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Abstract Antibody drug conjugates (ADCs) have

emerged as a viable option in targeted delivery of

highly potent cytotoxic drugs in treatment of solid

tumors. At the time of writing, only two ADCs have

received regulatory approval with [40 others in

clinical development. The first generation ADCs

suffered from a lack of specificity in amino acid site-

conjugations, yielding statistically heterogeneous sto-

ichiometric ratios of drug molecules per antibody

molecule. For the second generation ADCs, however,

site-specific amino acid conjugation using enzymatic

ligation, introduction of unnatural amino acids, and

site-specific protein engineering hold promise to

alleviate some of the current technical limitations.

The rapid progress in technology platforms and

antibody engineering has introduced novel linkers,

site-specific conjugation chemistry, and new payload

candidates that could possibly be exploited in the

context of ADCs. A search using the Clinical Trial

Database registry (www.clinicaltrials.gov), using the

keyword ‘antibody drug conjugate’, yielded *270

hits. The main focus of this article is to present a brief

overview of the recent developments and current

challenges related to ADC development.
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Introduction

With the introduction of engineered humanized and

fully human monoclonal antibodies (mAbs), targeted

cancer therapy has reached a new level of sophistica-

tion (Sliwkowski and Mellman 2013; Gharwan and

Groninger 2016). However, while therapeutic mAbs

have had a high success rate in treatment of hemato-

logic tumors, targeting solid tumors has been rela-

tively difficult because of their lack of sufficient

permeability (Choi et al. 2013). Most solid tumors are

derived from epithelial cells and their tissues pose

significant barriers to drug penetration due to their

high interstitial fluid pressure (IFP), high cell density,

excessive deposition of extracellular matrix (ECM),

and physical barriers composed of stroma proteins. In

order to overcome the above challenges, passive and

active drug targeting models have successfully been

introduced (Lammers et al. 2012).

In passively targeted drug delivery, the objective is

to reach drug accumulation in the vicinity of the

tumor, often by increasing its half-life, and eventually

to achieve an ‘‘enhanced permeation and retention

(EPR)’’ effect (Bae and Park 2011; Khawar et al.

2015). The leaky nature of the tumor’s vascular system
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coupled with its poor lymphatic drainage, enableS

drug accumulation within the tumor mass, contribut-

ing to the EPR effect. Examples of passive drug

targeting include the use of pegylation, artificial

phospholipid vesicles such as liposomes, polymeric

micelles, and other nanoparticles for drug delivery.

Some of the barriers to passive spontaneous drug

delivery include the heterogeneous vascularization of

the tumor tissues, higher IFP, and possibly areas of

necrosis (Torchilin 2014).

In contrast, actively targeted drug delivery involves

the interaction between a tumor cell specific antigen

(e.g., a surface receptor) and the drug or the drug

carrier. Since certain tumor-associated antigens are

over-expressed (e.g., a high copy number is considered

[105 surface antigens per cell) on the surface of the

cancer cells, one can harness the specificity, high

affinity, and relatively longer half-life of a mAb to

selectively bind to high density surface receptors;

however, binding alone may not often lead to

cytotoxicity. Fortunately, combining the potency and

cytotoxicity of a chemotherapeutic agent with tumor-

specificity of a mAb has the potential to exploit an

effective approach in intracellular drug delivery.

