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TCE Target Ag Indication(s) FDA approved Company Format

BLINCYTO (Blinatumomab) CD19 R/R B-ALL; B-ALL MRD 2014 Amgen BiTE

KIMMTRAK (Tebentafusp) Gp100 Uveal melanoma 2022 Immunocore/AZ ImmTAC

TECVAYLI (Teclistamab) BCMA R/R MM 2022 Janssen/Genmab DuoBody (Fab/Fab)

LUNSUMYO (Mosunetuzumab) CD20 R/R folliclular lymphoma 2022 Roche/Genentech KiH (Fab/Fab)

EPKINLY (epcoritamab) CD20 R/R DLBCL 2023 Janssen/Genmab DuoBody (Fab/Fab)

TALVEY (talquetamab) GPRC5D MM 2023 Janssen/Genmab DuoBody (Fab/Fab)

ELREXFIO (elranatamab) BCMA R/R MM 2023 Pfizer/Genmab DuoBody (Fab/Fab)

COLUMVI (glofitamab) CD20 R/R DLBCL/LBCL 2023 Roche/Genentech KiH (2:1 Fab/Fab)

IMDELTTRA (tarlatamab) DLL3 R/R ES-SCLC following Pt-
based chemo

2024 Amgen HLE-BiTE

>60 TCEs at different stages of clinical development

Mis-paired species are a Critical Quality Attribute (CQA) that need to be 
characterized

https://www.cytivalifesciences.com/en/us/Solutions/Bioprocessing/Knowledge-center/Purifying-bispecific-antibodies-in-a-single-step

Background – Bispecific antibody (BsAb)

Challenges:
• High similarity between mispairing impurities and the desired BsAb
• Ion suppression by highly abundant BsAb species in RPLC



Fab-ScFv-Fc Fab-Fab-Fc

Workflow for BsAb impurities characterizations

Native 
SEC-MS

Native 
SCX-MS

HIC-RP-
MS

RPLC-MS

Hydrophobicity, denatured

Hydrodynamic radius, native

Charge and size, native

Hydrophobicity, native

Ma, Fengfei, et al. "Hyphenation of strong cation exchange chromatography to native mass spectrometry for high throughput online characterization of charge heterogeneity of therapeutic monoclonal antibodies." MAbs. Vol. 12. No. 1. Taylor & Francis, 2020.



Automated MS-based Characterization of Native Proteins

ION MAP – RAW DATA OVERVIEW

UV PEAKS USED FOR RT RANGE CONDENSING

AUTOMATED UV TO MS ALIGNMENT
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Comparison of Native SEC-MS, HIC-MS and RPLC-MS for Fab-ScFv-
Fc impurities separation
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• Three species are observed: bsAb, homodimer, and half-mAb.

• DFA has sightly better resolution than FA. 

• Baseline resolution can be achieved, but coelution may affect quantitation.
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Native SCX-MS provides superior chromatographic separation for Fab-ScFv-Fc
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• Three more species are observed in addition to the 

three major species.

• Better separation is achieved to resolve all 

unprocessed N-glutamine forms which cannot be 

detected by other methods.

• Optimal chromatographic separation (baseline 

resolved) combined with high MS S/N makes 

quantitation of all species possible.
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Comparison of Native SEC-MS and RPLC-MS Fab-Fab-Fc impurities separation
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• Five more species observed by RPLC in addition to the three observed by SEC, 

demonstrates the importance of chromatographic separation for MS detection.

• Quantitation by RPLC is still challenging due to coelution of multiple species.

BsAb L1-H1L1-H1-L1-H2
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Mass
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Native SCX-MS provides superior chromatographic separation for Fab-Fab-Fc
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Native SCX-MS provides superior chromatographic separation for Fab-Fab-Fc
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Mass
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bsAb L1-H1

Mass
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Mass

L1-H1-L1-H2
• One more species are observed by SCX in addition to the 

eight observed by RPLC.

• Deamidation can be detected by SCX due to the change of 

PI, highlighting the advantage of SCX to detect impurities 

as well as their PTMs.

• Although there is still coelution, the high separation 

efficiency and baseline resolution of SCX makes 

quantitation possible.



Reliable quantitation can be achieved by SCX
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Species
Theoretical 
Mass (Da)

Observed 
mass (Da)

Peak area (UV)
Percentage 

(%)

bsAb (L1-H1-
L2-H2)

148832 148833 1371779 65.09

L1-H1-L1-H2 149540 149540 538371 25.54

L1-H2-L2-H2 148744 148749 60434 2.87

L1-H2-L1-H2 149452 149455 15459 0.73

L2-H2/
L2-H2-L2-H2

74018/
148036

74016/
148033

35690 1.69

L1-H1/
L1-H1-L1-H1

74814/
149628

74814/
149618

69478 3.30

L1-H2 74726 74729 16404 0.78

LMW: 5.77

L1

H1 H2

L2
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• Four different methods including SEC, RPLC, HIC and SCX have been assessed and compared to 

separate bispecific antibodies and their mis-pairing impurities.

• With the increase of the sample complexity, SCX is established to be the method with the highest 

separation efficiency.

• Replacing formic acid (FA) with difluoroacetic acid (DFA) as the ion-pairing agent for RPLC 

significantly improves its separation efficiency.

• SCX achieves successful quantitation of all samples, and the results are comparable to traditional 

CESDS method.

