioseparation
of Chemical
Industry and Engineering(China), 2007, 58(9): 2169-2177.

A, MR, MK, S GUKIE RS S O BT HER2 B
TEREPUAR]. LT 253K, 2014, 65(10): 3931-3937.

LIJ, LIN DQ, TONG HF, et al. Separation and purification of anti-
HER2 monoclonal antibody with hydrophobic charge-induction
chromatography[J]. CIESC Journal, 2014, 65(10): 3931-3937.

TONG HF, LIN D Q, CHU W N, ef al. Multimodal charge-induction
chromatography  for

process—mixed-mode chromatography[J]. Journal

antibody Journal  of
Chromatography A, 2015, 1429: 258-264.

FURE, MARER, #kR. SRANOTARE BT RAEBUAR AL K R
[J]. fbT 54K, 2016, 67(9): 3523-3535.

LUHL, LIND Q, YAO S J. Affinity biomimetic chromatography
and its applications for antibody purification[J]. CIESC Journal, 2016,

67(9): 3523-3535.

purification[J].