Clinical applications of antibody drug conjugates

(ADC) represent an option in the treatment of solid

tumors using actively targeted drug delivery. An ADC

is designed to take advantage of the potency of a

cytotoxic agent and specificity of a mAb, in order to

induce anti-tumor activity, while minimizing systemic

toxicity of the free drug. The first ADC product was

gemtuzumab ozogamicin (Mylotarg), an anti-CD33

humanized IgG4 antibody calicheamicin conjugate,

that was approved by the United States Food and Drug

Administration (US-FDA) in 2000 (Sievers and Senter

2013) for patients suffering from acute myeloid

leukemia, but was withdrawn in 2010. Although

earlier granted an ‘orphan’ status, the European

Medicines Agency rejected Mylotarg in 2008, on the

basis of criticism of its supporting clinical study

designs (Makuch and Shi 2014). Brentuximab vedotin

(Adcetris), an anti-CD30 antibody linked to a mono-

methyl auristatin E, and ado-trastuzumab-emtansine

conjugate (Kadcyla) were approved by the FDA,

respectively, in 2011 and 2013. The re-emergence of

ADCs as a novel class of drugs in oncology has

resulted in more than 40 candidates in clinical

development (Mack et al. 2014; Perez et al. 2014;

Kim and Kim 2015; Polakis 2015). In this article, key

attributes of an effective ADC, mode-of-action, pro-

duct characterization, and recent progress will be

briefly discussed.

Anatomy of an ADC

An ADC consists of three key components: a drug or

payload, a linker, and an antibody. The so-called first-

generation ADC platforms experienced several draw-

backs including inadequate payload potency, linker

chemistry, tumor biology, insufficient tumor internal-

ization, lower than expected tumor accumulation rates

in human subjects, heterogeneous, and immunogenic-

ity (Chari 2008). In contrast, introduction of second-

generation ADCs has alleviated some of the above

hurdles, leading to the regulatory approval of ado-

trastuzumab-emtansine and brentuximab vedotin

ADCs (Table 1). The design and development attri-

butes of ADCs (Fig. 1) present a relatively more

complex biochemical and analytical characterizations

as well as formulation challenges. Currently, the ADC

research and development is experiencing a rapid

growth in understanding and optimization of the mAb,

the linker, conjugation chemistry, and the payload

design. A brief description of each of the ADC

components is presented in the following sections.

Monoclonal antibody selection

Monoclonal antibodies can be engineered to be

extremely specific in antigen binding for a wide array

of oncology and immunology related indications

(Bakhtiar 2012; Liu 2015). Majority of approved

therapeutic mAbs are based on the IgG1 isotype with a

few engineered using IgG2 and IgG4 scaffolds. IgG3

has not yet attracted much attention due to its

relatively short half-life and allotypic polymorphism,

obtained from serological studies, that could affect

CH3–CH3 inter-domain interactions leading to possi-

ble variations in C1q binding (e.g., complement

activation) (Vidarsson et al. 2014).

In treating solid tumors, initial studies showed a

heterogeneous distribution of mAbs within the tumor

(Juweid et al. 1992). The non-uniform distribution of

high affinity mAbs within tumor tissues has been

partly due to the so-called ‘‘binding site barrier’’,

which is the result of high non-specific protein binding
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mAb

Linker

Payload

n
High selectivity and affinity Stable in circulation High potency
Low immunogenicity Stable in product storage Stability 
Low aggregation Triggered to release payload inside tumor cells Low immunogenicity
Human or humanized Compatible for conjugation to an antibody Amenable to conjugation
Long-half life Optimal DMPK profile

Optimal DAR

Fig. 1 A simplified representation of an ADC architecture with some of the desired attributes

Table 1 Representative product summary for the currently approved ADCs

Product

information

Ado-trastuzumab emtansine Brentuximab vedotin

Product name/

approval year

Kadcyla/2013 Adcetris/2011

mAb isotype and

source

Humanized IgG1, Chinese Hamster Ovary (CHO)

cells

Chimeric IgG1, CHO cells

Target antigen Her2; Receptor tyrosine-protein kinase erbB-2, also

known as CD340 which is up-regulated in certain

cancers (e.g., 15–30 % of breast cancers)

CD30; a member of TNF family, over-expressed on

Reed-Sternberg cells

Patient selection Her2 positive defined by 3? by

immunohistochemistry (IHC) or a ratio of 2 or

higher by in situ hybridization

CD30 expression evaluated by IHC of biopsy samples;

flow cytometry analysis of fresh tissue, or cell

aspiration specimens, including peripheral blood and

bone marrow aspirate

Average drug-to-

antibody molar

ratio (MRD)

