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Abstract Analytical and functional similarity assessments are pivotal to ensuring biosimilars exhibit high
consistency with reference products (RPs) in quality, safety, and efficacy. Based on a risk-tiered classifi-
cation of critical quality attributes (CQAs), this study systematically evaluated the physicochemical and
functional similarity between the Denosumab biosimilar CMAB807 and RPs (Prolia®/Xgeva®) using or-
thogonal analytical techniques. Results demonstrated that CMAB807 and RPs share highly comparable pri-
mary structures, higher-order structures, purity profiles, and functional activities. Minor differences were
observed in specific post-translational modifications, such as C-terminal lysine truncation of the heavy
chain. Additionally, CMAB807 exhibited Fc receptor binding profiles consistent with RPs and showed no
detectable antibody-dependent cellular cytotoxicity ( ADCC) or complement-dependent cytotoxicity
(CDC), aligning with the IgG2 subclass characteristics. Through risk-tiered evaluation and comprehensive
quality characterization, this study establishes a robust foundation for CMAB807’ s analytical similarity
and supports its clinical comparability investigations.

Keywords biosimilar; denosumab., physicochemical analysis; functional evaluation
0 5l%

THIT TR (mAbs) SR I B 5 P T A D BEIE M S P 2 B A D 35, © O A= W il 245 4518
WK 2520 2 —1 L BRI s B A 5 A 7 AR BR ) T R A 2 n] v L AR
285 (Biosimila) 1N 5 B METE 2 124 (Reference product, RP) 1E Fif: . 284 YEFIA R ME I 5 BE AR DL 1Y 2%
IR L RENE AT R AR BT AR AR BT 249 vl Sk, Tt Hoh v B 46 % Je v B R R B BRI T L

] 2% 24 it I B R )Ry (NMIP A A= ) 2 (0L 245 AH S 4 = L DU IR 20K, A= 2 L 2 sk 5 S IR 2 — By
RN 7512 K Z2 b A HOR il ik 42 T AT FOPERT ST, G045 2 TS5 A i A AL S5 W BRSO3 B A= W D REDEA 55 1
WS 2 B2 AARUPE Y . UEAT SR, WA R AT A i B 28 JSBR ARG PR Bl R T oAk R kit — 25 B T
JE ] L PERF ST I E B . NMPA X 28U 5 36 [E FDA KPR EMA 1) W5 B HE 4R — 250, 270 R 5L T " 48R IE
" PEAL AR AR . SR BT A2 AR A A T 2R v H AR R R S B, A AT L
PP IR IE 2 PR . DAY 33k R g0 aliAk T 20 KBS 8 i it Ak S8 S 2 N R
nie) 247 2 5 me) L 5 1 SR L 1T BE S EOOC #E T i JB M (Critical quality attributes, CQAs) W2 R, K, @71
FLF 143 T2 VAL SR L 45 A XU 0 P15 22 48 B 1 S8 AT B A o BRI AE W22 2 A D3R 15

&P BT (Denosumab) f2& — R 1) 4% - kB 32 AR 6 AL A F B (RANKL) 1y 42 A VR 1gG2 B4, i
ST B A LT ) O T B AR S S AR B RS DNRYT . BERE R R B T A AR A



55 4 1) FEARIN 45 . M T SATAE 25012 CMABSO7 BALARYE 5 T AR T M AH L PE DA 593

XA Y A RGBSR . TgG2 A A VR 254 (I — At B IR Fe SO0 Zh Al S 52 2= i B Je
T BB 2D 0 T AR A e 1

ABEFE LI EF RGP ZS CMABSOT S xR . A NMPA X 2 I 2578 3l Al i 2K, e T v [ 3t
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24 D3 1o BV LLBEHEA TP A (Tier 3011, LUK B4 8 MORAH (3% (HPLO) , B 4145 HL UK (CE) |, B
(MS) e % 8 TR (SPROF LU IESSHAR , RGE M FRAE— G5 | R BB R T Re TR . i
b 45 HE U AL AE S5 23 M. BB CMABS07 55 2 8 24 19 22 7t Yl [ K i PRAH S P, A BF 5l i 28 GE 37 Al
CMABSO7 4 B R AR  UESE T HAE BRSO 5 D REHE PR R B LA BEAR L. BFSE4S SR AU CMABS07
8 b T B R B O R S A b AR W 2R L2 PN I SR RO AR AR A T SRR AT B T HE S L AT
A PR A ZOR AR U PE A E .

