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Abstract Objective: To apply a high—throughput pH gradient-based ion—exchange chromatography method for

the charge variants separation of several monoclonal antibodies. Methods: The buffer system consisted of tris,
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imidazole and piperazine. Each buffer was adjusted to different pH,respectively. A pH gradient method was used to

separate MAbs with different pl values. Results: Three MAbs including bevacizumab, trastuzumab and rituximab,

which were collected in USP Medicines Compendium, were separated and compared with their original salt—gradient

method results. Results indicated that the resolution of acidic variants and basic variants were improved among all

MAbs. In the case of bevacizumab, resolution improvements were 44% and 500%, respectively, and 83%, 233%

in trastuzumab, it is slightly better in the case of rituximab. The method was further improved for bevacizumab

separation and validated. Separation time was shortened by 40%. The results of specificity test showed that variants

were positively correlated with heating time, repeatability test showed that the RSD of retention time of main peak

is 0. 12%, inter-mediate test showed that the RSD of area percentage was less than 2%. Accuracy test showed that

the overall recovery of variants and main peak were 100. 4%, 101. 0%, and 101. 4%, respectively. Linearity test

showed that the linearity of variants and main peak was around 0. 99. The method is robust if the chromatography

condition deviate slightly, the RSD of variants and main peak were less than 3%. Conclusion: The pH gradient—

based cation—exchange chromatography method is applicable for MAbs with different pl values, which provides a

higher throughput and better separated analysis approach for monoclonal antibody study and development.

Keywords: biosimilars ; monoclonal antibody ( MAb ) ; charge heterogeneity ; high flux analysis; cation—exchange

chromatography ; bevacizumab ; trastuzumab ; rituximab
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Fig. 1 The charge heterogeneity profiles of 6 MAbs with different pI
values acquired by pH-IEC method
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Tab.1 LC conditions for improving rituximab separation

TR iRk WS LEH] (mobile phase ratio ) /%
(LC condition ) (flow path ) 0.0 min 2.0 min 60.0 min 64.0 min 65.0 min 72.0 min
B RAEE (original ) A 10.0 10.0 0.0 0.0 10.0 10.0
B 0.0 0.0 9.7 9.7 0.0 0.0
C 0.0 0.0 3.2 32 0.0 0.0
D 90.0 90.0 87.1 87.1 90.0 90.0
BREE 1 (gradient 1) A 10.0 10.0 0.0 0.0 10.0 10.0
B 0.0 0.0 9.7 9.7 0.0 0.0
C 0.0 0.0 9.6 9.6 0.0 0.0
D 90.0 90.0 80.7 80.7 90.0 90.0
FBIE 2 (gradient 2) A 20.0 20.0 0.0 0.0 20.0 20.0
B 0.0 0.0 19.4 19.4 0.0 0.0
C 0.0 0.0 6.4 6.4 0.0 0.0
D 80.0 80.0 74.2 74.2 80.0 80.0
BREE 3 (gradient 3) A 20.0 20.0 0.0 0.0 20.0 20.0
B 0.0 0.0 19.4 19.4 0.0 0.0
C 0.0 0.0 12.8 12.8 0.0 0.0
D 80.0 80.0 67.8 67.8 80.0 80.0
BB 4 (gradient 4) A 30.0 30.0 0.0 0.0 30.0 30.0
B 0.0 0.0 29.0 29.0 0.0 0.0
C 0.0 0.0 3.2 32 0.0 0.0
D 70.0 70.0 67.8 67.8 70.0 70.0
BREE 5 (gradient 5) A 30.0 30.0 0.0 0.0 30.0 30.0
B 0.0 0.0 29.0 29.0 0.0 0.0
C 0.0 0.0 9.6 9.6 0.0 0.0
D 70.0 70.0 61.4 61.4 70.0 70.0

7 (note ): BEREETR A4 1 mL » min~' (the flow rates of gradient werel mL * min~)

0. 24+
. K WA T AR RO, 3 L5 S JE o B
o B O T USP £ 38 o I 4 69 B JE U7 24
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|
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. A A4 1 R W ] 45 B D 0

