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Presentation outline
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Θ LB/LC-MS Hybrid methods to support ADC pipeline

Θ LC-MS-based approaches to characterize and quantify Antibody-Drug Conjugate

Θ Total Antibody - Conjugated Drug combined method



LB/LC-MS Hybrid methods
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Introduction- What is an 
Antibody Drug Conjugate?  

 ADCs guide toxic payloads to tumors 
improving the therapeutic window

 ADC build on characteristics of therapeutic 
antibodies
• High specificity 
• Long serum half-life and reduced 

immunogenicity (with humanized formats)
• Well understood biological function

 ADCs may have lower systemic toxicity
compared to chemotoxic drugs increasing 
therapeutic window even with toxic payloads

Adapted from Panowksi S et al. JR – Mabs Volume 6 (2014 )
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 Total antibody (Tab) analyte represents the total 
antibody component of an ADC

 Conjugated antibody analyte is used to monitor the 
concentration of antibody bearing at least one drug 
molecule (i.e. DAR ≥ 1).

 Antibody conjugated drug analyte represents the 
amount of toxin conjugated to the ADC

 Free drug represents toxin present in circulation, but 
no longer covalently bound to the ADC

 Total drug indicates the total amount of toxin in a 
sample after linker digestion. It should be considered 
as the sum of conjugated and free drug.

ADC Pharmacokinetic Profiles – Analytes Monitored 

LC-MS Methods

 Drug Antibody Ratio (DAR)

Adapted from K. Lin and J.Tibbitts JR – Pharm Res Volume 29 (2012)
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Unconjugated payload
Conjugated payload
Payload-related metabolites

LC-MS-based approaches for characterization and quantification of 
Antibody-Drug Conjugate
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LC-MS Methods developed to support ADC projects
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LC-MS Methods developed to support ADC projects
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LB/LC-MS Hybrid method: Antibody Conjugated drug

 Isotopically labelled linker-toxin was used as Internal standard 
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 Instrument: Sciex Triple Quad™
5500 - Waters Acquity UPLC
System

 Calibration range: 10.00-5000 
ng/mL

 Analyte: Antibody Conjugated
Toxin (Proprietary)

 Matrices: Mouse, Rat, Monkey, 
Human Plasma and Tumour 
Lysates 

MRM transitions:
 Analyte Toxin-001
803.6->771.6 m/z (CE 37 eV)
 Internal Standard
809.6->777.6 m/z (CE 42 eV)

 Chromatographic column: ACQUITY
UPLC CSH® C18 2.1 x 100mm, 1.7
µm

 Mobile Phase A: Water acidified with
0.1% Formic Acid

 Mobile Phase B: Acetonitrile acidified 
with 0.1% Formic Acid

 Flow: 0.35 ml/min
 Gradient: from 95 to 5% of A in 3

min and hold 95% till 5 min

Sample preparation: 
 Immunocapture on Protein A plate
 Immobilized ADC digested with NaOH

1M
 Eluates subjected to a Protein 

Precipitation Step with acetonitrile 

Antibody Conjugated drug outline

Overview LC

Mass 
Spec Sample

Prep
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Antibody Conjugated drug – Qualification Results
Qualification Summary
LLOQ 10.00 ng/mL
ULOQ 5000 ng/mL
Sample matrix Li –heparinized mouse plasma
Linearity Accuracy % of ≥75% of the calibration standard samples within

± 25% for LLOQ level and ± 20% for the other calibration
standard points level

Intra-run accuracy and precision Mean accuracy% (BIAS%) ranged from 0.3 to 13.0
Precision% (CV%) ranged from 6.6 to 9.0

Inter-run accuracy and precision Overall accuracy% (BIAS%) ranged from -0.3 to 12.8
Overall precision% (CV%) ranged from 6.7 to 15.3

Selectivity:
 matrix selectivity
 selectivity vs analyte (AN)
 selectivity vs internal standard 
 matrix selectivity (LLOQ)

0.6% IS interference and 3.8% AN interference
2.8% IS interference
4.8% AN interference
BIAS% ranged from -8.1 to 12.3 and the precision% was 9.0
(100% of LLOQ replicates passed)