1 MRS 7k

L1 ME

S W82 556 24 . v B T 35 U Y Hb 4T BT (Prolia® Fil Xgeva®) 14 [ 26 /A H) (Amgen Inc. ), 3t 16 it
W, L2 CMABSO7 i 8 M i 245Mb A BR A wl$2 43, 36 15 #Lk. T FF 4% i v j e B oy 2 J5 T
—80 CHIRFE bt [ S Vil

A SIS AL H Merck 23 7], PNGaseF B (i 2878 AW ARG BRA /D R (il
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kat NFAT-Re/CD16a(158V)-FcyR/peDNAS3. 1(hygro) ( FHERIT A ARARAFD . 5256 F LI
FEIRFFHE ACQUITY UPLC £%: (7% C4 BEH.C18 i) . Xevo G2-S Q-TOF Jiii#${ (Waters) , Biacore
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S2) . A, IR ES LSBT R s CMABSO7 F 25 51 3 7K F- (0. 20~0. 30 mol/mol) 5% 25 (0. 20~0. 28
mol/moD) 15 BEAHAL (A BIFHE R B ok 2 R (£3SD) . B CMAB807 52 82 — 25— 3, 6
PR 4F
%1 CMABSO7 IS RBAEEAMEYFRAUETEPHRERECERSE
Tab.1 Summary of quality attributes and grading in the physicochemical and biological similarity

assessment between CMAB807 and the reference product
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[ RANKL 543 1 FACS =] 1
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()], JE5IER R CE-SDS Fik R, CMABS07 )V S A5 S £ 1 = i 5 S 2 — 8, Rk i =7
S 5(by ), HFFAS ARSI, cIEF s CMABSO7 AR A S A4 LU I T2 B 25 , 2 d ik
C AU iRk i 22 ST 6 ()], 2R IKEF B(CpB) AL BRI , R 2 1 H fr 20 A i — A O 6 (b) 7,
BHES T3 a3 (CEXO 454 LC-MS/MS %5 8], CMABSO7 (5P 16 3= 52 by il 22 9% 9t 2 1k (Pro Amidation)
o N S L (PyrE) B M 3R 3, K 125 T2 BA 24 I SB A R PR i vk S5 2454030 Ji2 B,
TEA R 5 RS B PR AT Fe A il o CV A CMABSO7 FIZ B2 AH L 3% 25 S/

(a) (b)

10017 —~ 8
a CMABS07 e g | — CMABS807
O 801 2 6 _
g g CN-Denosumab
b 60 B
=] o L
E 401 s 7
= ° 0rf
2 204 431 E
= 5 2|
@) 2
0 5 -4f
"""""" 190 200 210 220 230 240 250 260
1407 cMABS07 7645 %
= 1201 2
&£ 1007 ‘E’ 1:
L 801 Z ot
2 o 5 5l — CMABS07
= 407 84.06 T 4t — CN-Denosumab
£ 201 = st
5 0] 5 -6
20+————T——T——7——71— -7 . ; . . . ; . . :
20 20 40 60 80 100 250 260 270 280 290 300 310 320 330 340
Temperature/ C Wavelength/nm

1 (a) DSCiEEl 5 (b) 44 CD BRI () MIE 4 CDIEE (T,
3 CMABS07 Fn i [E it &F B S K L5453 47 : DSC F1 CD
Fig. 3 The higher order structure analysis by DSC, CD and Intramolecular fluorescence for CMAB807 and CN-Denosumab