3.5 4

Drug (payload) Maytansine (DM1): a microtubule inhibitor; Free-

drug potency, EC50 * 10-11–10-12 M

Monomethyl auristatin E (MMadverse event): a

microtubule disrupting agent; Free-drug potency,

EC50 * 10-9–10-11 M

Linker 4-[N-maleimidomethyl] cyclohexane-1-carboxylate

(MCC) via lysine amines

Valine-citrulline dipeptide using a para-aminobenzyl

alcohol (PABA) spacer

Finished product Lyophilized vials at 100 or 160 mg dose Lyophilized cake or powder at 50 mg per vial

Dose and route of

administration

3.6 mg/kg intravenously every 3 weeks 1.8 mg/kg intravenous infusion every 3 weeks

Finished product

shelf-life

36 months at 2–8 �C 36 months at 2–8 �C

European Medicines Agency assessment reports: EMA/702390/2012 & EMA/749228/2013

Biotechnol Lett (2016) 38:1655–1664 1657

123



within tumors. Therefore, the mAb alone will have

limited therapeutic efficacy in treating solid tumors

unless titrated to high doses, in order to achieve

saturation of target binding, which could present

safety and tolerability concerns. An alternative would

be to either use a therapeutic mAb in combination with

a small cytotoxic molecule such as in combination

therapies, or use the former as a delivery vehicle for

the latter.

The ideal mAb in an ADC would have the

following features: (1) it utilizes receptor-mediated

endocytosis or other appropriate intracellular traffick-

ing via the endosome and lysosomal systems (Fig. 2);

(2) it is engineered against a surface antigen that is

highly expressed on the target cell (Fig. 2); (3) the

cell-surface receptor shedding is minimal to reduce

circulatory binding; (4) it is fine-tuned with respect to

its binding affinity, specificity, and internalization

kinetics; (5) it produces a low immune response in

humans; (6) the payload conjugation does not affect

the mAb’s stability, internalization, binding, and

overall pharmacokinetics; (7) if the therapeutic indi-

cation requires it, the mAb triggers Fc effector

functions such as complement-dependent cytotoxicity

(CDC), antibody-dependent cell-mediated cytotoxic-

ity (ADCC), and/or antibody-dependent cell-mediated

phagocytosis (ADCP); and (8) it has a long half-life to

allow significant accumulation in a tumor cell. There-

fore, the specificity and affinity of a mAb to the surface

target antigen are amongst key determinants in

efficient receptor-mediated endocytosis (e.g.,

micropinocytosis, clathrin-mediated endocytosis, or

caveolin-mediated endocytosis) (Correia 2010; Hog-

arth and Pietersz 2012; Jackson and Stover 2015).

ADC
Surface 
Antigen

Endocytosis 

Early Endosome 
pH 6

Late Endosome
pH 5

Lysosome & 
Lysosomal  

Degradation 
pH 4Payload  

Release

Drug Binding to 
Intracellular Target

Microtubule Disruption
DNA Strand Breakage

Apoptosis 

Fig. 2 A simplified general scheme for the mechanism of ADC activity
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The mAb in gemtuzumab ozogamicin was a

recombinant humanized IgG4 kappa antibody which

was generated in mammalian cell suspension culture

using a myeloma NS0 cell line. Gemtuzumab ozogam-

icin targeted the CD33 antigen that was a sialic acid-

dependent adhesion transmembrane receptor

expressed on cells of myeloid lineage. IgG4 and

IgG2 subclasses have a reduced affinity for a number of

Fcc receptors (RI, RII, and RIII) and C1q activation

which translates to lower ADCC and CDC activities.