• Selection of unique techniques can be applied more for other modalities such as mAbs, ADCs, and 

fusion proteins.

Summary
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Background – ADC

90+ ADCs are currently in clinical development 

with many advancing into later-stage trials
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Trodlvy
approved

7/11 in last five years (as of 
end of 2023)

Blenrep
approved

Zynlonta
approved

Tivdak
approved
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Variants in antibody
➢ During antibody 

production
➢ During conjugation 

process

Impurities in linker-
payload

➢ From drug linker 
synthesis

➢ During conjugation 
process

Conjugation 
heterogeneity

➢ Conjugation sites
➢ DAR distributions

Complexity of ADCs characterizations



Hydrophobic interaction 
chromatography (HIC)

❖ Gold standard for drug distribution of ADCs.

❖ High salt buffer and low volatility (incompatible with MS).

❖ The salt reduces the solvation of sample so that hydrophobic 

region become exposed and adsorbed by media.

❖ Nondenaturing separation with decreasing salt concentration
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Novel native Reversed-Phase 
Liquid Chromatography (nRPLC)  

➢ LCMS characterization of ADCs.

➢ Low salt + IPA buffer and MS friendly.

➢ Lower hydrophobicity of bonded phase.

➢ Nondenaturing separation

Strop, Pavel, et al. "Site-specific conjugation improves therapeutic index of antibody drug conjugates with high drug loading." Nature biotechnology 33.7 (2015): 694-696.

Why is it important to measure Drug to Antibody Ratio (DAR)?

▪ Low DAR value may indicate decreased efficacy

▪ Relatively high DAR value may negatively impact safety

DAR?

DAR?

DAR?



A: Ammonium Acetate

B: Ammonium Acetate+ IPA

Workflow for native Reversed-Phase Liquid Chromatography (nRPLC)-MS 

ADC mimic

ADC samples Dionex 3000 UPLC QE HF-X Data analysis



DAR6

DAR4

DAR2DAR0
DAR2 with one 

degraded 

payload

DAR4 with one 

degraded 

payload

UV

MS

Online separation and characterization of interchain linked ADC 
mimic (V1 column)



DAR8

DAR6

DAR4DAR2

UV

MS

DAR4 with one 

degraded 

payload

Online separation and characterization of interchain linked ADC 
mimic (V2 column)



Online separation and characterization of interchain linked 

internal ADC (V2 column)
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Signature ions for 

disulfide linkage



RT: 1.93 - 24.00
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DAR4

DAR3

DAR2

Online separation and characterization of site-specific ADC (V1 column)

Regular HIC-UV

UV

MS

DAR 2?

DAR 3?

nRPLC-MS



Summary

▪ Successful establishment of native RPLC-MS method for ADC characterization

▪ Effective separation of ADC with different DAR species (DAR0-8)

▪ Comparable results with regular HIC profile.

▪ Applicable for analysis of both interchain linked and site-specific conjugations

▪ Positional isomers with different conjugation linkages (conjugation in either the hinge 

region or between heavy chain and light chain) can be chromatographically resolved 
and verified
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• Back up



Method development – SEC and SCX
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Time (min)
Flow rate 
(ml/min)

%A (50mM 
AA)

0 0.2 100

24 0.2 100

SEC method
Column: Waters BEH200 SEC 4.6 × 300 
mm, 200 Å, 1.7 µm

Time 
(min)

Flow rate 
(ml/min)

%A (20mM AA with 
acetic acid)

%B (140mM AA, 
10mM AB)

0 0.2 100 0

2 0.2 100 0

13.5 0.2 0 100

16 0.2 0 100

16.5 0.2 100 0

22 0.2 100 0

SCX method
Column: Thermo 
MABPac SCX-10 RS 2.1 
mm × 50 mm, 5 µm 

High-resolution 
orbitrap

Ma, F., Raofi, F., Bailly, M., Fayadat-Dilman, L., Tomazela, D. (2020). mAbs. 12(1)



Method development – RPLC and HIC

25

RPLC method
Column: Waters 
Bioresolve mAb 
2.1 x 50mm, 450 
Å, 2.7 µm

Time 
(min)

Flow rate 
(ml/min)

%A (1.5M (NH4)2SO4 
with 50mM NaPO4)

%B (50 mM 
NaPO4)

0 0.5 90 10

16 0.5 0 100

20 0.5 0 100

21 0.5 90 10

31 0.5 90 10

HIC method
Column: Thermo MABPac 
HIC-10 4.6 x 100mm, 1000 
Å, 5 µm

Low-resolution 
Q-ToF

Time 
(min)

Flow rate 
(ml/min)

%A (Water with 
0.1% DFA)

%B (50% ACN/50% 
IPA with 0.1% DFA)

0 0.45 80 20

2 0.45 80 20

8 0.45 67 33

10.5 0.45 57 43

17.5 0.45 20 80

19.5 0.45 20 80

20 0.45 80 20



RT: 6.16 - 27.73
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RT: 3.32 - 26.95
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B: 50 mM PO4 pH 7.0 , 20% IPA

Yan, Y., Xing, T., Wang, S., Daly, T. J., & Li, N. (2020). Online coupling of analytical hydrophobic 

interaction chromatography with native mass spectrometry for the characterization of monoclonal 

antibodies and related products. Journal of Pharmaceutical and Biomedical Analysis, 186, 113313.
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