Fig.2 Improving pH-IEC gradient of rituximab B
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Tab.2 Comparisonof the separation results between pH gradient and salt gradient methods
I TEFH (area ) /% Ay B3 ( method ) DU ER BT ( bevacizumab ) i 2Z ¥R B4 ( trastuzumab ) F1) 2B B3t ( rituximab )
FRIX (acidic variants ) pH BEJEE ( pH gradient ) 23.1 17.3 213
ERRRRE (salt gradient ) 30.6 24.5 17.6
F I (main peak ) pH B4 ( pH gradient ) 724 78.7 72.7
ERBREE (salt gradient ) 67.9 65.9 75.9
BIX (basic variants ) pH BB ( pH gradient ) 45 40 6.0
LA (salt gradient ) 1.5 9.6 6.5
¥ pH-IEC ™ Salt-IEC
2.5 A
2.2 0.37 o 0.08 - “
2 | 0. 06
- 1.8 0.25 \ 0. 041 Al
0. 02 T
W 15113 La 0.2 | %] ,.
x5 1 1.1, 2 “ e
R 2 1A 0.9 X 0.15 15 20 25 30 35 40 45
o 0.7 < ‘
~ 0.5 0.11 J )
: 0.3 0.3 S Bevacizumab:Salt-TEC
0 0 0. 05 o J a -
BX WX BMK  RE MK MK ol Bevacizunab:pl-IEC.
(acid) (base) (acid) (base) C(acid) (base) ! ! ! ! ! ! .
TARER BT i ZER BT FIZHE BT 10 20 30 40 50 60 70
(bevacizumab)  (trastuzumab) (rituximab) t/min
0.2 c 0.08 ‘ ‘
0061 l 0.16 D 0.04 /|
0.16 1 0. 04 e |
0.021 0.024 [
0 AN 0.12-
2 0127 . ‘ ‘ ‘ ‘ ‘ 0 ‘ ‘ ‘ ‘ ‘ ‘
3 “\ 20 30 40 50 60 g 0.08 1 25 30 35 40 45
0.08 I <
N Trastuzumab: Salt-IEC Rituximab:Salt-IEC
0.04 - N/ VOVAS M 0.041 -
J\) Trastuzumab: pH-IEC Rituximab:pH-IEC
0 — 0
10 20 30 40 5 60 70 80 20 25 30 35 40 45 50 55 60
t/min t/min

A Sy BRI R (resolution summary ) B. DU ER BT ( bevacizumab ) C. M ZERBAPT (trastuzumab ) D. FZE B4 ( rituximab )

B3 37 pH-IEC 5 Salt-IEC 5B /7% bR

Fig.3 Resolution comparison between pH-IEC and Salt-IEC methods towards three MAbs
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('standard solution ). QNI 4 Fir7i, Uit sl AH | 38 5T 145 W
(T FETEAR 350 N AT T 30, (i oA

B d AR X S ARG X, 28 e TR A 3 I Tl L% 31 iR
X 2% JoT R X 2 B 24 R SR

332 Ki%E EE MK EIR 6 MR, R
n ERE 3 K, I I8 A E AT ST o b, AR R
7N W L BR B IR) A2 M LA, RSD R 0.12%, iR X
F 0 B X E 4 0% T AL RSD 43518 1.5% ,0.44%
1.6% , " [A] AR 56 J3 ST 6 by A 5 30 5 W] 2 A
SRS H BRI T R BRR X F2 0 B
X F 43 b T AR RSD 4351 1.6%.0.47% . 1.8%. 45
R 3.4,

AR S
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0.144 A
0.12+
B C
= 0.1+ 24.5 3.8
Z 0.8 & % =37
~ 3.6
0. 06 m223.5 ]ﬁ%
. &S 923 =® 3.5
0. 041 Standard Solution g S 3.4
i ~22.5 ~
0. 02 Matrix 3.3
Blank-MobilePhase 221 T T T 1 3.2+ T T T )
0 0 2 4 6 8 0 2 4 6 8
T T T T T T T T T 60 °C%§ 60 ﬂcm—%‘
0 5 10 15 2(;/min25 30 3 40 4% (incubation) /h (incubation) /h

A VLS LA A S mE ( chromatogram of the mobile phase , the matrix solution and the standard solution ) B. TR PR S G R X AR AL (acidic
variants during heat treatment )~ C. = IR SR8 X 224K ( basic variants during heat treatment )

B4 DUERZREHEWSEUA pH-IEC FEFWIE—FEiE

Fig. 4 Method validation of pH-IEC for bevacizumab biosimilar—specificity

R3I NEBEBPHRAEWEMZ pH-IEC FEZRIT—RZE . EEMEREK (n=18)

Tab.3 Results of method validation for bevacizumab biosimilar—precision: repeatability

e 1= T Carea )/ ( wVes™) TR (area ) /% PG EFIE] ( retention time ) /min
(No.)  WRIX (acidic) W (main) BAX (basic) MK (acidic) FWE(main)  BHIX ( basic) Fi (main )
1 684384 2348761 78072 22.0 75.5 2.5 22.062
2 697499 2333423 76420 224 75.1 2.5 22.042
3 711778 2390065 78965 22.4 75.1 2.5 22.012
4 690809 2402090 80247 21.8 75.7 2.5 22.035
5 687861 2410192 79387 21.6 75.9 2.5 22.012
6 697879 2413605 77486 21.9 75.7 2.4 22.041
Mean 695035 2383023 78430 22.0 75.5 2.5 0.027

SD 9770 33825 1383 0.3 0.3 0.0 0.12
RSD/% 1.4 1.4 1.8 1.5 0.44 1.6 22.1

1 (note ): T BRI R 3 YGHAEF-2{H (every single data was the average of three injections )
& 4 NRRBHUEN UL pH-IEC FEFRIE—HBEE: MEBEELERR

