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What do we mean?

ADC
“Antibody”-drug conjugate



A simple concept?

➞
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The 5Rs of ADCs:

The
right target,
right linker,
right warhead,
right antibody and
right conjugation site
to enhance the intratumor delivery 
of ADCs while minimizing serious 
adverse effects. 

- Rakesh Dixit (Medimmune)



ADC therapeutic challenges
+ Dosing with a narrow therapeutic index (near MTD)

+ Staying in circulation long enough (but not too long?) 
without degrading

+ Minimizing ‘on-target’ and off-target toxicity (i.e., 
against normal healthy cells)

+ Reaching the intended tumor cells

+ Efficient binding to the target receptor/antigen

+ Efficient internalization and lysosomal trafficking

+ Minimizing FcRn mediated recycling

+ Efficient payload release via cleavage/digestion

+ Adequate payload potency to induce cell death



Expanding the Reach of Antibody−Drug Conjugates
Ravi V. J. Chari*

ImmunoGen, Inc., 830 Winter Street, Waltham, Massachusetts 02451, United States

ABSTRACT: Antibody−drug conjugates (ADCs) represent an emerging new paradigm in cancer therapy. The approval of two
ADCs has spurred considerable interest in this area of research, and over 55 ADCs are currently in clinical testing. In order to
improve the clinical success rate of ADC therapy, all three components of the ADC: the antibody, linker, and payload have to be
optimized. While considerable improvements have been made in antibody properties and target selection, medicinal chemistry
efforts have lagged behind, and there is a significant need for innovation in linker design and payloads.

■ BACKGROUND
The concept of antibody−drug conjugates (ADCs) evolved
over 30 years ago from oncologists’ desire to improve the
therapeutic index of anticancer drugs. Monoclonal antibodies
that bind preferentially to tumor-associated antigens served as
the means to selectively deliver a cytotoxic agent to the tumor.
Thus, the ADC approach was envisioned as a means to lower
the systemic toxicity of chemotherapy and achieve a higher
dose in patients, resulting in greater efficacy. Early ADCs
(1985−1995) sought to improve the tumor selectivity of
clinically used anticancer drugs, such as doxorubicin and
vinblastine.1 Lack of clinical success dampened enthusiasm in
this approach and pharmaceutical companies exited the field.
Analysis of the possible causes for the lack of success pointed to
several factors, notable among them were the instability of the
linkers that connected the antibody to the payload, and the
modest potency of the cytotoxic agents. It has been estimated
that ∼2 × 108 molecules of doxorubicin are required
intracellularly to kill a cell, a number not achievable through
antibody-mediated delivery due to moderate antigen expression
(typically 1 × 105 to 1 × 106 antigens/cell) on the surface of
tumor cells.

■ ADCS IN DEVELOPMENT
The next set of ADCs to enter the clinic incorporated purpose-
developed cytotoxic agents that were ∼1000-fold more potent
in vitro than doxorubicin and vinblastine. The first proof of
concept with ADCs based upon a more potent payload was
achieved with FDA approval in 2000 of gemtuzumab
ozogamicin, for the treatment of acute myeloid leukemia.
This ADC incorporated calicheamicin, a potent enediyne
compound that causes double strand breaks in DNA. At the
same time, compelling preclinical data with ADCs using potent
tubulin polymerization inhibitors maytansinoids and auristatins
were being reported.2 Despite the new data, most companies
were still not ready to adopt the newer ADC technologies: in
2006, only three new ADCs commenced clinical trials (Figure
1). In 2010, the first ADC to be approved, gemtuzumab
ozogamicin, was withdrawn from the market due to safety
concerns. In the meantime, promising clinical data on the
maytansinoid-based ADC, ado-trastuzumab emtansine (Kadcy-
la, T-DM1) targeting HER2, and the auristatin-based ADC,
brentuximab vedotin (Adcetris) targeting CD30, were reported

at scientific meetings and published in 2010.3,4 Currently, these
are the only two ADCs to receive marketing authorization from
the FDA. These two clinical success stories have revitalized the
ADC field. New ADCs entering in the clinic saw a spike in
2011 (Figure 1).5 As of 2016, >55 ADCs, sponsored by 24
different major pharmaceutical or biotechnology companies, are
in clinical testing. The overall success rate of the ADC approach
for cancer treatment is still quite low, and at least 27 ADCs
have been discontinued from clinical development. Thus, to
become a mainstream option for cancer treatment, there is a
need to improve the safety of ADCs and efficacy in more cancer
types by optimizing each component: the antibody, the linker,
and the cytotoxic compound.