AN carryover ≤ 25.0% of LLOQ peak area
Extended range after dilution 20000 ng/mL
Autosampler stability at 5°C 72 hours
Bench-Top Stability 18 hours
Freeze & Thaw Stability 3 cycles
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LC-MS Methods developed to support ADC projects

Antibody Conjugated Toxin
P

P P
P

Free Toxin
P

P P

P

13

Total Antibody

P P
P

Combined affinity capture LC-MS/MS method, for total antibody and conjugated payload quantitation from in-vivo and in-vitro ADC samples.; 15th EBF Open Symposium, 16-18 Nov-2022 13



14

Θ Single, 5 µL plasma aliquot - Microsampling
Θ TmAb and conjugated both require a capture/purification step
Θ Reduce the BIAS
Θ Obtain the whole information in a single analysis

Why develop a combined method?
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Total Antibody -Conjugated Drug combined method
From purification to detection

Magnetic Beads 
Purification

5 µL sample

Total ANTIBODY
(trypsin digestion)

Conjugated 
PAYLOAD

(linker enzymatic 
digestion)
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Θ Magnetic bead washing

Θ Magnetic bead coating

Θ Sample and IS Silumab capture

Θ Glycine elution from magnetic beads

Θ Sample splitting

Walking down both roads
Purification and Splitting
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Θ IS spike 

Θ Linker digestion using specific enzymes

Θ Protein precipitation

Θ LC-MS analysis

LC-MS Detection
Conjugated Payload
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Θ Reduction and Denaturation

Θ Alkylation

Θ Trypsin digestion

Θ LC-MS analysis

LC-MS Detection
Total Ab
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 MS Instrument: Sciex Triple
Quad™ 6500 - Waters Acquity
UPLC System

 LC Instrument: Sciex Exion AD 
Series

 Matrices: Mouse

 cPAYLOAD Internal STD: labeled
payload

 PEPTIDES Internal STD: Silumab ®
labeled peptide

 Chromatographic column: ACQUITY
UPLC BEH®C18 2.1 x 100mm, 1.7 µm

 Mobile Phase A: Water acidified with
0.1% Formic Acid

 Mobile Phase B: Acetonitrile acidified 
with 0.1% Formic Acid

 Flow: 0.35 ml/min
 Gradient: from 0 to 55% of B in 5

min
LC for 

conjugated 
payload

Internal 
Standard

LC for Total 
Antibody
peptide

 Chromatographic column: 
ACQUITY UPLC BEH®C18 2.1 x 
100mm, 1.7 µm

 Mobile Phase A: Water acidified 
with 0.1% Formic Acid

 Mobile Phase B: Acetonitrile 
acidified with 0.1% Formic Acid

 Flow: 0.35 ml/min
 Gradient: from 0 to 25% of B in 

8 min

Combined conjugated Drug\Total Ab Method 
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Linear regression=1/x2
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Total Antibody calibration range: 719 -143814 ng/mL
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Purification strategy comparison
Protein A vs Magnetic beads Anti-Fc 5 uL sample

Θ Comparable results

Θ Magnetic beads 

Versatile capture

Θ Protein A spin plates 

Faster

Ready-to-use 
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Combined Total Ab-Conjugated Drug method : In vivo study 
application
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Θ 3 peptides located at different portion of ADC have been chosen 

to evaluate the Total Ab by MS 

Θ Standard calibration curve and QCs are the same employed for 

conjugated payload quantitation

Θ Affinity capture purification is carried out by a AffiniPure

Goat Anti-Human IgG,Fc-γ fragment specific (Whole IgG, 

polyclonal).
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Combined Total Ab-Conjugated Payload method : In vivo study 
results

Θ In vivo study of ADC with non-covalent bond

Θ Good agreement of three peptide in different  position of ADC structure in-vivo

Θ Structural integrity of Heavy and Light Chain
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Conclusions
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Θ LB/LC-MS hybrid Methods were developed to support ADC project

Θ Methods were validated following internal SOPs and guidance

Θ Standard LB/LC-MS hybrid methods were used to support ADC 

pipeline to determine the following analytes:

Conjugated Payload

Total Antibody

Θ A novel Total Antibody/Conjugated Payload method was developed to 

support ADC studies
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