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Process Improvements in ADCs are key to enabling 
scalable supply and meeting market demand

Monoclonal 
Antibody

Drug Linker ADC (“DS”) Lyophilized 
ADC (“DP”)

+

Common Process Changes: 

Manufacturing Site, Purification Process, Process Scale, Container Closure

• Analytical comparability assessment performed at node closest to where process change is 
implemented

• The comparability assessment criteria should be defined based on patient impact and aligned with 
the acceptable profile for forward processing to downstream node
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Figure courtesy: Journal of Pharmaceutical Sciences 113 (2024) 1415−1425
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Comparability is used to demonstrate consistent product 
quality after product lifecycle changes

A determination that a product is “Comparable” indicates that products are highly similar before and after a process 
change and that no adverse impact on the quality, safety or efficacy of the drug product occurred (ICH Q5E).  



4
Confidential – Internal Use Only4

Final Process 
for pivotal 
study

Process Change Risk Assessment drives the Analytical 
Comparability Testing Plan

Process Change Risk 
Assessment to Critical 

Quality Attributes

Release Extended Characterization 
(structural & functional)

Side-by-side stressed 
stability

Comparability Testing Plan defined to assess impacts 
of a process change to drug safety and efficacy

Product Knowledge:
• CQA Impacts

• Clinical Product Quality Ranges
• Degradation Behavior

Process Understanding:
• Process parameters / CQA Linkage

• Post-Change differences in process, 
and facility.
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Process Change Risk Assessment for modifications to 
Conjugation Process

Process Step
Affected 
Process 

Parameters

Justification for 
CQA Impact

Potentially Impacted CQAs

DAR/Drug-
load 

Distribution

Off-target 
Conjugation Free Drug Aggregation Cell 

Cytotoxicity

Conjugation

Increased 
molar Ratio of 
DL to mAb

May cause higher 
DAR species

X X X X

Increased 
reaction time

Risk of over-
conjugation, 
Aggregation

X X X X

Higher temp
May cause 
aggregation or 
payload loss

X X X X

Process Change: Modification of molar ratio of drug-linker to antibody and reaction condition to 
improve control of drug to antibody ratio (DAR) and drug load distribution
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Evaluating Similarity of Attributes tested at Release

CQAs Clinical Relevance Assessment Criteria Criteria Setting Rationale tied to patient 
impact

Aggregate 
(SEC-HPLC)

Safety Risk
Similarity of Purity Profile
≤ SPEC or Historical + 3SD, 
whichever is tighter

Attribute has tight specification, and more 
stringent historical trend is known

Cell Cytotoxicity Efficacy Historical mean ± 3SD 
Attribute shows low varability and has 
sufficient historical data

Free Drug Off-target toxicity ≤ Clinical Max
Attribute has direct clinical relevance, 
especially related to toxicity, fixed upper 
limit ensures patient safety

DAR (average) Safety and Efficacy Clinical Min-Max Attribute is critical for safety and efficacy



7
Confidential – Internal Use Only

Visual Assessment of profiles to ensure similarity in 
degradation pathways
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 Visual assessment of chromatograms / 
electropherograms to evaluate no 
new peaks, and similar peak shape 
and rank orders. 

 Differences should be evaluated for 
impact to the safety and efficacy 
profile to patients.
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Plots of Historical Pre-Change Data with Post-Change 
data are critical for evaluation of similarity
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Post-Change DS
Pre-Change DS Site 2
Pre-Change DS Site 1

Comparability Assessment Criteria
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Additional extended characterization of Drug Load 
Distribution not tested at release is warranted

CQAs Method Clinical Relevance Assessment Criteria Criteria Setting Rationale tied to 
patient impact

Drug Load 
Distribution

Native MS, HIC, 
etc.

Impact efficacy, safety or PK
Similar Drug Load 
Distribution

Ensures consistent drug delivery, 
potency, and PK behavior to 
maintain therapeutic effect

Off-Target 
Conjugation 

rPeptide Mapping
Unintended toxicity or altered 
clearance

< clinical max experience
Prevents unintended toxicity due to 
mis-conjugation

Conjugation 
Process 
Impurities

HPLC-UV, GC etc.
Toxicity from residual solvents 
or drug load impurities

< safety limit based on tox 
studies

Prevents unintended toxicity due to 
residuals

Native Mass Spectrometry for 
Antibody Drug Conjugates 

provides a visual of the drug 
load distribution on the intact 

antibody

Routine LC-MS Analysis of Intact Antibodies” (Waters Application Note)



10
Confidential – Internal Use Only

Thermal stress study design for the ADC should 
accelerate degradation of shelf-life limiting attributes
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Key Lessons:

 A pre-assessment of degradation rates at different 
temperatures / timepoints to ensure meaningful 

and representative of potential degradation 
pathways

 All stability indication attributes should be 
evaluated.

 Stress and test pre- and post-change lots side by 
side

 Pre-change batches should have minimal 
degradation to reduce age dependency 

degradation rate differences

 Obtain at least 4 data points across the 
degradation trend is important for a good linear 

regression fit
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Thermal stress study of the ADC critical to evaluate 
degradation behavior of pre- and post-change batches

♦ 3 Pre-change vs. 3 Post-change Batches
♦ Thermal Stress, 5 Time points
♦ Linear regression of degradation slope

Most Sensitive Attribute 

 All stability indicating attributes are compared

 Visual assessment of purity profiles to ensure no 
new degradation pathways are formed

 Requirement of statistical similarity for attributes 
that are most sensitive to thermal stress and set 
product shelf-life
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Take away messages

 ADC comparability assessment should be focused at the node where the process changes is 
implemented – with a focus on CQA impact and assurance of product quality of 
downstream node upon forward processing

 A risk-based comparability assessment starts with a comprehensive risk assessment to 
identify CQAs potentially impacted by process changes. 

 An integrated testing strategy with patient-centered assessment criteria are applied to 
compare pre- and post- change products with focus on CQAs related to clinical 
performance, structure-function integrity, and degradation behavior.
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