■ THE BIOLOGISTS’ CONTRIBUTION
There is considerable diversity in the antibodies and cell-surface
antigens that are being targeted by ADCs currently in clinical
evaluation. The diversity includes a broad range of tumor types
(solid tumors and hematological malignancies), varying nature
of the antigenic epitope (peptide, carbohydrate, glycoprotein,
etc.), and antibodies with or without inherent functional
activity. While HER2 is a popular target, with four different
ADCs in Phase 1 clinical trials, there are antibodies to >40
distinct antigen targets in clinical evaluation as ADCs. Early
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Figure 1. Number of new ADCs entering clinical testing each year.
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ADCs in clinical development
“As of 2016, >55 ADCs, sponsored by 24 different companies, are in clinical testing. 
The overall success rate of the ADC approach for cancer treatment is still quite low, 
and at least 27 ADCs have been discontinued from clinical development.”

Chari RVJ. ACS Med. Chem. Lett. (2016) in press



ADCs landscape



‘Classic’ ADCs

Kaur S, Xu K, Saad OM et al. Bioanalysis, (2013) 5(2), 201–226

Figure 1. Antibody–drug conjugate conjugation sites and drug-to-antibody ratio heterogeneity. (A) 
Conjugation through lysines, (B) conjugation through reduced interchain disulfide bonds, and (C) conjugation 
through engineered cysteines



Evolving ADC constructs

IgG-based carriers
+Conventional bivalent immunoglobulins
+New conjugation schemes – site-specific emphasis
+bsADCs
+‘Prodrug’ ADCs

e.g., CytomX Therapeutics Probody™ ‘empowered’ 
drug conjugates (PDCs)

+Others



Glycoengineered homogeneous site-specific ADCs

P. Thompson et al, Straightforward Glycoengineering Approach to Site-Specific 
Antibody−Pyrrolobenzodiazepine Conjugates, ACS Med. Chem. Letters 2016; in press.



Rebridged stable site-specific disulfide conjugates

disulfides unbridged, potentially introducing instability to the
antibody.
One alternative to overcome a wide DAR distribution is to

use mAbs with engineered cysteine residues. Antibodies known
as THIOMABs have been described with an engineered and
unpaired cysteine residue on each heavy or light chain designed
for conjugation of a cytotoxic payload.9−11 Each of the cysteine
residues provides a site for conjugation of a thiol-reactive drug
reagent. When conjugated to MMAE10 or DM111 using a
maleimide reagent, an ADC with a DAR close to 2 is produced.
While this approach can be used to produce more
homogeneous products it does not address issues associated
with the instability of maleimide conjugates in vivo. Engineered
cysteine thiols can also be capped during production such as by
a disulfide forming reaction with glutathione.10 Liberating a
capped thiol to make accessible for conjugation without
reducing interchain disulfides is nontrivial. In addition, the
engineered cysteine residues have been shown to form triple
light chain species during production.12,13

Another re-engineering approach is to incorporate unnatural
amino acids in the antibody as sites for conjugation and avoid
the use of maleimide chemistry. To improve specificity non-
natural amino acids can be introduced with functionalities that
enable conjugation chemistries to be used that are orthogonal
to those typically used for native amino acids. ADCs have been
synthesized by introducing a p-acetylphenylalanine residue site

specifically into TRA.14 Conjugation of a cytotoxic payload is
then achieved by using an alkoxy-amine derivatized drug to
form an oxime bond. Similar approaches are possible using
azide/alkyne “click” chemistry.15 Conjugation to unnatural
amino acids is a promising alternative to produce homogeneous
ADCs but has some limitations. Re-engineering mAbs to
incorporate unnatural amino acids is complex and costly. In
addition, the current methods reported for conjugation to form
an oxime use a large excess of up to 30 equiv of cytotoxic
reagent and have long reaction times of up to 4 days.14 When
an ADC is derived from mAbs that have previously undergone
clinical development, re-engineering may not be cost-effective
given that GMP manufacturing processes will already be in
place.
We have developed a novel way to prepare more

homogeneous and stable ADCs that does not require protein
re-engineering (Figure 1). This approach uses bis-sulfone
reagents that are selective for the cysteine sulfur atoms from a
native disulfide (Figure 2). These reagents undergo bis-
alkylation to conjugate both thiols derived from the two
cysteine residues of a reduced native disulfide bond16 such as
the interchain disulfide bonds of a mAb. The reaction results in
covalent rebridging of the disulfide bond via a three carbon
bridge leaving the protein structurally intact. This approach has
also been applied for the site-specific conjugation of poly-
(ethylene glycol) (PEG) to a wide range of therapeutic proteins

Figure 1. Conjugation of a payload to a disulfide bridge using a bis-alkylating conjugation approach involving a sequence of Michael addition and
elimination reactions.