Therefore, IgG4 subclass is preferred for immunother-

apy where activation of the host effector function is not

beneficial. The challenge in using a wild-type IgG4

scaffold is dynamic Fab-arm exchange with endoge-

nous IgG4molecules yielding bispecificAbs, unable to

cross-link cognate antigen, and hence, reduced efficacy

(van der Neut et al. 2007). In order to minimize IgG4s’

Fab-arm exchanges, manufacturers often stabilize the

core-hinge region by site-directed mutagenesis (as in

the case of gemtuzumab ozogamicin), where the serine

amino acid at position 228 is replaced by proline,

known as the S228Pmutation (Cys-Pro-Ser-Cys-Pro to

Cys-Pro-Pro-Cys-Pro).

The mAb in brentuximab vedotin (Adcetris) is a

heterotetrameric chimeric IgG1 with two kappa light

chains and two gamma one heavy chains against CD30.

CD30 is a member of the tumor-necrosis factor (TNF)

receptor superfamily. Activated immune cells such as T

and B cells show expression of CD30 as do systemic

anaplastic large cell lymphoma (sALCL), Hodgkin’s

lymphoma (HL), mature T cell lymphomas, and B cells

formed from non-Hodgkin’s lymphoma (NHL) (Scott

et al. 2012). The mAb in ado-trastuzumab-emtansine

conjugate (Kadcyla) is a humanized anti-HER2 IgG1,

which has been well-characterized (Van den Mooter

et al. 2015). Similar to most other therapeuticmAbs and

ADCs, the pharmacokinetics of ado-trastuzumab-em-

tansine is non-linear, characterized by a two-compart-

mentmodel with first-order elimination from the central

compartment (Dhillon 2014). Unlike small molecule

drugs, therapeutic mAbs and ADCs often exhibit linear

and non-linear pharmacokinetics at high- and low-

doses, respectively (Han and Zhao 2014). Target-

mediated clearance is one of the reasons for non-linear

elimination of mAbs (Vugmeyster et al. 2012). Tras-

tuzumab undergoes facile internalization subsequent to

target binding on the cell surface; and hence, the non-

linearity of its pharmacokinetics is due to receptor-

mediated drug disposition. Therefore, trastuzumab’s

meanhalf-life increases and its clearance decreaseswith

increases in dose, presumably due to saturation of the

above elimination route (Tang et al. 2004).

Payload selection

Payload selection is another critical factor that defines

the success of an ADC. An ideal ADC payload is a

highly potent small molecule with lack of specificity.

Currently, there are two broad categories of payloads

for conjugation to a mAb. The first category is referred

to as radionuclide antibody conjugates (RACs), where

a radionuclide emitting radiation penetrates into the

targeted cells of the solid tumor to induce a sufficient

lethal response with no or minimal damage to the

surrounding healthy cells. Initially, there were two

approved RACs, namely 131I-tositumomab (Bexxar)

and 90Y-ibritumomab (Zevalin) used in treatment of B

cell lymphoma, HL, NHL, or multiple myeloma

(Kitson et al. 2013). Bexxar was a mouse IgG2a

anti-CD20 mAb labelled with I-131 which emitted

both beta and gamma radiations with a half-life of

approximately eight days. Zevalin was a mouse IgG1

anti-CD20 mAb labelled with a beta emitter, Y-90,

with a 64 h half-life. However, Bexxar was voluntarily

withdrawn due to its decline in sales, partly attributed

to its complex dosing preparation (Prasad 2014;

AlDeghaither et al. 2015). Further discussion on

RACs is beyond the scope of this manuscript but

details can be found elsewhere (Navarro-Teulon et al.

2013).

