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Study on the formulation robustness of biopharmaceutical drug
products based on multivariate data analysis
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[ Abstract] Objective: To explore the feasibility of multivariate data analysis ( MVDA) in formulation
robustness study of biopharmaceutical drug products by taking an antibody-drug conjugate ( ADC) HS630 as example.
Methods: A two-level fractional factorial design with five factors was used to investigate the effects of protein content,
contents of three excipients and pH on critical quality attributes. After preparation, the samples of each group were
exposed to high temperature for 28 d and light for 10 d, respectively. The contents of polymers and free DM1 were
detected and analyzed. Results: Partial least squares ( PLS) method was used for model fitting and data analysis,
and the model seemed good with an acceptable predictive capability. All the excipients and pH had no significant
effect on the contents of polymers and free DM1. Although it was not significant, a higher free DM1 content was
noticed with higher protein content and higher pH conditions. Light and high temperature had significant effects on
the attributes of drug product with a similar trend but small ranges. The formulation in the studied range was regarded
as robust. Conclusion: Taking MVDA method into formulation robustness study of drug products can analyze the
multi-dimensional data obtained under different treatment conditions. The critical components of the formulation can
be identified, and the influence of treatment conditions on the critical quality attributes can be investigated.
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i) 70 A2k J7 R R BF 5 v A

A SCUAHTRAR R /N 53 2459 (antibody drug con-
jugates, ADC) HS630 3 f, i MVDA 761 b )y
FaAEVERT TS h A . HS630 2 R /ARIE b gy
Yy Kad(:yla® (trastuzumab-MCC-DM1,T-DM1) iy 4 ¥
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# #

1 4=

Agilent 1200 755 2 AH 35 4% (36 [F Agilent 23
H) , A% #: S TSKgel G3000SW, ( H 4 TOSOH 7%
) ,300 mm x7.8 mm,5 pwm) F Zorbax Eclipse XDB-
Co(EREZHMLAF,I50 mm x4.6 mm,5 pm);
Epslion-2-6D-LSC plus % T #1 ( 1% Christ 2\ &) ) 3
Labonce-120PS 24 i s G Fe e M g 46 (Jbmt == 0L A
TR AR A R 2 7)) s KBF 720 18 I 15 12 4 (78
Binder 2] ) o
2 RH A

HS630 (415 : S15001) H Wi VT 1 458 25 ) i 25 45
R B A2 77 JF S At 5 Bl R it iR 20 ( H %5 4116-
04,4tk :000020687 ) Iy [1 % [ J. T. Baker 4% &l ; 4
B IE IR ( H %5 100681, it 5 : K43601781) | %
B9 R (H %5 .103789 It 5 . K44582392) {43
4l 1 (3 %5 : 100665, 41t 5 . 1755230442 ) Fil {4 3%
gl FEE ( H %5 : 100837, 4t 45 : 1734407415 ) #101l {
& Merck KGaA 724wl ; Hij Bl 2 S A LB (L5
100920140510 ) B {4 1 P /5 HE 1 25 e 5 L0 7 5
T4 =9 LR ( H 5k '5 : TR4296-013, 41t 5-: 1111058 )
1 A % E Tedia A w); %4l 5 N B (H R 5.
167880010, 4t %5 : 14090453 ) Iy [ F& 3K K i /K B 4
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PR A S AL T AR e 28 ( H 3¢5 :7001-3059 , 41t
5:3138013164) Iy [ 37 fin 3 74 [G B2 245 ik 55 3 i 3¢ AL
NEBRA A #i — A8 (H 3510017608 , 41t 5
20130709 ) S k40 ( H %5 10016318, 1t 5-:20130913) |
KA A (H %5 110017518, 4 5:20121130)
¥yl oy pral, 0 A 1 25 8 A iR A IR A Ao T
FHIK B 7 V0 AR ) 24 B A R 4, 4l K
Milli-Q #B4li7K &4t (£ [E Millipore A H]) #l45 .
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WIFSE, 20 B 2% 4 300 Sl kR0 P i o0 7 52 B AR 7 5
HhH T A DR ) RE AR Y 22 S S LR 24 ) o
AR . SRS BT 2 AKF R ER 2 A i (43
PRI, & 8 D m BT 2 A EE A L),

b J5 A, oAb T 9 A 10 Sy H AR R b T ) 52 56
A ORI R VA R BE AT 22 AR A
DMI1 & B 45 R WK 20 ik — % 5N TR 4t
J7 IR AR, SR R il (40 °C) ADE B2 1 (4 500 =
500) Lx 47 5 i B A 52 96 01 5%, JF 20 1 T Ot I
d 10, mif d 14 Fowg i d 28 JHEgEAT 2 AR & B
i 75 DML &5 0 5E , 5250 26 VF AR I 25 2R WL 3