(a) (b)
“,.-'--"*‘--\ © CMABS07 gt . ® CMABS807

\_ TS

=) =)
& o
..,"W"-._.“. e CN-Denosumab ~"~""'...‘ ® CN-Denosumab
o o .,
s . ™

310 320 330 340 350 360 370 380 390 400 410 320 330.5 341 351.5 362 3725 383 393.5 404 4145 425
Em wavelength in nm(Ex 280 nm) Em wavelength in nm(Ex 295 nm)

T (BRI 280 nm, (W EE UK 295 nm,
B 4 CMAB307 fit E A iF BB REM DI 5 FRIK
Fig. 4 The higher order structure analysis by Intramolecular fluorescence for CMAB807 and CN-Denosumab

2.4 BEIEARAG b 04 S BT RIOUPE be g

BRI — Pl B S B A ] BESE I B e BT IR A A5 4 AR 1R 2By FIAE e T . TR
TR AL BT 7R CMABSO7 52 M2 11 NREREAL I A2 T H6E Asn298 7 . Bl LA A [R] (GOF
GI1F.G2F %) fEARR FEEAFAE /N IE S



FEARIN 45 . M T SATAE 25012 CMABSO7 BALARYE 5 T AR T M AH L PE DA

599

(a)

-

I

N

0.00 200 4.00 6.00
t/min

8.00 10.00

80.00
70.00
60.00

5 50.00
é 40.00
30.00
20.00
10.00
0.00

(b)

ﬁj\k

5.00 10.00 15.00 20.00 25.00 30.00 35.00
t/min

70.00
60.0
50.00
40.00
230.00
20.00
10.00
0.00

(¢)

0.00 5.00 10.00 15.00 20.00 25.00 30.00
t/min

1 (a) SEC-HPLC 838 ; (b) i85 CE-SDS #4415 () JEik )5 CE-SDS %4,
5 CMABS807 Fnr E T iatt 67 B B9 K /N bl 4
Fig. 5 Comparison of the purity of CMAB807 and CN-Denosumab

340.003 ., 1.30
30000] ¢+ 1204 ()
: 1.10
260.00 1.00
220.00 0.90
- 0.80
=z 180.00 = 0.70
£ 140.00 < 0.60
100.00 8:38
80.00 0.30
40.00 e - 8%8 t - N
0.00 — G 0.00 —_ = ——— e T

0.00 10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00 90.00
t/min

0.00 20.00 40.00 60.00 80.00 100.00 120.00 140.00 160.00 180.00
t/min

TE: () cIEF i%E; (b) CpB 4LFJF CEX %A,
6 CMABS07 F0 51 [E 7353t &7 S H Y R T 22 R4 B i LL 3L
Fig. 6 Comparison of the charge variant profiles among CMAB807 and CN-Denosumab

R 2 CMABS07 firh E izt &F BRI HE R LL XA E (GER )
Tab.2 Comparison of glycans between CMAB807 and CN-Denosumab

AL Ex AN
et = H 2 M IR PR GOF A2 FLBE
" — KLk O WL S0R "
84.1 15. 1 5.5 0.2 70.2 12. 13
CMABS807/%

(79. 8~88.9) (1. 1~19.2) (4 1~7.1) (0.1~0. 2) (66. 6~75.9) (8.6~16.8)

81.1 18.0 7.5 0.3 61.2 17. 59

CN-Denosumab/ %
(76.7~83.8) (15. 4~22. 3) (6.8~8. 4) 0. 1~0. 9 (58. 1~65. 5) (13.3~21.0)
SEIKAHEAE 3 CHILIO) 25 A 258 6 RGN A5 35 40 B 45 5 7R . CMABSO7 12 HR 24 rp kG I 1] frt A7 751

Fh2EARTR] . = B A O e R AL B MO B . 4 GOF \G1F(G1F F1 GIF?) Fil G2F ., LA Ko /i (3R 5 5
I b SR RIS A IR Y R 1) SR (3R 20, RSB R (R ARG = B AR INE S . 91n . CMABS07 H1 GOF
AR =F BE W 55 528 77 5 L T GLF FA X = BRSNS % 77 . s S5 R B, CMABS07 5 i %
RS 1) i & BT ELAT A ) RS ARAN A5 o A RO ] (4 8 R S SO0 280 () M S BE AR AR N 22 57 ik it — 2