The second and a major category for antibody

payloads include high potency synthetic or natural

product small molecules. ADC payloads approved or

under development are for the most part cytotoxic

agents with picomolar or sub-picomolar potencies (e.g.,

100–2000 fold more potent than doxorubicin, vinca

alkaloids, or taxanes). The mechanisms-of-action of

these payloads are often either interference with the

tumor cell mitotic cycle by inhibition of tubulin

polymerization, yielding G2/M phase cell cycle arrest

or disruption of DNA by alkylation, cleavage (Lambert

2012;Singh et al. 2015). Someof thesepayloads,mainly

natural products, such as monomethyl auristatin E are

extremely toxic (potency *10-11–10-9 M) to healthy

cells and cannot be administered as mono-therapy to

cancer patients. For instance, maytansine, which

inhibits microtubule polymerization when administered

Biotechnol Lett (2016) 38:1655–1664 1659

123



alone, can lead to dose-limiting neuropathy, fatigue, and

diarrhea (Wong andHurvitz 2014; Ho and Chien 2014).

Other examples of ADC payloads include calicheam-

icins, duocarmycins, tomaymycin, maytansinoids,

pyrrolobenzodiazepine dimers, dolastatin 10, and

tubulysins (Dosio et al. 2014; Maderna and Leverett

2015; Kamath and Iyer 2016).

A higher drug-antibody ratio or an average drug-to-

antibody molar ratio of highly potent cytotoxins used

as ADC payloads yields greater potency. However, a

higher drug-antibody ratio is also associated with

deterioration of certain ADC attributes such as

increased systemic clearance, reduction in therapeutic

efficacy, lower stability under stressed conditions

(Adem et al. 2014), heterogeneity, and higher propen-

sity to aggregation, presumably due to the hydropho-

bic nature of the payloads (Beckley et al. 2013). Some

adverse clinical effects including immunogenicity

have been attributed to protein aggregation (Moussa

et al. 2016). Based on extensive research, a drug-

antibody ratio of about 4 is an optimal threshold for

anti-tumor activity (Hamblett et al. 2004; McDonagh

et al. 2006). Promising preliminary data on the use of

site-specific conjugation to yield drug-antibody ratio

values of 6 and 8, for tackling low-expression tumor

antigens and slower tumor cell internalization kinetics,

while achieving a high therapeutic index, has been

reported (Strop et al. 2015).

Linker design

There are two broad categories of ADC linkers,

namely cleavable and non-cleavable linkers (Blen-

cowe et al. 2011; Nolting 2013; Jain et al. 2015). The

former can be divided into several sub-types

including:

• Acid-labile linkers such as a hydrazine linker

which undergoes hydrolysis in endosomes (pH

5–6.5) and lysosomes (pH 4.5–5) environments

(e.g., gemtuzumab ozogamicin). For example,

hydrazones have half-life values of 183 and

4.4 h at pH 7 and 4.4, respectively (McCombs

and Owen 2015). Also, lower cellular pH

conditions can be due to tumor hypoxia resulting

from an imbalance of oxygen delivery and rise

in lactic acid production (the Warburg effect)

(Chiche et al. 2010).

• Protease cleavable linkers like a valine-citrulline

(Val-Cir) dipeptide that can be cleaved by cathep-

sin B, a cysteine protease, under lysosomal acidic

environment (e.g., brentuximab vedotin).

• Disulfide linkers that rely on the high level of

cellular reduced glutathione to release their

payload.

In contrast, the non-cleavable linkers have higher

blood stability and often rely on internalization

kinetics, facile lysosomal delivery, and ensuing ADC

degradation to yield cancer cell apoptosis (e.g., ado-

trastuzumab-emtansine). Upon internalization, the

free payload is released with the linker attached to

an amino acid from the mAb. To date, most non-

cleavable linkers used have been thioether-based

bonds (Hamilton 2015). Non-cleavable linkers

account for about 20 % of the ADCs in clinical

testing. Clearly, there is inter-dependency between the

linker and conjugation chemistry. The choice of

linker-conjugation chemistry affects ADC’s stability,

efficacy, pharmacokinetics, homogeneity, and bio-

physical integrity (Chari et al. 2014). There are several

conjugation strategies:

• Conjugation through lysine amino acids. An IgG

scaffold has 80–90 lysines, with about 20 being

solvent accessible and hence easily amenable to

conjugation. This approach could lead to a wide

spectrum of drug-antibody ratios and requires

batch-to-batch consistency. Ado-trastuzumab-em-

tansine uses Ab-lysine modification.