Figure 2. Chemical structures of the bis-alkylating reagents 1, 2, and 3 loaded with either a cytotoxic payload (MMAE) or fluorescent dyes, Alexa
Fluor 488 and FITC, respectively. The fluorescent dyes are linked to the disulfide bridging linker via a noncleavable amide bond while MMAE is
linked by an enzyme cleavable valine citrulline dipeptide and self-immolative p-aminobenzyl moiety.

Bioconjugate Chemistry Article

dx.doi.org/10.1021/bc500148x | Bioconjugate Chem. 2014, 25, 1124−11361125

Figure 1. Conjugation of a payload to a disulfide bridge using a bis-alkylating conjugation 
approach involving a sequence of Michael addition and elimination reactions.

George Badescu et al, Bridging Disulfides for Stable and Defined Antibody Drug Conjugates, 
Bioconj. Chem. 2014, 25, 1124-1136 



MEDI4276 – a Anti-HER2 Biparatopic ADC

Li JY, Perry SR, Muniz-Medina V et al. A Biparatopic HER2-Targeting Antibody-
Drug Conjugate Induces Tumor Regression in Primary Models Refractory to or 
Ineligible for HER2-TargetedTherapy. Cancer Cell 2016, 29, 117-129 



Probody™ therapeutics

HEALTHY TISSUE DISEASED TISSUE



Probody™ drug conjugates (PDC)

Based on cleavable peptide blocked CDRs
• Activation of the Probody antibody tightly 

regulated, binding only when cleaved
by tumor-associated proteases

• Promising for previously inaccessible
cancer antigens by greatly reducing 
collateral damage to normal tissues

• Example: anti-human CD166 Probody-
SPDB-DM4 (CX-2009)

• CD166 highly expressed in many
cancers, but also on normal tissues

• Well tolerated at 5 mg/kg, with no on-target 
and off-target toxicity



Evolving ADC constructs

Antibody fragment-based carriers
+Mono- or di-valent immunoglobulin fragments
+scFv
+VH

e.g., Crescendo Biologics Humabody™ drug 
conjugates (HDCs)

+Others
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Applying a versatile, innovative platform to oncology
With its unique Humabody technology platform, Crescendo Biologics is poised to become 
a significant player in the rapidly progressing immuno-oncology field.

Crescendo Biologics—backed by blue-chip investors 
including Sofinnova Partners, Imperial Innovations, 
Astellas Venture Management and EMBL Ventures—is 
at a pivotal moment in its evolution. The UK biophar-
maceutical company made the strategic decision in 
mid-2015 to focus its drug discovery and develop-
ment efforts entirely in the oncology space and is 
now busy building and evaluating an exciting pipe-
line of highly differentiated therapeutics based on its 
proprietary, robust Humabody VH domain technology 
platform (Fig. 1).

Owing to the exceptional characteristics of 
Humabody VH, the team at Crescendo is able to rap-
idly create an almost limitless number of multispecific 
constructs. The company can use these to efficiently 
explore and identify optimal formats for engaging 
therapeutically valuable targets in a way that is funda-
mentally different than those using whole antibodies.

Using just this approach, Crescendo is pursuing 
novel product opportunities, through both in-house 
development and strategic partnerships in both mul-
tispecific immuno-oncology modulators and HDCs 
(Humabody Drug Conjugates). Humabody formats 
are set to establish a valuable new class of high-value 
therapeutics to address substantial unmet medical 
need.

Crescendo’s technology platform is centered on a 
unique and proprietary transgenic mouse. Using this 
platform harnesses the benefits of in vivo maturation, 
thereby naturally optimizing the affinity and bio-
physical properties of Humabodies. Compared with 
monoclonal antibodies, Humabodies offer a unique 
combination of benefits owing to their small size 
and cost-effective production, as well as Crescendo’s 
modular ‘Plug & Play’ engineering options for generat-
ing novel bi- or multispecific formats.