SRR o 3 R (R L 3% B R RO AL 3 R Ao BTH BT RIS AUKE
20) A e pH I 56 e I i R Mk £ Bk A i A LT ol
B DM & BB H A, S50 B 0 R 2K ! 0 +!
HH TS/ mg-mL ! 17 20 23
G L 1, B F KPR B 4 A % & T B b i ) o
5 A Aol A TR L U SR T RE S L (0 22 5 i ) e S 5LV FE /ol 75 10 12.5
W3 T o PR 2 B A W T TR AR R L RIS 2 5T B 20 7 k/% 0.012 0.020  0.028
ST 56 WURE W R AT O F L g0l AR 2 L0 S
K2 OB R KK 4E
ERE . Eﬁﬁé‘%‘ TE A BE IR R i3 20 oH i EZ2: 2N iE % DM1 # &
/mg-mL "~ SR/ % /mmol-L ™! it/ % T/ % /g mL ™!
1 1 23 7.5 12.5 0.028 4.6 2.64 1.50
2 2 17 4.5 12.5 0.012 4.6 2.45 1.10
3 3 17 4.5 7.5 0.028 4.6 2.40 1.10
4 4 17 7.5 12.5 0.012 5.4 2.53 1.36
5 5 23 4.5 12.5 0.028 5.4 2.55 1.91
6 6 23 7.5 7.5 0.012 4.6 2.54 1.73
7 7 17 7.5 7.5 0.028 5.4 2.46 1.40
8 8 23 4.5 7.5 0.012 5.4 2.59 1.90
9 9 20 6.0 10.0 0.020 5.0 2.43 1.80
10 10 20 6.0 10.0 0.020 5.0 2.58 1.43
R3O R S S B R
P #,ﬂﬁ T%a‘a EZ 2N i %5 DM1 rRE  ApE ﬁ'ﬁ‘ﬁﬁ %%ﬂ EZ 20N i % DM1
BfEl/d BfE/d EiE/% fR/pgemL ! WfE/d BfE/d EE/% Fh/pgemL
11 1 10 0 2.77 1.78 26 6 0 14 2.62 2.19
12 2 10 0 2.61 1.31 27 7 0 14 2.48 1.92
13 3 10 0 2.62 1.34 28 8 0 14 2.90 3.43
14 4 10 0 2.88 1.56 29 9 0 14 2.57 2.24
15 5 10 0 2.97 2.14 30 10 0 14 2.66 2.58
16 6 10 0 2.69 1.90 31 1 0 28 2.84 3.35
17 7 10 0 2.64 1.24 32 2 0 28 2.71 2.81
18 8 10 3.09 1.76 33 3 0 28 2.59 2.60
19 9 10 2.85 1.51 34 4 0 28 2.71 2.42
20 10 10 2.97 1.49 35 5 0 28 2.87 3.22
21 1 0 14 2.70 2.33 36 6 0 28 2.72 2.16
22 2 0 14 2.59 1.59 37 7 0 28 2.60 3.54
23 3 14 2.50 1.73 38 8 0 28 3.11 3.93
24 4 14 2.59 2.33 39 9 28 2.72 2.45
25 5 14 2.72 2.85 40 10 28 2.74 2.71
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20 min, 12 000 r-min "' .0 20 min, B35 W IE1T 0
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0.1% = LRIKEW , W s #H B g 0. 08% £ i ¥
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A 15% ~0% ;41 ~44 min, A 0% ;44 ~45 min,A 0% ~
70% ;45 ~50 min, A 70% ;33 1 mL-min =" ;R0 3 K
252 nm #3735 C,
5 HESW
5.1 #EEWE  FEHIFA I iR RS X T
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I MR R > 0.8 AR A b, 07 >
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0.6
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