• Conjugation via cysteine residues by reducing

‘inter-chain’ native disulfide bonds. An IgG has 12

intra-chain and 4 inter-chain disulfide bonds.

Reduction of the latter yields 8 cysteine residues

with partial reduction leading to about 4. Brentux-

imab vedotin uses partial cysteine reduction of

native inter-chains.

• Increasing the homogeneity of the ADC by site-

specific conjugation via genetically engineered

amino acid alteration. One example of such an

approach is using the THIOMAB platform, which

results in a more uniform drug-antibody ratio and

contains thiol-maleimide linkages. However, cys-

teine-engineered mAbs require additional down-

stream steps such as partial reduction and re-

oxidation (Chari et al. 2014).

• Enzyme-mediated conjugation is another

approach using ligating enzymes with high

1660 Biotechnol Lett (2016) 38:1655–1664

123



specificity for a given substrate. One route is to

incorporate glutamine residues and coupling of an

acyl acceptor payload using microbial transglu-

taminase (Kline et al. 2015).

• The incorporation of an unnatural amino acid such

as para-acetylphenylalanine instead of alanine

using an orthogonal amber suppressor tRNA/

aminoacyl-tRNA synthetase (aaRS) pair, followed

by subsequent payload coupling (Kline et al.

2015).

Generally, payload coupling approaches that allow

specificity, narrower drug-antibody ratio distribution,

and higher ADC homogeneity hold promise to opti-

mize the product target profile. Furthermore, site-

specific coupling will facilitate production of linking

other novel payloads (Behrens and Liu 2014; Deonar-

ain et al. 2015).

Production and characterization

The production of the mAb component of an ADC is

similar to that used to produce the traditional thera-

peutic mAbs. However, there are exceptions when

dealing with site-specific amino acid engineering,

partial reduction of cysteine amino acids, or enzymatic

coupling of the payload. One of the common chal-

lenges in manufacturing ADCs is handling of highly

cytotoxic payloads or high-potency active pharma-

ceutical ingredients (HPAPIs: defined as biological

activity at about 150 lg/kg body weight or below in

humans). The manufacturing facility should be able to

accommodate steam-in-place and clean-in-place capa-

bilities. Some key requirements to ensure staff safety

could include occupational exposure limits set at or

below a specified limit (at or less than 30 ng/m3) in air

for Category 4 compounds (SafeBridge criteria) as an

8 h time-weighted average, airlocks, appropriate per-

sonal protective equipment, adequate ventilation,

long-term storage, transport, filtration, negative pres-

sure rooms, de-contamination procedures, compliance

to current good manufacturing practice, etc.

In addition to the standard handling techniques for

HPAPIs and antibody components, the large scale

conjugation chemistry step requires careful process

control. Depending on the sponsor’s bioprocess,

cysteine residues would need to undergo partial

reduction, reacted with a compatible functional

moiety on a linker (e.g., maleimide-activated peptide),

and followed by HPAPI coupling. Alternatively, the

primary amine on lysine residues could be coupled to a

bi-functional amide linker (e.g., using a N-hydroxy-

succinimide-activated ester), with subsequent reaction

of the second linker’s reactive site with HPAPI.

Regardless of the route of conjugation, free HPAPI

and organic solvents must not be in the final drug

substance. Thus, multiple chromatographic steps,

ultrafiltration, and diafiltration are used to remove

any unconjugated cytotoxin by [99.5 %. A recent

excellent review on ADCs formulation, physicochem-

ical stability, and characterization discusses some of

the above challenges in more detail (Singh et al. 2015).