Highly differentiated products 
in immuno-oncology
Immuno-oncology is an enormously exciting area for 
the development of new, innovative cancer therapies. 
Crescendo is developing next-generation immuno-
therapies with broad applicability across a range of 
oncology indications with the aim of re-engaging 
the body’s immune system to recognize and destroy 
cancer cells.

The company aims to build on the groundbreak-
ing clinical studies with checkpoint inhibitors such 
as Yervoy (ipilimumbab), Opdivo (nivolumab) and 
Keytruda (pembrolizumab). These products have 
demonstrated that, by unleashing the power of the 
immune system, it is possible to achieve durable 
responses (many of which are now considered ‘cures’) 
for a subset of patients in key cancer indications. 
Importantly, the response to a combined blockade of 

cytotoxic T lymphocyte–associated antigen 4 (CTLA4) 
plus programmed cell death protein 1 (PD1) is greater 
than that to either monotherapy alone, but the pro-
portion of patients and range of tumors that respond 
to such a checkpoint blockade is still low. Crescendo’s 
goal is to improve on first-generation immune mod-
ulators such as these by finding new molecules to 
increase the number of patients who respond.

The Humabody platform is enabling the team at 
Crescendo to rapidly engineer highly effective product 
‘building blocks’ targeting a range of key mechanisms 
in the cancer immunity cycle. These include ‘releasing 
the brakes’ on the immune response (blocking inhibi-
tory signals), ‘pressing the gas pedal’ on the immune 
response (activating stimulatory pathways), as well as 
enhancing antigen presentation and inhibiting the 
immunosuppressive tumor microenvironment.

By leveraging the advantages of the Humabody 
format, along with substantial in-house expertise in 
engineering multispecific products, Crescendo is able 
to rapidly explore numerous multispecific combina-
tions of building blocks in a highly flexible manner. 
This approach offers a unique way of unlocking new 
biology through simultaneous engagement of mul-
tiple synergistic pathways. Many opportunities such 
as these are inaccessible to larger, bulkier antibod-
ies (which are sometimes difficult to engineer and 
develop). Instead, they are ideally suited to the smaller 
and more flexible Humabody formats, which permit 
multi-target engagement over a broader range of 
3D space.

Crescendo is open about its interest in targeting 
PD1, but the company is also exploring a range of 
novel formats (including tumor-specific targeting of 
immune modulation) with a view to maximizing ther-
apeutic efficacy and product differentiation. The com-
pany has already demonstrated that Humabodies are 
capable of very efficient tumor penetration, maximiz-
ing their ability to access the tumor microenviron-
ment where reactivation of T cells that are capable 
of attacking the tumor is most needed. The serum 
half-life of all constructs can also be extended by the 

addition of a human-serum-albumin-binding domain 
to optimize treatment scheduling.

Altogether, this combination makes for an 
extremely efficient, highly selective approach to 
identifying and delivering exceptionally potent 
tumor-killing drugs.

Potential for partnerships
At a time when the field of cancer therapy is moving 
forward at an increasingly rapid pace, Crescendo is 
firmly focused on establishing itself as a prominent 
player in the space.

The team is creating a pipeline of novel, highly dif-
ferentiated in-house assets but makes it clear that 
there are many additional opportunities that the 
company is able to pursue in partnerships where the 
Humabody format would offer substantial benefit.

In particular:
 • Mono- and multispecific Humabody constructs 
would be ideal targeting elements for chimeric 
antigen receptor (CAR) T cells. The stability of the 
Humabody format, in which the alternative 
targeting agent is usually a single-chain variable 
fragment, which are notorious for unfolding and 
aggregation, would enhance targeting specificity, 
facilitate coverage of antigen escape and reduce 
the potential for nonspecific T cell activation.

 • Humabody constructs are ideal immuno-
modulatory payloads for delivery by an oncolytic 
virus. Local delivery of Humabody coding 
sequence for expression directly in the tumor 
microenvironment with rapid clearance from the 
systemic circulation owing to its small size would 
be highly beneficial for maximizing potency and 
minimizing systemic side effects.
Crescendo is interested in establishing a highly 

selective portfolio of strategic collaborations with 
key partners and would be delighted to discuss areas 
of potential common interest in the oncology space 
from which to build value for both parties.