Tab. 4 Results of method validation for bevacizumab biosimilar—precision: intermediate

e TN — FRIX. (area, acidic ) /% TR — 1 (area, main ) /% T AR — 31X ( area, basic )/%
(analyst 1) (‘analyst 2 ) (analyst 1) (‘analyst 2) (analyst 1) (‘analyst 2 )

1 22.0 22.8 75.5 74.7 2.5 2.5

2 22.4 22.5 75.1 75.0 2.5 2.5

3 22.4 22.4 75.1 75.1 2.5 2.5

4 21.8 22.5 75.7 75.1 2.5 2.4

5 21.6 224 75.9 75.1 2.5 2.5

6 21.9 22.3 75.7 75.3 2.4 2.4
Mean 222 75.3 2.5
SD 0.3 0.4 0.0
RSD/% 1.6 0.47 1.8

H (note ): T B H 3 IIEFAEEIIME (every single data was the average of three injections )

hhiHE i
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AL R X [ ( recovery of acidic variants ) B. UM ( recovery of main peak ) C. BRI s ( recovery of basic variants )
B 5 JURTREFEWEML pH-IEC FFiEF W IE—ERE
Fig.5 Method validation of pH-IEC for Bevacizumab biosimilar—Accuracy
334 M5 ATEEMELE R 1 mg s mL!
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[ 3 ALK I USP 436 g —80, BEE 5 M 2 500 000 Foco-909-0 oo von
I W iy SR
51 (80%.90% . 100% . 110% . 120% , & IR & b4l & 0 o 0 g
P N 0.7 0.8 0.9 1 1.1 1.2 1.3
XHR7 0.8.0.9.1.0, 1.1, 1.2 mg - mL™" ) FEAFA, 53531 bt

XoF PR DX, F2 06 Ak DX g T AR 5 i B o A T T
F5HT. AR 6 Fiw , 7ERIE ] 80%~120% VY, R
X F2l Bl X T A SRR R T R R AR,
LRMERI SRR 43000 0.987 6.0.999 5.0.999 0.,

(linearity level)

Bl 6 NXFREBFEMZEME pH-IEC FHiEFRII—&ESTERE
Fig. 6 Method validation of pH-IEC for bevacizumab biosimilar—

linearity and range
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3.3.5 it HIME 43w AR A R AR 0,50, 100,
150,200 F1 250 mmol + L™ # S AL 8 J5 R A7 K0, EL
RBE W3 5. G55 R 5 o0 i i it 22 PR AR
R AL 3t 22 R A A e VAR B ) R AN S e R 1
JEAE AR b AR R R , AN (R B AL as iy
PR IR X | F2e B X B 43 LI TR RSD 4351k
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Tab.5 Results of method validation for bevacizumab

biosimilar—robustness: matrix effect

NaCl 75 N L
I
(NaCl ( VTR — R0 R - X
concentration ) / ‘d.red' (area, main )/% (area, basic ) /%
o acidic ) /%
(mmol * L7")
0 24.55 71.79 3.65
50 24.57 71.82 3.61
100 24.53 71.80 3.66
150 24.65 71.54 3.81
200 24.87 71.37 3.76
250 24.23 72.04 3.73
Mean 24.6 71.7 3.7
SD 0.2 0.2 0.1
RSD/% 0.8 0.3 2.0
25 C
0.1+
\
- 1 . N Inj3
< 0.05
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| Al e
0 .
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Fig. 7 Method validation of pH-IEC for bevacizumab biosimilar—robustness : column temperature
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Tab. 6 Resultsofmethod validation for bevacizumab biosimilar—robustness: column temperature

LR

( column temperature )

IR - FRIX

(area, acidic ) /%

AT - 20

(area, main ) /%

W TR AH — T X

(‘area, basic ) /%

F b LR B I 1]

(retention time of main peak ) /min

4.36 19.798
4.40 19.828
4.42 19.800
4.4 19.809
0.0 0.0
0.7 0.08
4.56 20.190
4.61 20.223
4.53 20.223
4.6 20.212
0.0 0.0
0.9 0.09
4.56 20.638
4.77 20.650
4.87 20.683
4.7 20.657
0.2 0.0
33 0.11
4.96 21.090
5.15 21.140
4.52 21.129
4.9 21.120
0.3 0.0
6.6 0.12
4.64 \
0.24 \
53 \

20 C 25.01 70.63
25.03 70.57
25.06 70.52
Mean 25.0 70.6
SD 0.0 0.1
RSD/% 0.1 0.1
25 C 24.65 70.79
2521 70.18
25.26 70.21
Mean 25.0 70.4
SD 03 03
RSD/% 14 05
30 C 24.83 70.61
24.83 70.40
24.95 70.18
Mean 24.9 70.4
SD 0.1 02
RSD/% 0.3 03
35C 23.94 71.10
23.79 71.06
23.63 71.84
Mean 238 713
SD 0.2 0.4
RSD/% 0.7 0.6
Mean 24.68 70.67
Overall SD 057 0.48
RSD/% 23 0.7
0. 16 |
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Fig. 8 Method validation of pH-IEC for bevacizumab biosimilar—

robustness: shorter column
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