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300 bn in 2025Caplacizumab (Cablivi): anti-vWF for acquired aTTP
Romosozumab (Evenity): anti-Sclerostin for osteoporosis

Avelumab
(Bavencio):
anti-PD-L1 for MCC
Durvalumab
(Imfinzi):
anti-PD-L1 for
bladder cancer
Brodalumab
(Siliq, Lumicef):
anti-IL-17R for
plaque psoriasis

Bevacizumab (Avastin): anti-VEGF for CRC; Cetuximab (Erbitux): anti-EGFR for CRC

Adalimumab (Humira): anti-TNFa for RA

Eculizumab (Soliris): anti-C5 for Paroxysmal nocturnal hemoglobinuria

Denosumab (Prolia): anti-RANKL for bone loss

Pertuzumab (Perjeta): anti-HER2 for BC
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Muromonab-CD3
(Orthoclone OKT3):
anit-CD3 for kidney
transplantation
rejection treatment

Abciximab (Reopro):
anti-GP IIb/IIIa for
prevention of blood clots
in angioplasty

Rituximab (Rituxan):
anti-CD20 for Non-Hodgkin lymphoma
Daclizumab (Zinbryta):
anti-CD25 for multiple sclerosis

Trastuzumab (Herceptin):
anti-HER2 for BC
Infliximab (Remicade):
anti-TNFa for
Crohn’s disease

Omalizumab (Xolair):
anti-lgE for asthma

Necitumumab (Portrazza):
anti-EGFR for NSCLC
Dinutuximab (Unituxin):
anti-GD2 for neuroblastoma

Panitumumab (Vectibix):
anti-EGFR for CRC
Ranibizumab (Lucentis):
anti-VEGF-A for Macular
degeneration

Ustekinumab (Stelara):
anti-IL-12/23 for Psoriasis

Ipilimumab (Yervoy): anti-CTLA-4 for
metastatic melanoma
Brentuximab vedotin (Adcetris):
anti-CD30 for Hodkin lymphoma, systemic ALCL

Pembrolizumab (Keytruda): anti-PD-1 for melanoma
Nivolumab (Opdivo): anti-PD-1 for melanoma & NSCLC
Ramucirumab (Cyramza): anti-VEGFR2 for GC

Atezolizumab (Tecentriq): anti-PD-L1 for bladder cancer
Reslizumab (Cinqaero, Cinqair): anti-IL-5 for asthma

Burosumab (Crysvita): anti-FGF23 for XLH
Ibalizumab (Trogarzo): anti-CD4 for HIV infection
Erenumab (Aimovig): anti-CGRPR for migraine prevention

• In 1975 first thera-
peutic monoclonal 
antibody (mAb) 
development started

• In 1986 FDA approved 
the first mAb

• In 2019, 79 thera-
peutics mAbs have 
been approved by the 
US FDA

• Developing and im-
proving bioanalytical 
methods to support 
the samples analyses 
are required

Introduction of mAbs as Therapeutics Drugs
Development of mAbs

Lu et al. Journal of Biomedical Science (2020) 27:1
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Ligand Binding Assay
• Direct ELISA
• Indirect ELISA

LC-MS/MS Assay
• Sandwich ELISA
• Competitive ELISA

mAbs (large molecules) Bioanalytical Support
Common platforms available to support sample analyses

Source: Xiaolong Zhang et al. Journal of Bioanalysis & Biomedicine (2020) 12:3

Figure 1: Schematic principles of ligand binding assays

Figure 2: Procedure of LC-MS.
(A) Affinity capture of analytes;
(B) Digestion of analytes into fragments;
(C) LC-MS measurement (from Daniel Norena-Caro).
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Ligand Binding Assay LC-MS/MS Assay

Specific antibodies (cost and time consuming) Generic methods could be adopted

Very sensitive Limited sensitivity

Low selectivity (matrix interference) High selectivity (avoid antibody cross-reactivity)

Free, partially bound and total fraction detectable Total fraction detectable
(free and bound detectable only with hybrid assays)

No purification step Complex sample preparation

High throughput Low throughput

Low cost instruments High cost instruments

LBA vs LC-MS/MS
Assays comparison
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• Details
- Human mAb
§ mAb1(anti-HIV bnAb)
§ mAb2 (optimized variant of mAb1)