FF T CMABSO7 52 MG 745 MIDIBE_ L AARMUYE .
2.5 Yyhens PEATeLPE 53 B

WA P L 5 RANKL #5456 LAas [ 07 B 7 CBH 1 RANKL 5 H 2 AR5 A, 4 il i 15 40 i
PR TR A R o DT B/ WA o R 6T AR DGR I VE o AR AR FIBILI s AR 43 2 R4 T T 12 TiiAE
YA AR, AU RANKL 454 . Fe ZR 454 . ADCC.CDC FIA 1% PER I (2 1), LATEAE CMABS07
AR ELPE o

RANKL 2541 A RANKL 254 16 04 DL A= i 2 FE b A B i A% O AR AL B A o8 Titer



600 SRR 27241 CFL AR BO

1. ELISA 5imzCA AR UESS, HlF 2 RANKL 25616 M S A RANKL 455 1t 52 IS8 A 7(a,
D). KT AP T AR T BT NF-«B 56/ 2 B4 55 DI ARG 0 7 125, A0 B 45 SR s, 4%
HER CMABSO7 22 BB 25 (AR X A= MG VESITE 80 % ~130 Y3t B (I 7(0) )., R Tier 1 MIZERPETEAL 71k
5307, CMABS07 5 MR2Y A=) 2A G M A A . ZEDIRE IS PEAR UM 43 B v i 3 CV {1 CMABS07 Fi1Z: IR 2454
Fb, i 22 5 550/

140- 1407 (p 140-

< (a) - (b) (¢)

E z ‘

£ 1201 " 1200 . S 120 N

g A : 4 R ] Aia A : A, é“ 2 A

2 100] 24441 " £ 100{ 144 it 2 100] b 4ad

;é AAﬁk AAA:AAA —g Aﬁﬁ : 2 %“ i‘:::

B AA ATA = A Adaa on A a

kS S g

Z 80 Z 801 2 801

g g =

[}

[0}

& . . S 60 r : 60 r :
CMAB807 CN-Denosumab CMAB807 CN-Denosumab CMAB807 CN-Denosumab

[ | [ | |

20 -10 0 10 20 20 -10 0 10 20 20 10 0 10 20

T < WO P AR AR O 1 S5 AT 45 2R 07 IS R R T 900 I B S IXTB] (CD . A FRid 2R — A e
HER PTGV - PR A = MIERR CMABSO7 WE, 216 = MR T ETT A P E. () RANKL 58761
(b) A RANKL &58 76 M (o) AEWiE .

B 7 CMAB807 F1fh[Eiinith&F A 5T Titer 1 £ FREREMEMELE
Fig.7 Comparison of Tier 1 biological quality attributes of CMAB807 and CN-Denosumab

Fe S Ak45 4 (SPR £/ L K Clq 43#7, CMABS07 5 RANKL 454 #9214 KD Jy 10 mol/L
B, 5 MR R AR BOEAR — 30K 8(a)), R Tier 2 BUARBAIYE L X 5 B 364740 B 77 i 24 7 AR AR
PR R (96. 7% ~103. 7%) , il CMABS07 1) RANKL 35 #1 11K 52 25 AL, % 4, CMAB807
HEMAN FeRn 455 HIEMEE KD A 107 mol /L B2 . 454 1gG Al FeRn BHELESEM SR, H 55 18
510551 H B — 2R 8(b)J . Hifth Fe 324 Ay A6 AS U 285 51 .7~ , CMABSO7 2 B 245 R Bl — 3K, SR M
F1%% . iP5 FeyRIla #1 FeyRITa Y2681 776 10° mol/L 7K (&l 8(e, d) I, 5 FeyRIIb £E 107 mol/
L /KF-CE 8(e) T, 5 FeyRIa F1 FoyRIIb WK FAEI N BR . @i ELISA &l 434 CMABS07 5 zh 2z
[/ Clq 456 3R FJIAHBICE 8(DHT,