Brian McGuinness, Head of New 
Product & Business Opportunities
Crescendo Biologics
Cambridge, UK
Tel: +44 (0)1223 497142
Email: bmcguinness@

crescendobiologics.com
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Crescendo Biologics
www.crescendobiologics.com

Figure 1: Efficient formatting for differentiated 
Humabody products.

Humabody™ drug conjugates (HDCs)

Based on fully human VH building blocks
• Small size for efficient tissue penetration
• Modular ‘Plug & Play’ engineering options 

and cost-effective production
• Biparatopic formats for superior tumor 

targeting with rapid internalization
• Rapid onset cell killing,

enhanced therapeutic
index

• Tuneable serum
half-life



Evolving ADC constructs

Targeting ligand-based carriers
+Receptor/target protein binding ligands

e.g., Tarveda Therapeutics Pentarins™ 
miniaturized biologic drug conjugates (mBDCs)

+Designed ankyrin repeat proteins (DARPins)
+Others



Pentarins™
miniaturized biologic drug conjugates (mBDCs)



Pentarins™
miniaturized biologic drug conjugates (mBDCs)
Based on receptor/target protein ligands
• Targeting cell surface receptors or other

proteins over-expressed in many cancers
• Small size for deep penetration in

solid tumor tissue
• Polymeric nanoparticle encapsulation

to control systemic circulation half-life, 
biodistribution and drug release

• Enhanced permeability and retention
(EPR) effect

• Example: anti-human SSTR2 somatostatin 
receptor peptide ligand-DM1 conjugate (PEN-221)

• For neuroendocrine cancers (e.g., SCLC)
• Tumor regression with one cycle of 2 mg/kg





ADCs bioanalysis—what to measure?



Potential catabolic fate of an ADC

Saad OM et al. Bioanalysis, (2015) 7(13), 1583–1604



Standard ADC bioanalysis methods 

Gorovits B, Alley SC, Bilic S et al. Bioanalysis, (2013) 5(9), 997–1006

“Some of the most important questions in drug development are:
‘What is the exposure–response (E–R) relationship for efficacy?’ and
‘What are the E–R relationships for safety?’” 10/19/16, 10:13 AM

Page 1 of 1http://www.future-science.com/action/showPopup?citid=citart1&id=T1&doi=10.4155%2Fbio.13.38

Table 1. Analytes commonly assessed for antibody–drug conjugate bioanalysis.

Analyte type Analyte(s) details Typical analytical
method(s)

Conjugated
antibody†

Antibody with minimum of DAR >1 LBA

Total antibody‡ Conjugated, partially unconjugated and fully unconjugated
(DAR >0)

LBA

Antibody-
conjugated drug§

Total small-molecule drug conjugated to antibody Affinity LC–MS/MS,
LBA

Unconjugated
drug¶

Small-molecule drug not conjugated to antibody LC–MS/MS

Total drug# Total unconjugated and conjugated drug LC–MS/MS
Antitherapeutic
antibody

Antibodies directed against antibody component of ADC,
linker or drug (binding/neutralizing)

LBA

†Conjugated antibody analyte may be used as an assessment of the conjugate exposure.
‡The total antibody analyte provides an assessment of the protein component of the ADC.
§Antibody-conjugated drug analyte is an alternative assessment of the conjugate exposure.
¶Unconjugated drug analyte may be used as an assessment of safety characteristic.
#Total drug analyte has been reported previously [33]. The analyte is not broadly used at this time.
ADC: Antibody–drug conjugate; Affinity LC–MS/MS: Affinity capture followed by linker cleavage and LC–
MS/MS; DAR: Drug-to-antibody ratio; LBA: Ligand-binding assay.



PK-PD modeling/simulation of ADCs

Khot A, Sharma1 S, & Shah DK. Bioanalysis, (2015) 7(13), 1633–1648



“Meanwhile, in ADC PK and bioanalysis, 
questions (remain) …”

Jian Wang et al

Wang J, Gu H, Liu A et al. Antibody–drug conjugate bioanalysis using LB-LC–MS/MS hybrid assays: 
strategies, methodology and correlation to ligand-binding assays. Bioanalysis, (2016) 8(13), 1383–1401



Questions (Wang et al)
+ Which assays and analytes are preferred, conjugated-antibody 

or conjugated-payload?