- Strains 
§ humanized FcRn Tg32 mice homozygous strain
§ humanized FcRn Tg276 mice hemizygous strain
§ wild type mice (C57Bl/6JRj)

- Quantification & pharmacokinetic parameters 
§ human IgG in serum samples – LBA and LC-MS/MS
§ C0, AUC, AUCinf, %AUCextra, Clmatrix, Vss, T1/2

• Objective
- Optimize the study design to reduce animals treatment frequency (reducing mAbs production)
- Evaluate (if possible) the most appropriate assay technique to be used (LBA vs LC-MS/MS)

IV 10 mg/kg

0 1 2 6h 1 2 4 7 10 14 21 28 35 42 49 60 days

In vivo Study
Details & Objectives

2 x 2µL serum2 x 2µL serum12 µL serum25 µL blood
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Sandwich ELISA model
• Generic ELISA protocol was used for:
- antibody concentrations
- buffer composition
- incubations temperature

• No matrix effect for mAb2 in different matrices, while a slight 
shift was observed for mAb1 calibration curve in presence of 
C57Bl/6JRj serum

• Method qualification and samples analyses were performed in 
presence of C57Bl/6JRj serum

Generic LC-MS/MS method 
• Same method used for the determination of both mAb1 

and mAb2

Strategy
• Bottom-up approach
- Tryptic digestion of the whole protein 
- Determination of four SPs determined (one for the 

quantification and three for monitoring purposes)
- SILuTMMAb as labeled internal standard prior the digestion 
à Matrix effect and recovery issues minimized

- WatersTM Digestion kit reagents for sample preparation 
protocol standardization

Methods Development for human IgG in Mouse Serum
LBA vs LC-MS/MS

LC-MS/MS method

Signature peptides were located
in heavy chain constant domains
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Preliminary experiment on HRMS to identify SP candidates

LC-MS/MS Parameter

LC system Waters UPLC I-Class

Column Waters BEH C18 (100x2.1 mm, 1.7 µm) at 55°C

Mobile phases
A: Water + 0.1% formic acid
B: Acetonitrile + 0.1% formic acid
Gradient elution

Injection volume 2 µL

MS System Waters Xevo TQS

Ionization Positive

Operating mode MRM

Run time 13 min

Extraction step Condition

Aliquot 2 µL sample –

Add 10 µL internal standard –

Add 100 µL 50 mM ammonium 
bicarbonate water solution –

Add 10 µL Rapigest® surfactant Denaturation for 10 min at 80°C

Add 10 µL of DTT Reduction for 20 min at 60°C

Add 15 µL of IAA Alkylation for 30 min at RT

Add 15 µL of trypsin Digestion for 1 hour at 45°C

Add 5 µL of 20% TFA water solution Digestion quench for 15 min at 45°C

Centrifuge

Surnatant injection onto LC-MS/MS

LC-MS/MS Method Development for Humanized IgG1
Sample preparation protocol and LC-MS/MS conditions
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mAb1 & mAb2
• Calibration range à 2-1000 µg/mL
• QC levels à 6, 300 and 800 µg/mL

(4 replicates per level)
• Acceptance criteria
- Accuracy: ±20% (±25% @LLOQ)
- Precision: <20% (<25% @LLOQ)
- R: >0.99

mAb1
• Calibration range

à 1.6-2000 ng/mL
• QC levels

à 10, 100 and 250 ng/mL 
• Acceptance criteria
- Accuracy: ±20%
- Precision: <20%

mAb2
• Calibration range

à 2-1000 ng/mL
• QC levels

à 6, 300 and 800 ng/mL
• Acceptance criteria
- Accuracy: ±20%
- Precision: <20%

Method

Mouse mAb
Anti-human IgG Fc

Clone JDC-10

Goat anti-human IgG (H+L)-
HRP (F(ab’)2 fragment) - JIR

HRP

HRP
Human IgG

Dilution assessments were also 
performed on representative mouse 
serum samples from PK study before 
overall analysis.