AR ADCC #l CDC H-3AE & FRHTAY MOA  FoATTHE— 25 PP A A2 2800 M AR AL 25 SR B , T A Bt
A=A ADCC R FI CDC S » £ g7 Bt 1eG2 WA B e
2.6 ZESEMIN R & SEAG

CMAB807 7 HE C Ry R 5T VI LB 5 @ ok - 5 S BAFEMUNE S . CA MR RN, 1gG2 dilk
HyESE C RIRIHERTENE I RGP R 2 IR LR 1 h, 231E 5 Rl Pk 00, IR 25 1) A s 2 R
BT L] T 258k ARG B R O TR . IEAMBLAA BF T R L P C st 20 iR 19 85 VIO R 2 %
PUUR 22 AP A R = A im0 L 55— T A B KU RS e PR 5T CMABS07 /s Hi A2 e 24
T FEEAEARL » 45 e R 25 4R 8 2 (PRO Bt Rl AR 3R 40 . b 25 S5 ok 80l e i ol 2 85 B0 Ak, U H G I
PRABEE .

3 &g

AWFFTIET I S Tk KURS: 4 G S 4 A 2 4 IS8 i B R R GG T AT b A 2l 2y
CMABS07 5% IRy i BAL A 5 T RETH MEAR U . 45 9 W , CMABSO7 15— 20451 | i3 G4 by L 4l K 3y
REVE M55 T @M L5 2 MR AR ORI AE R AL 1gG2 1) 55— A AL 2500 2 St AR B
WFFE R BIR S FEAR R B2 % L, Xif JE BBt i A 2 25 N 2 BR 2 2 (Rl AR DU EA T T 2481 . 22



41 FEREYI, %5 AT PP AR B2 25 CMABSO7 BB R 5 Th A8 IS PEAR DL IEAY 601
HOXH A
1107(3)  RANKL 3x11%7(b) FcRn 1x1077(¢)  FeyRI1a(CD32a)
8x 107
_ 1057 RV U B T Lo i, N
= a Ala A
E\ AAA AAAAA s A 6 x 1071 N AAA
S 100 AAAAALALA A aA4Aa = A, 2 A tAAA
= AAa e alxll”" A:A Aaa §4><10’6' RYVEIN ﬁ:AA
< 95 4 3 Ada s atia
0 2 x 107
90 T T T T T T
CMABS807 CN-Denosumab CMABS807 CN-Denosumab CMABS807 CN-Denosumab
(d) " FeyRITIa(CD16a) 6x107(€)  peyRIIB(CD32b) 1107 () Clq
2 x 1075 e io 105-
A x 1071 BN
2 £t s Laa Zi00] mudun st
v A A A A N = 1001 vy Al
I1x10°] aa ah < R R £ =
N Ahaa 2% 10 4 Laa < o
N s thad Y 1adi
A A
0 T T ) T T 90 T T
CMABS807  CN-Denosumab CMABS807  CN-Denosumab CMABS807 CN-Denosumab

FEABUE MR N2 Y 22 A A AR (T RS 254 5 2

L BMRIC RS — N REE R 1T PE(E . PR = MIE KR CMABSO7 1H, 416 — ML 3R T E T T bt ifE . MLk
R FDA @i Bt ; O B (B 3 5 FR1fE2) s () RANKL 2545613 (b) FeRn 454 3 M1 415 (o) FeyRIMa 454 36 #1715
(d) FeyRIIIb 45431775 () FeyRIIb 85431715 (D Clg Z54& 7.

8 CMABS07 F1FE i35 7 B A9 Tier 2 F0 Tier 3 # Fab 1 Fe #X & & ThBELL R
Fig. 8 Comparison of Tier 2 and Tier 3 Fab and Fc related binding functions of CMAB807 and CN-Denosumab

=
[ =]
I

MAEFRE C AR Ui 2R 57 U L] 25 s M _EAFAE RN 22 57 D BESS UE KPPl TGl PR S, D HEAE o st

RE“A AR . S CMABSO7 1 & B R 4 2

L2809 b A S At IR SR BORRIESE . WFSERIY B T RGO kS S A BORTE A YIS 25 1
RO EL o P E ARG B A R AL S PR It T RS %,

(1]
2]
[3]

[4]
(5]

[6]
7]
L8]
(9]

[10]

[11]

[12]

[13]

%

% % X

KAPLON H. REICHERT J M. Antibodies to watch in 2018[J]. mAbs, 2018,10(2) . 183-203.

