
30 mg/kg Day 8 
72 hr

30 mg/kg Day 15 
72 hr

30 mg/kg Day 1 
72 hr

1 mg/kg
72 hr

30 mg/kg Day 22 
504 hr

100% mAb

50% mAb
50% bi-spec mAb

100% bi-spec mAb

m/z

1 mg/kg
72 hr

m/z

Monitoring for Cleavage of 
Linker (Heavy Chain)
• mAb material provided
• Spiked into serum and detected by 

immunocapture LC-MS

• Clearly observed 
linker cleavage in 
some (but not all)   
72 hr & later post-
dose

• Not observed in 1 or 
10 mg/kg, nor in 
early dose 30 mg/kg

• A few examples from 
30 mg/kg are shown 
on next slide



30 mg/kg Day 22 
Predose (168 hr post day 15 dose)

30 mg/kg Day 22 
Predose (168 hr post day 15 dose)

30 mg/kg Day 22 
72 hr

Cleavage of amino acid 
linker readily observed 

when >20 % raw 
instrument response 

relative to intact heavy 
chain 

m/z

Monitoring for Cleavage of 
Linker (Heavy Chain)

30 mg/kg Day 22 672 hr

30 mg/kg Day 22 504 hr

30 mg/kg Day 22 336 hr

30 mg/kg Day 22 1344 hr

Clipped mAb HC
mAbdAb HC

m/z

• Observe constant 
increase in clipped 
product compared to 
original

• Eventually the most 
abundant from of 
heavy chain is clipped 
form

• Captured 
Biotransformation 
event!



30 mg/kg Day 22 
672 hr

100%  mAb

50% mAb
50% Bi-spec mAb 

100% Bi-spec mAb 

30 mg/kg Day 22 
5 min

Monitoring for Cleavage of 
Linker (Intact Mass)

• While mAb vs. Bi-spec mAb can be 
readily distinguished, monitoring 
cleavage by intact mass is less 
straightforward

• Cleavage events on intact Ab mean a 
mass loss of 14 kDa (one Ab Hc) OR 28 
kDa (both Ab Hc)

• The Intact mass assay is most useful for 
confirming the presence or absence of 
intact mass (+/- 30 Da)

m/z

m/z

> >
Most prevalent 

clipped form

Most abundant Ab form



Time post-dose (hours)
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dClipped species (mAb) has 1.6 fold higher instrument 

response than unclipped species (mAbdAb) for single 
and mixed species below 7000 ng/mL in assay:

“Clipped (corrected response)”

Final single heavy chain calculations are determined by 

Unclipped (raw response) + Clipped (corrected response) = Total response

Clipped (corrected response) / Total response = % clipped 
(single heavy chain)

Clipped species calculations: Single Heavy Chain

Intact LC-MS methods (150-170 kDa) are not 
optimized to adequately quantify clipped species

Possible to analyzed for clipped species in more 
controlled manner (e.g. mAb and mAbdAb reference 

standards utilized more thoroughly)



𝑥𝑥 = 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑜𝑜𝑜𝑜 𝑎𝑎𝑎𝑎𝑎𝑎 ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

𝑥𝑥2 = 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚

(1 − 𝑥𝑥)2= 𝑧𝑧𝑧𝑧𝑧𝑧𝑧𝑧 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚

1- [𝑥𝑥2 + (1 − 𝑥𝑥)2] = 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚

vs.

clipped fraction of all heavy chains (𝑥𝑥)

𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

𝑧𝑧𝑧𝑧𝑧𝑧𝑧𝑧 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
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Mathematical Calculation for Ordered Pairs – Broad implications for 
comparisons of any reduced/peptide LC-MS method as it relates to LBAs



Heavy Chain / Light Chain Assay Performance

Heavy Chain

Light Chain

Standards Quality Control Samples

• Run Passed Criteria: 75% of all Standards and 66% of all QCs (50% at a given level) within ±25% (30% at LLOQ)
• Light Chain is the best performing analyte



Intact and Reduced Assay: Sample Results (1 mg/kg)
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(3 subjects)



Conclusions

●Intact and subunit mass LC-MS assays can provide complimentary data to LBA for in-life
study sample analysis, particularly if immunocapture is not dependent on antigen binding
function

●Good agreement between LBA and LC-MS data

●Ability to monitor for in vivo oxidation at subunit level

●Provided qualitative evidence single amino acid amino acid clipping was not present in
C-terminus of the heavy chain subunit

●Observed partial subunit clipping of the heavy chain
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