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Bioanalytical & Regulatory Landscape

Technology
 Biotherapeutics are becoming increasingly popular

* Molecular constructs are getting more complex- Case Study
« Analytical instruments and techniques continue to advance
* New scientific questions must be answered

Regulatory
* Regulatory guidelines are limited in scope, currently none address

Hybrid LC-MS/MS method validations
 Traditional emphasis (i.e., SM by LC-MS or LM by LBA) may not be
suited to new modalities and changing BA technologies
« Studies are global and submitted to different regulatory authorities
« Multiple BMV guidelines from different regions/countries



White Paper recommendations for Hybrid
assays

* Numerous White Papers published over the past decade
« Each recommends P&A criteria mimicking LBA (20%, 25% LLOQ)
- Based on the 2020 White Paper in Bioanalysis™ it is essential for the ICH

M10 Draft Guideline to contain at least the following minimum
requirements for hybrid assays that are currently not addressed:

* Precision and accuracy- 20/25% criteria, Minimum 3 P&A runs

«  Selectivity/Specificity-6-10 lots of blank control matrices as well as the impact of hemolysis and
lipemia

* Interference evaluation from potential binding molecules, soluble targets, ADA
or concomitant drugs

* Dilution linearity/parallelism recommendations

« Critical reagent recommendations

 Digestion efficiency/ recovery- Case Study
*Neubert,Alley, Lee et al. Bioanalysis (2021) 13 (4)



Case Study- Complex Biotherapeutic,
Scientific Challenges



ADC with Bioanalytical Structural Challenges
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What to do???



Multifaceted bioanalytical method development
strategy needed

Assay 1: Total and Intact IgG (Most Challenging
Bioanalytically!)

- Enrich using Protein G

- Intact IgG, surrogate peptide from Light Chain

- Total IgG, surrogate peptide from Heavy Chain

Assay 2: Total and Active ADC

- Enrich using anti-toxin antibody
- Active ADC, surrogate peptide from Light Chain
- Total ADC, surrogate peptide from Heavy Chain

Assay 3: Total Conjugated ADC

- Enrich using Protein A
- Total Conjugated ADC, surrogate analyte is released toxin

Assay 4: Free Toxin
- Enrich using Protein precipitation



Total and Intact IgG and Catabolites Iin
Human Plasma

Catabolites being quantitated
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Total and Intact Catabolite

Enrichment strategy

Protein G Magnetic Beads Catabolites Not Captured

‘ = Light Chain
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Total and Intact Catabolite

Detection strategy
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Total and Intact IgG Workflow

Human Plasma Aliquot
Protein G Beads (Affinity capture)

40% Acetonitrile (Light Chain Elution)

Plate 1, Light Chain

Quench, filter. Quench, filter.

Ready for injection Ready for injection

Heavy Chain Peptide- Total IgG
Separate injections and chromatographic conditions



Total and Intact IgG

Quantitative Inter-assay Inter-assay

Range (ng/mL) Precision Accuracy

Capturing

Reagent Analyte/IS Monitored

Total

50.0 - 5000 <12.1% <11.9%
IgG

50.0 - 5000 <=13.0% <8.49%

. Heavy Chain Peptide
Protein G SIL-Peptide

Light Chain Peptide

Protein G SIL-Peptide

Acceptance criteria applied: 25% for the LLOQ, 20% for all other levels.



SM & LM Recovery
Overview



SM vs LM workflow overview

' 1 ©\A Add IS PPT, qu/qu, SPE VE m

Matrix Aliquot End With

Internal standard added at beginning of extraction, compensates for recovery variations
and matrix effects.

Affinity  Denature/Reduce/Al o)
Capture kylate/Digest Add SIL-peptide IS o B

Matrix Aliquot End With

Internal standard added after enrichment/digestion, does not compensate for capture or
digestion efficiency.
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Small Molecule Recovery Example

Biomatrix Sample + I.S.

Recovery = (A/B) *100%

A

Recovery must be consistent, however 1.S. can
compensate for variations.
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Large Molecule Recovery or Recoveries Applied to Hybrid Assays

NS SRl |. Affinity Capture Recovery =
< Pre-spike protein (A) > (A/B) *100%
< (»:fcf:l)nll;y capture1 2. Reduction/Alkylation Recovery=
ecovery

%k o/ (; .
4_@“ spike prote® (C/D) *100% (if applicable)
_ 3. Digestion Recovery =

[ Denature, Reduce, Alkylate ] (B/E) *100%
Recovery 2
4. Post-Digestion recovery = (E/F)
<4
o ostRedcedalyledpepide D)
Digestion
Recovery 3 5.Total Recovery =
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[ SPE Cleanup }
Recovery 4 . .
Recovery must be consistent as SIL-peptide
ﬂ' [_Post-peptide-(F) IS does not compensate for
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Case Study- Affinity capture &
Digestion efficiency, Scientific /
Regulatory Challenges