PHARMA E. World Preview 2023, Outlook to 2028: Patents and Pricing[ R]. Evaluate,2022-1-22.

WADHWA M, KANG H N, THORPE R, et al. WHO informal consultation on revision of guidelines on evaluation of similar biothera-
peutic products, virtual meeting, 30 June-2 July 2021[J]. Biologicals, 2022, 76:1-9.

FE 25 5 B AR, AR IR SRR S i G [R]. Jbat: EIR 25 A U= . 2015-1-18.

KIRCHHOFF C F, WANG X M, CONLON H D, et al. Biosimilars: key regulatory considerations and similarity assessment tools[ J].
Biotechnology and Bioengineering, 2017, 114(12): 2696-705.

AGENCY E M. Guideline on similar biological medicinal products containing monoclonal antibodies| R]. 2017.

WALSH G. Biopharmaceutical benchmarks 2018[J]. Nature Biotechnology, 2018, 36(12): 1136-1145.

CUMMINGS S R, MARTIN J S, MCCLUNG M R, et al. Denosumab for prevention of fractures in postmenopausal women with osteo-
porosis[J]. New England Journal of Medicine, 2009, 361(8): 756-765.

WANG LY, ZENG Y J, GAO WY, et al. Interrogation of structure-activity relationships in charge variants of therapeutic IgG2s ena-
bled by free-flow isoelectric focusing fractionation[ J]. BioDrugs, 2025.

ALABI O, DEMENT-BROWN J, TOLNAY M. Human Fc receptor-like 5 distinguishes 1gG2 disulfide isoforms and deamidated charge
variants[ J ]. Molecular Immunology, 2017, 92: 161-168.

ADMINISTRATION U SF A D. Scientific Considerations in Demonstrating Biosimilarity to a Reference Product[R]. U. S. Department
of Health and Human Services Food and Drug Administration, 2015-1-27.

NIKOLIN B, IMAMOVIC B, MEDANHODZIC-VUK S, et al. High perfomance liquid chromatography in pharmaceutical analyses[]].
Bosnian Journal of Basic Medical Sciences, 2004, 4(2): 5-9.
SIVENDRAN R. RAMIiREZ ], RAMCHANDANI M, et al. Scientific and statistical considerations in evaluating the analytical similarity



602 SRR 27241 CFL AR BO

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]
[31]

[32]

of ABP 501 to adalimumab[J]. Immunotherapy, 2018, 10(11): 1011-1021.

FOYN H. THOMPSON P R. ARNESEN T. DTNB-based quantification of in vitro enzymatic N-terminal acetyltransferase activity[J].
Methods in Molecular Biology, 2017, 1574, 9-15.

SOME D, AMARTELY H, TSADOK A, et al. Characterization of proteins by size-exclusion chromatography coupled to multi-angle
light scattering (SEC-MALS)[J]. Journal of Visualized Experiments, 2019, (148):148.

NAKANO M, Shoko N, et al. N-Glycan profiling by liquid chromatography-mass spectrometry (LC-MS)[R]. Japan Consortium for
Glycobiology and Glycotechnology, 2021:1-10.

BAE S, KIM K, KANG K, et al. RANKIL-responsive epigenetic mechanism reprograms macrophages into bone-resorbing osteoclasts
[J]. Cellular & Molecular Immunology, 2022, 20(1); 94-109.

SUNBM, XUJ M, LIUSQ, et al. Characterization of small molecule-protein interactions using SPR method[J]. Methods in Molecular
Biology, 2023, 2690. 149-159.

ABDELILAH S G, BOUCHAIB L, MORITA M, et al. Molecular characterization of the low-affinity IgE receptor Fe epsilonRIT/CD23
expressed by human eosinophils[J]. International Immunology, 1998, 10(4): 395-404.