Signature Peptide Accuracy Precision R

ALPAPIEK 97.8% to 109.9% <7.4% >0.9972

FNWYVDGVEVHNAK 98.9% to 110.3% <4.6% >0.9987

GPSVFPLAPSSK 98.7% to 104.1% <4.2% >0.9983

TTPPVLDSDGSFFLYSK 98.9% to 104.9% <5.7% >0.9980

Method qualification for mAb1 and mAb2
LBA vs LC-MS/MS
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Method qualification for mAb1 and mAb2
LC-MS/MS Chromatogram

ALPAPIEK
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LC-MS/MS method
• Samples collected in 96-well plate
- 5 plates for mAb1 samples
- 5 plates for mAb2 samples

• 2 set of Calibration Standard and QCs samples in each plate
• Comparison between ALPAPIEK peptide results and the other three 

monitored peptide according to the following equation

- ALPAPIEK concentration always matched with at least two of the 
three monitored SP à difference <20%

- 15 samples on 540 had a difference >20% for 1 of the 3 monitored 
SP à samples concentration calculated without ISTD differences 
became negligible à Results were not affected

• Sample analysis performances
- All QCs met acceptance criteria (+/- 20%)

91.3% < Accuracy < 111.8%
- Only 1 CS was excluded for chromatographic reasons

LBA method
• Serum samples tested in duplicate
- 5 plates for mAb1 samples
- 5 plates for mAb2 samples

• Calibration Standards and QCs included in each plate
- All QCs met acceptance criteria:
§ 2/3 of QC within +/- 20% 
§ 1 QC within +/-20% at each concentration level

• Sample analysis performances
- Samples with concentration out of the range have been analysed after 

dilution (additional plates were prepared)

Samples Analyses
LBA vs LC-MS/MS

𝐌𝐨𝐧𝐢𝐭𝐨𝐫𝐞𝐝 𝐒𝐏 𝐜𝐨𝐧𝐜.−𝐀𝐋𝐏𝐀𝐏𝐈𝐄𝐊 𝐜𝐨𝐧𝐜.
𝐀𝐋𝐏𝐀𝐏𝐈𝐄𝐊 𝐜𝐨𝐧𝐜.
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mAb1 mAb2

• PK results from the analysis of profiles obtained either by immunoassay or by LC-MS/MS are superimposable
• Good agreement observed between NCA and two compartments PK analyses

PK of mAb1 and mAb2
Mean PK profile
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Incomplete profiles 
due to Anti-drug 
antibodies formation? 
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Compound Mouse Strain Analysis
C0 AUClast AUCINF Cl Vss T1/2

(ug/ml) (h*ug/ml) (h*ug/ml) (ml/h/kg) (ml/kg) (h)

mAb2

Tg32
Immunoassay 259 52,200 61,700 0.162 121 532

LC-MS 299 52,800 65,100 0.154 130 613

Tg276
Immunoassay 288 27,300 28,700 0.348 136 292

LC-MS 278 34,800 36,800 0.272 119 314

WT
Immunoassay 344 41,900 44,600 0.224 112 358

LC-MS 273 39,600 43,000 0.233 122 369

mAb1

Tg32
Immunoassay 451 53,200 59,800 0.167 104 446

LC-MS 250 35,000 39,700 0.252 158 450

Tg276
Immunoassay 397 8,510 10,300 0.973 87.5 70

LC-MS 270 6,740 7,770 1.29 99.3 61.3

WT
Immunoassay 310 61,400 69,600 0.144 93.7 460

LC-MS 245 40,700 45,200 0.221 133 432

PK of mAb1 and mAb2
NCA (sparse) PK analysis
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• Will the LC-MS/MS be an alternative to the traditional assays as LBA?

• Or a combination of them constitute powerful tools to tackle the challenges posed by the 
rapidly growing needs for biotherapeutics development?

• Hybrid LBA–LC–MS/MS introduce new prospects to accelerate the drug discovery and 
development?

Reflection
Evaluation in progress
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• Results obtained from 2 techniques are 
superimposable

• One generic LC-MS/MS method was able to quantify 
2 different mAbs

• MS technique is an excellent alternative to perform 
the mAb sample analysis

• The Hybrid LBA – LC–MS/MS is real prospect to 
accelerate the Bioanalytical support to drug discovery 
and development of mAb

Conclusions



PAGE 19

• Alberto Vezzelli

• Massimiliano Mameli

• Dino Montanari

• Raffaele Longhi

• Anne Larvor

• Flore Grandin

Acknowledgments
Thank You



Alessandro Greco
VP, Head of ADMET and Bioanalytical Sciences

+39.(0).45.821 8698 (Direct)
+ 39 348 9124116 (Mobile)
alessandro.greco@evotec.com

Your contact:

Thank you for your attention