Bioanalytical Method Summary: mAb based Therapeutic
(MW ~150 kDa)
* Total and Intact Antibody Concentrations
— Surrogate Peptides
* Human Plasma
* Range 0.100 - 50.0 pg/mL

* Protein A affinity capture followed by denaturation,
reduction, alkylation and trypsin digestion

e SIL-Peptide IS



Affinity Capture Recovery- a closer look

Blank Matrix at Low, Mid, and High-
Level

< Affinity capture (AC) >

¢—Qe-8piked ProD

Affinity Capture Rec. = (Pre-spiked / Post-Spiked) *100%
Design similar to small molecule recovery



Affinity Capture Recovery for Therapeutic mAb

Two unique peptides used for quantification of “Total Ab” and “Intact Ab”

Consistent affinity capture %



Digestion Efficiency- a closer look

Blank Matrix

<

< Affinity capture (AC) >

[ Digestion

- Post-Digestion
Peptlde

#

Digestion Eff. = (Post-AC Protein / Post-Digestion Peptide) *100%
Design significantly different and far more complex than small molecule recovery



Considerations for Digestion Efficiency
Experimental Design - Getting Started

* Need to have unlabeled tryptic peptide(s) synthesized and appropriately
characterized (Purity and Peptide content)

* Protein concentration has to be converted to “Peptide concentration”
 Need MW of intact Protein and tryptic peptide

* Need to account for # of copies of peptide present in Therapeutic
 |f additional peptides, each would have different concentration due to different MW
« Example for mAb Therapeutic

« mAb MW = 150 kDA; Peptide 1 MW = 3925 Da, Peptide 2 MW = 1812 Da):

* 0.300 pg/mL mAb = 0.0157 pg/mL Tryptic Peptide 1

* 0.300 pg/mL mAb = 0.00725 pg/mL Tryptic Peptide 2



Digestion Efficiency for Therapeutic mAb

Two unique peptides used for quantification of “Total Ab” and “Intact Ab”

% Digestion Efficiency 98.2% 93.8% 98.2%
Average Digestion 96.8%
Efficiency =
%C.V. 2.62%

% Digestion Efficiency 448% 496% 516%

Average Digestion o

Efficiency 487%
%C.V. 7.24%

Consistent digestion efficiency???



Considerations for Digestion Efficiency
Experimental Design

» Digestion efficiency can be plagued with experimental design challenges

» Diluent must have little or no additional protein (Worked hard to remove protein- AC)
* Organic composition of diluent must be low to minimize impact on chromatography
« Above is further confounded for multiple peptides (different hydrophobicities)

* Recipe for non-specific binding losses and underestimated spiked peptide concentrations

« Both affinity capture & digestion recovery experiments require them to be
performed “outside” the intended methodology

» Post-AC spike protein (affinity capture)
» Post digestion spiked synthetic peptides
+ “Recovery” evaluated in a single lot of Matrix
» Apparent recovery could be different across lots
 Particularly important for AC methods using SIL-peptide IS

Difficult to interpret results (?7?)



Is there a better way to
evaluate “recovery” to ensure
consistency?



Intact Ab Fortified Specificity LLOQ (0.100 pg/mL)
Six individual Normal Healthy Human Plasma Lots

Control
Pooled

0.0903 0.105 0.0952 0.0964 0.112 0.105 0.0942
0.101 0.116 0.104 0.0991 0.0999 0.120 0.102
0.0988 0.0991 0.104 0.0979 0.105 0.112 0.0967

Mean 0.0968  0.106 0.101 0.0978 0.106 0.113 0.0976

%C.V. 6.00 7.84 4.87 1.40 5.92 6.56 4.06
%Diff.  -3.18 6.45 0.827 -2.21 5.74 12.5 -2.37

All six individual lots meet a priori criteria (£25%). Intra- and inter-assay
precision and accuracy also provides justification for consistent ‘recovery’



BMV: Hybrid assays general consensus

+ Hybrid LBA/LC-MS technology not addressed in
any of the current BMV guidelines

+ Industry groups have considered and proposed
recommended BMV practices

+ Consensus to combine SM and LM elements, hopefully
will be addressed in the ICH M10 Guideline

+ However, molecules and technology are still evolving



Final Thoughts: BMV of Hybrid LC-MS/MS Assays

Apply good science and justify when appropriate. Document a

priori criteria as well as validation experiments not addressed or

that are not adequately addressed in BMV Guidance/Guidelines
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