WANG X D, MCKAY P, YEE L T, et al. Impact of SPR biosensor assay configuration on antibody: neonatal Fc receptor binding data
[J]. mAbs, 2017, 9(2): 319-332.

CSORBA K, SCHIRMBECK L, DUBLER D, et al. Anti-Clq autoantibodies: standard quantification and innovative ELISA[]]. Meth-
ods in Molecular Biology, 2021, 2227 107-114.

ROBKOPF S, EICHHOLZ K M, WINTERBERG D, et al. Enhancing CDC and ADCC of CD19 antibodies by combining fc protein-engi-
neering with fc glyco-engineering[ J . Antibodies, 2020, 9(4): 63.

VANDEKERCKHOVE K, SEIDL. A, GUTKA H, et al. Rational selection, criticality assessment, and tiering of quality Attributes and
test methods for analytical similarity evaluation of biosimilars[J]. The AAPS Journal, 2018, 20(4); 68.

FE 2 i B B BUR). 25 WIe R ERAE e SR ], JE5t. FE 5 25 B & BUR) . 2020-1-17.

b E EZ AR E R G, B IR R — 2R IR, Jeat: HE P E EZ AR S 514, 2017-1-22.

CH CHOW S C, SONG F Y, BAI H. Analytical similarity assessment in biosimilar studies[J]. The AAPS Journal, 2016, 18(3): 670-
677.

LIU H C, PONNIAH G, ZHANG H M, et al. In vitro and in vivo modifications of recombinant and human IgG antibodies[J]. mAbs,
2014, 6(5): 1145-1154.

TSUBAKI M, TERASHIMA I, KAMATA K, et al. C-terminal modification of monoclonal antibody drugs: amidated species as a gener-
al product-related substance[ ] ]. International Journal of Biological Macromolecules, 2013, 52; 139-147.

CAI B, PAN H, FLYNN G C. C-terminal lysine processing of human immunoglobulin G2 heavy chain in vivo[ ] ]. Biotechnology and Bio-
engineering, 2011, 108(2). 404-412.

2RI RN VF R B, SF. BPUE IS IZY 5 R 2 BT AR R AT D], R B2 2R, 2022, 31(6): 523-531.

FAID V, LEBLANC Y, BERGER M, et al. C-terminal lysine clipping of IgG1: impact on binding to human FcyRIIla and neonatal Fc re-
ceptors[ J]. European Journal of Pharmaceutical Sciences, 2021, 159: 105730.

NANDAL J. MIHOOLIYA K N, VERMA H, et al. Evaluation of physicochemical and functional similarity of a new CHO derived anti-
EGFR antibody P-MAD to its reference medicinal product[]J]. Artificial Cells, Nanomedicine Biotechnology, 2022, 50(1);: 17-28.

(DTG4 - X PR



9539 B 4 10 WSR2 24 (A SR D Vol. 39 No. 4
2026 4E 8 H Journal of Liaocheng University (Natural Science Edition) Aug. 2026

XS 1672-6634(2026)04-0591-12 DOI 10. 19728/j. issn1672-6634. 2025040016

ML
Supporting Information

Ho &7 i ZE P 2Rl 25 CMABS07 Bk 4t S
Iy i 76 P8 AH AR Pk PR Ak
BRI, B S B, R RS BT, R,
,Er:[—ﬁ/%l,Z ,\}%%gﬁlﬂ , F/iﬁ/l,Z , ?B@:%LZ ,ﬁlj}%l’Z’S’E) , ﬁ)«g‘j//]\l,Z,B ’%EE%I,Z,S ,
1%%1,2,3 ,?11,2,3 ,%J\)ﬁ%jﬁllﬂﬁ , E%Z@LZ’S’G , gﬁj(ﬁﬂ» 1,2,3 , %IS ,M:T‘ﬂl,Z,S,G ,f//f}ﬁlﬂﬁ

