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INTRODUCTION

Profiling in vitro PCCs of non-cleavable ADCs is vital for preclinical evaluation. However, the 
analytical approaches used today are insufficient to provide reliable PCC profiling results. 
WuXi AppTec explores a new LC-HRMS method.

Profiling in vitro payload-containing catabolites (PCCs) 

of non-cleavable antibody drug conjugates (ADCs) is 

important for optimizing payload design and preclinical 

evaluation. However, today’s analytical approaches are 

insufficient, often failing to provide reliable PCC profiling 

results efficiently.

WuXi AppTec’s recent work in this area introduces a new 

liquid chromatography-high resolution mass spectrometry 

(LC-HRMS) method to quickly and comprehensively detect 

and characterize PCCs released from a non-cleavable ADC 

in liver lysosomes and S9 incubations.

The complete study and methodology was published 

online in January 2023 in Drug Metabolism and Disposition.

https://dmd.aspetjournals.org/content/dmd/early/2023/01/27/dmd.122.001135.full.pdf
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Background on ADCs
ADCs are a relatively new biotherapeutic modality 

consisting of a monoclonal antibody, a linker, and a 

payload (or toxin).1,2 The monoclonal antibody targets 

the antigen expressed on cancer cells and delivers the 

toxic payload into the cells. ADCs offer high specificity, 

making them a fast-growing and essential therapeutic 

option for various diseases.

ADC linkers include cleavable and non-cleavable types, 

depending on how they are cleaved when releasing the 

payload or payload containing catabolites (PCCs).3,4

•	 Cleavable ADCs release the payloads or a payload 

derivative in a predicted manner under a specific 

intracellular environment, such as low pH, protease, 

high GSH concentration etc.5,6,7

•	 Non-cleavable ADCs usually do not undergo specific 

cleavages of linkers to release the payload. Instead, 

they generate one or a few major unknown payload-

containing catabolite(s) via protein hydrolysis of the 

antibody moiety.8

Payload release consisting of major PCCs in targeted 

cancer cells plays a dominant role in the therapeutic 

effect of the ADC.9 In fact, the toxicity of an ADC is 

directly associated with the off-target release or 

accumulation of the payload or PCCs in untargeted 

normal cells or tissues.

In early discovery, it is necessary to identify the major 

pharmacologically active PCCs of a non-cleavable ADC 

in vitro. This information is required to develop a 

bioanalytical method for evaluating the exposure of 

toxic PCC in animals and humans10 and to study its 

metabolism and in vitro DDI potential as part of the 

ADC’s preclinical evaluation.11,12,13,14

However, detecting and characterizing PCCs’ structure 

of non-cleavable ADCs and their metabolites in vitro 

and in vivo still pose significant analytical challenges.

PCC Challenges

Various bioanalytical methods have been developed to 

characterize and quantify ADCs, including15,16 immuno-

capture to enrich ADCs followed by LC-MS analysis, 

ligand binding assays to analyze total antibody or drug 

conjugated species, and intact protein characterization 

by LC-HRMS.

However, very few documented instances exist of applying 

analytical technologies to profile and identify ADCs 

in vitro or in vivo. Usually, concentrations of PCCs of an 

ADC are much lower than the number of metabolites 

in small molecule drugs. Further complicating the 

analysis, ADCs have unpredictable molecular weights, 

mass defect values and fragmentation of payload-

containing catabolites released from a non-cleavable 

ADC.17,18 Commonly used LC-HRMS data processing 

tools for metabolite profiling of small molecule drugs, 

such as mass defect filter and targeted extracted ion 

chromatographic analysis, are also ineffective in 

finding PCCs.

Historically, the most effective way to profile and 

characterize PCCs of ADCs would have been to use 

an ADC with a radiolabeled payload or linker.19,20,21 

However, preparing such a radiolabeled ADC is 

time-consuming, costly, and not well-suited for drug 

discovery. Additionally, LC-radio detection may not 

have sufficient sensitivity to detect low levels of 

radiolabeled PCCs.
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The WuXi AppTec Solution

To overcome these challenges, WuXi AppTec conducted 

a study to develop and apply a generic and effective 

LC-HRMS method for comprehensive detection and 

characterization of in vitro PCCs of a non-cleavable ADC 

using both untargeted background subtraction processing 

(PATBS) and targeted product ion filtering (PIF).

PATBS effectively detect drug metabolites or xenobiotic 

components in test samples that are absent or have 

much lower concentrations in a control sample.22,23 

While targeted PIF was employed to process LC-MS/MS 

datasets to find payload-containing components that 

generated one or a few known or predictable product 

ions under CID.

In addition, EIC was used to confirm detected PCCs 

by PATBS and PIF and to search for any predictable 

catabolites of a testing ADC and their metabolites 

formed in incubations. After data mingling was used 

to detect payload-containing components in an incubation 

sample, their MS/MS spectral data were retrieved from 

the acquired LC-MS/MS dataset. Structures of the 

detected PCCs were characterized based on their 

spectral interpretation. If MS/MS spectrum of a PCC 

was not triggered in the acquisition, additional LC-

HRMS analyses of the same sample using targeted 

product ion scanning were carried out to acquire its 

product ion spectrum.

The effectiveness of the LC-HRMS-based method 

was first evaluated by analyzing PCCs generated in 

incubation of a well-known non-cleavable ADC (TDM1) 

in human liver lysosomes. The technique was further 

applied to profiling PCCs formed in incubations of

ADC-1, a non-cleavable ADC, with human liver S9 and a 

cancer cell line.

A key element in effectively using PATBS to find PCCs 

of a test ADC is suitable control sample(s). In the WuXi 

AppTec study, the same antibody of a testing ADC 

(without the payload and linker) was used as a control 

sample of the background subtraction processing. 

Consequently, peptides without payload from protein 

hydrolysis of the ADC were effectively removed by 

background subtraction. Applying a sequential 

background subtraction using an ADC-1 pre-incubation 

sample (0 h) further removed interference components 

from the ADC dosing solution, generating a very clear 

and complete profile of the PCCs of ADC-1.
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Impact on the Industry

The WuXi AppTec study demonstrated the advantages 

of using a new LC-HRMS method combined with 

targeted PIF. Untargeted background subtraction 

processing of an LC-MS dataset and using the 

corresponding antibody as a control sample enabled 

selectively detecting payload-containing components 

of a non-cleavable ADC regardless of their molecular 

weights, charge states, fragmentations, and mass 

defect values. As a complementary tool, PIF detected 

specific PCCs with superior sensitivity. The combination 

of the in vitro metabolism systems and the LC-HRMS 

method can provide fast, sensitive, and selective 

profiling of in vitro PCCs of non-cleavable ADCs in 

support of drug dzzziscovery programs.

Moreover, using common product ion(s) from payload-

containing derivatives to perform product ion filtering 

of LC-MS/MS data allows researchers to detect PCCs 

with better analytical sensitivity if their product ion 

spectra are automatically acquired.

Results from detection and structural characterization 

of payload-containing components generated from 

ADC catabolism in liver lysosomes and S9 fraction can 

provide valuable information for optimizing payload 

design, verifying toxicological species for ADC safety 

testing, and selecting the major payload-containing 

component(s) for evaluation of in vitro DDI potential 

and exposure in animals and humans. However, the 

effectiveness of this LC-HRMS method for profiling 

in vivo payload-containing catabolites of ADCs remains 

to be tested.

labtesting.wuxiapptec.com/contact-us/

Talk To Our Experts Today
To understand how this data can impact one of your studies, talk with a 
WuXi AppTec expert

https://labtesting.wuxiapptec.com/contact-us/
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