+ What assay format to use, LBAs or hybrid [LB-LC-MS/MS] assays 
in preclinical and clinical PK studies?

+ Can hybrid assays play additional roles beyond measuring 
conjugated-payload?

+ Are hybrid assays viable alternatives to LBA for the analysis of 
total-antibody?

+ Can hybrid assays be used as an alternative or complement to 
LBAs for the analysis of conjugated-antibody? 

+ Can ADC bioanalysis be supported in a LC–MS based laboratory 
without full LBA capabilities?

+ What is the ideal ADC bioanalytical strategy from early Discovery 
to late clinical stage?

Wang J, Gu H, Liu A et al. Bioanalysis, (2016) 8(13), 1383–1401
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A model ADC BA case study



ADC BA case study

Bristol-Myers Squibb ADC
+ Targeting solid tumors
+ Random lysine conjugation
+ Microtubule polymerization inhibitor payload
+ Cathepsin B cleavable dipeptide linker
+ Potential soluble target interference
+ Conjugated payload inactivated by metabolism

Myler H, Rangan VS, Wang J et al. An integrated multiplatform bioanalytical strategy for
antibody–drug conjugates: a novel case study. Bioanalysis, (2015) 7(13), 1569–1582

Myler H, Rangan VS, Kozhich A et al. Validation of an integrated series of ligand-binding 
assays for the quantitative determination of antibody–drug conjugates in biological
matrices. Bioanalysis, (2016) 8(6), 519–531

Wang J, Gu H, Liu A et al. Antibody–drug conjugate bioanalysis using LB-LC–MS/MS 
hybrid assays: strategies, methodology and correlation to ligand-binding assays. 
Bioanalysis, (2016) 8(13), 1383–1401



ADC BA case study

Program involved data from 15 different assays to 
evaluate ADME, safety and efficacy of the ADC

Assays needed to evaluate PK
+ Total antibody
+ Active ADC
+ Total ADC
+ Antibody-conjugated payload
+ Unconjugated payload

Myler H, Rangan VS, Wang J et al. Bioanalysis, (2015) 7(13), 1569–1582



ADC BA case study—nonclinical

LBAs 
+ Technically/operationally harmonized

ELISAs using MULTI-ARRAY®

microplate (MSD) platform
+ Cynomolgus monkey and

Sprague–Dawley rat serum

Reagents
+ Capture mAb (biotinylated): mouse anti-idiotype
+ Detection mAbs (ruthenylated):

+ Total antibody (T-Ab): mouse anti-human IgG Fc
+ Active ADC (A-ADC): mouse anti-payload (active only)
+ Total ADC (T-ADC): mouse anti-payload (active and inactive)

Myler H, Rangan VS, Wang J et al. Bioanalysis, (2015) 7(13), 1569–1582



What does the LBA data show?
Biotransformation and integrated monkey TK profiles

+ T-Ab > T-ADC indicates deconjugation

+ T-ADC > A-ADC indicates (payload) metabolism

+ T-Ab > A-ADC indicates deconjugation + metabolism

Myler H, Rangan VS, Wang J et al. Bioanalysis, (2015) 7(13), 1569–1582



ADC BA case study—clinical

LBAs 
+ Transferred and optimized to use Bioaffy 1000 microfluidic 

CDs containing streptavidin-coated columns with a 
Gyrolab™ xP Workstation

+ Human serum

Reagents
+ Capture mAb (biotinylated): mouse anti-idiotype
+ Detection mAbs (Alexa-647 conjugated):

+ Total antibody (T-Ab): same mouse anti-idiotype
+ Active ADC (A-ADC): mouse anti-payload (active only)
+ Total ADC (T-ADC): mouse anti-payload (active and inactive)

Myler H, Rangan VS, Kozhich A et al. Bioanalysis, (2016) 8(6), 519–531



Single multi-analyte PK Gyrolab™ method

Myler H, Rangan VS, Kozhich A et al. Bioanalysis, (2016) 8(6), 519–531

• 1-h CD runtime
• 64 results for 3 analytes
• 7-h shift by one analyst



ADC BA case study

Hybrid LB/LC-MS/MS & LC-MS/MS payload assays
+ Utilized stable isotope-labeled payload SIL-IS
+ Same UPLC separation conditions and SRM detection 

transitions using AB Sciex Triple Quad API-5500 system

Sample preparation
+ Antibody-conjugated payload (conj-payload)