(L W7 252 5 R ah TR BE R I>7 2545 MUBEAL il o 42 I B AT S0 2 LR IR 25205952, [ 5K 24 i M B B sy
I ARG TR P HE A SR A R 20120353, HRINEERRS: 25278t Ko 12515 UL o 2 e E R s g =
HITE RN 32503554, FRMLHERPHATBRA 7], V1958 280 22531655, & H IR AR EERE MU RE, LI 2000405

6. FRITAEMH AR T K31 2545 UBLAL ) % 4 [ JE0 0 0 2, B 201203)

Analytical and Functional Similarity Assessment
of Denosumab Biosimilar CMAB807

ZHUANG Huangzhen'*, GUO Qingcheng’***, ZHOU Chaoxin'***,
WANG Chenguang"'?**, FAN Wenqiang"***, ZHU Weifan'*,
REN Yule'?, PAN Zhiyuan "*,CHEN Yi''?, GUO Menghui'*?,

LIU Tao"**°, JI Lusha"*?, QIAN Weizhu ""**, HOU Sheng'**,
LI Jun"*?, SUO Zigiao"**, WANG Xuekun'***,
ZHANG Dapeng"**, GUO Huaizu"'**°, XU Jin"*"*

(1. State key laboratory of macromolecular drugs and large-scale preparation, School of Pharmaceutical Sciences and Food
Engineering, Liaocheng University, Liaocheng 252059, China; 2. NMPA Key Laboratory for Quality Control of Therapeutic
Monoclonal Antibodies, Shanghai 201203, China; 3. State key laboratory of macromolecular drugs and large-scale
preparation, School of Pharmaceutical Sciences, Wenzhou Medical University, Wenzhou 325035, China; 4. Taizhou
Mabtech Pharmaceuticals Co. , Ltd. , Taizhou 225316, China; 5. Department of Oncology, Huashan Hospital,
Fudan University, Shanghai 200040, China; 6. State key laboratory of macromolecular drugs and large-scale

preparation, Shanghai Zhangjiang Biotechnology Co. . Ltd. . Shanghai 201203, China)



xS1 EMRAEAXRERMERFZHST

Tab. S1 ~ Statistics on coefficients of variation for quality attributes related to activity and purity

CV1H/%
FREREE
CMAB807 CN-Denosumab
WeES RANKL 25 &3t 6.3 7.7
W B RANKL %5406 M 7.2 10.5
RANKL A= ¥y75: 4.5 6.6
R TR R 26.9 9.0
iR B 19.6 21.1
NGHC 17.8 21.1
PR A S A 12.4 5.2
Fig 1.7 1.1
B AR S 15.2 16.7
xS2 EERBEWG
Tab. S2 Post-translational modifications
Oxidized Peptides/ %
Samples N-Term Pyr/% C-Term -K/% Deamidated/ %
M106 M253 M398
CMABS07 2.5~4.5 64.7~78.2 1.9~8.2 2.5~4.7 1.1~3.0 4.4~6.0
CN-Denosumab 2.7~5.1 93.4~98. 4 1.7~9.7 3.8~4.7 1.4~3.9 3.4~6.4
RS3 ZmEtxam
Tab. S3 Comparative analysis of disulfide Bonds
R - BB HE) /min
PSR frE X g R B B CMAB807 CN-Denosumab
L:C23-L:C89 24N L:TK2-L:TK10 47.56 47. 54
L.C135-1:C195 BEEN L. TK15-L:TK22 50. 89 50. 83
L:C215-H:C136 (7] L. TK24-H: TK11 38.33 38.29
H.C22-H.C96 EHEN H.K1-H.K4 61.52 61.53
H:C149-H.C205 EEEN H:TK12-H:TK13 68. 20 68. 15
H:C224-H.C224 \H.C225-H.C225, )
ft: ] H:KI11-H:Kl11 67. 46 67.51
H.:C228-H:C228,H:(C231-H:C231
H.C263-H:C322 EHEN H:TK21-H:TK27 51.73 51. 68
H:C368-H:C426 EEEN H.:TK35-H: TK40 42.76 43.10
L:C215-H:C224-H:C225-H:C136 " HEN HE] L:TV34-H:TV15-16-H: TV21-23 46. 35 46. 31
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