+ Immunocapture with same biotinylated mouse anti-ID mAb
and streptavidin (SA-W) cartridges or Protein A or G cartridges 
(Agilent AssayMAP Bravo)

+ Elute and release payload with cathepsin B
+ Unconjugated payload (unconj-payload)

+ Protein precipitation with acetonitrile

Wang J, Gu H, Liu A et al. Antibody–drug conjugate bioanalysis using LB-LC–MS/MS hybrid assays: 
strategies, methodology and correlation to ligand-binding assays. Bioanalysis, (2016) 8(13), 1383–1401

Myler H, Rangan VS, Wang J et al. Bioanalysis, (2015) 7(13), 1569–1582



ADC BA case study

Hybrid LB/LC-MS/MS antibody assays
+ Utilized stable isotope-labeled signature peptide (SIL-IS)
+ UPLC separation and SRM detection of CDR signature peptide 

(w/o Lys) using AB Sciex Triple Quad API-6500 system

Sample preparation
+ Total antibody & conjugated antibody

+ Cartridge-based: IC with biotinylated mouse anti-ID or anti-
payload mAb and streptavidin (SA-W) cartridges or anti-payload 
mAb and Protein A cartridges (Agilent AssayMAP Bravo)

+ Bead-based: IC with biotinylated mouse anti-ID or anti-payload 
mAb and MyOne streptavidin T1 magnetic beads or anti-payload 
mAb and Protein G beads (Dynabeads)

+ Elute and/or digest with trypsin

Wang J, Gu H, Liu A et al. Bioanalysis, (2016) 8(13), 1383–1401



Procedure of hybrid LB/LC–MS/MS assays (from Fig. 2)

Wang J, Gu H, Liu A et al. Bioanalysis, (2016) 8(13), 1383–1401



Hybrid assays developed with combinations of different 
capture reagents and enzymes (from Fig. 3)

Wang J, Gu H, Liu A et al. Bioanalysis, (2016) 8(13), 1383–1401



Hybrid LB/LC-MS and LBAs in ADC rat PK (from Fig. 6)

Wang J, Gu H, Liu A et al. Bioanalysis, (2016) 8(13), 1383–1401



41

LBA or LC-MS?



ADCs bioanalysis
+ LBA and LC-MS technologies are both essential to 

fully support comprehensive ADC development
+ LBAs and hybrid assays can be complementary or 

alternatives—often a matter of preference
+ One suggested strategy (Wang et al):

+ Early discovery: generic protein A or G capture 
conjugated-payload (LC-MS) assay and generic capture 
total-antibody in LBA or hybrid format for screening 
and candidate selection

+ Late discovery/early development: DAR-insensitive 
conjugated-antibody in LBA or hybrid format and both 
conjugated-antibody and conjugated-payload 
measured

+ Late development: continuation with only one of the 
antibody-conjugate assays



Recent efficiency gains in ADC bioanalysis

using LC-MS-based multiplex assays

+ Conjugated & unconjugated payload
+ From a single aliquot, isolate into two separate fractions
+ Cleave conjugated payload in one and analyze both fractions

+ Total antibody & conjugated payload
+ Generic or specific immunocapture
+ Digestion/payload release
+ Analyze Ab peptide(s) and payload together

+ Total probody, total antibody, & conjugated payload
+ Generic or specific immunocapture
+ Digestion/payload release
+ Analyze Ab and other peptide(s) and payload together



Hybrid LB/LC-HRMS for ADC biotransformation

Saad OM et al. Bioanalysis, (2015) 7(13), 1583–1604



There is grandeur in this view of life, 
…from so simple a beginning 
endless forms most beautiful
and most wonderful have been,
and are being, evolved.

—Charles Darwin
(1809-1882)

“

”



Final thoughts

+ Multi-domain biotherapeutic modalities, including 
ADCs, are rapidly evolving

+ Critically assessing exposure, safety, efficacy, stability 
and biotransformation is becoming more complicated

+ Bioanalysis strategies must evolve in parallel to meet 
both scientific and cost effectiveness needs

+ Decisions between LBA or hybrid LC-MS platforms are 
based on many factors:
+ case-by-case, fit-for-purpose considerations
+ strength/experience of particular bioanalytical labs
+ sponsor’s bioanalytical philosophy
+ technical benefits vs. costs

One size does not fit all—will harmonization be possible?
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