As expected, due to the complex nature of ADCs,

there are a series of tests to ensure conformance to

specifications, characterize physicochemical proper-

ties, potency, impurities (product- and process-re-

lated), comparability, and stability for the payload,

mAb, and ADC itself. The product specifications for

the mAb portion of the ADC are the same as the

traditional therapeutic mAbs, including antigen bind-

ing, glycosylation, charge variants, higher-order struc-

ture, effector function, aggregation, host-cell proteins,

viral clearance, endotoxin presence, bioburden, and

others as appropriate. Intermediates such as the

cytotoxic drug, the linker, and the drug-linker combi-

nation are tested for purity where structural determi-

nation could be warranted for impurities higher than

0.1 %. In addition to drug-antibody ratio, drug load,

free drug, linker, and residual solvent levels are

determined. Moreover, container closure, intravenous

infusion bag (if applicable), transport, and storage

stabilities are rigorously tested (Wakankar et al. 2011;

Luo et al. 2016; Ross and Wolfe 2016).

Generally, the pharmacokinetics of ADCs are

similar to therapeutic mAbs, which means long half-

lives and low clearance values due to the human

neonatal Fc receptor recycling. Conversely, the phar-

macokinetics-pharmacodynamics properties of ADCs

vary significantly from those of small molecule

entities. Depending on the linker chemistry, in vivo

de-conjugation of ADC can take place in the systemic

circulation yielding lower drug-antibody ratios. In

addition, the production of the ADC can also lead to

certain degree of heterogeneity resulting from differ-

ent drug-antibody ratios which can affect its pharma-

cokinetics profile (Perez et al. 2014). Therefore, often

a combination of ELISA and LC–MS/MS are used to

Biotechnol Lett (2016) 38:1655–1664 1661
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quantify the payload, mAb, possibly the linker (e.g., if

novel or first-in-class), linker-drug combination, and

ADC levels in the systemic circulation during pre-

clinical and clinical development (Liu et al. 2015).

Other drug metabolism-related experiments, such as

reaction phenotyping, passive/active transport, cyto-

chrome p450 inhibition/induction, plasma protein

binding, and in vitro plasma or serum stability, should

be considered on a case-by-case basis (Kraynov et al.

2016). In addition to safety assessment studies (Don-

aghy 2016), an immunogenicity screening assay to

detect anti-drug antibodies (ADAs) using an appro-

priate assay cut-point, domain specificity characteri-

zation, and a neutralizing Ab assay need to be

designed and validated (Hock et al. 2015).

Adverse events and resistance mechanisms

An adverse event is any unfavorable experience

related to the use of a medical product. The Common

Terminology Criteria for Adverse Events (CTCAE)

contains a grading scale for severity of an adverse

event. The CTCAE recommends Grades 1 through 5

with specific clinical description where 1 is considered

mild and 5 is death related to an adverse event. Grades

2, 3, and 4 are considered moderate, severe, and life-

threatening, respectively. In general, the determinants

of ADC-related adverse events could originate from

four distinct entities, payload (e.g., off-target), mAb

(e.g., non-antigen mediated uptake, cross-reactivity,

target-induced), normal cell or the so-called ‘‘by-

stander toxicity’’, linker (e.g., stability issues), and/or

product attributes (e.g., drug-antibody ratio, formula-

tion) (de Goeij and Lambert 2016). Currently, the most

common ADC-related adverse events are also

observed with some of the standard Ab monotherapies

(Hansel et al. 2010), such as thrombocytopenia

(platelet count of lower than 150,000 per microliter

of blood), neutropenia (neutrophil count of less than

1500 per microliter of blood), fatigue, liver toxicity,

and nausea, with increase in severity at the maximum

tolerated dose.

Similar to small molecule therapeutic agents and

mAbs, ADCs also have to face innate or acquired

resistance, the mechanisms of which are not fully

understood (Diamantis and Banerji 2016). Contribut-

ing factors to ADC resistance include target antigen

down-regulation, inefficient internalization of the

complex, drug efflux proteins (e.g., matansinoids are

substrates of MDR1 p-glycoproteins), defective intra-

cellular trafficking of the ADC, tumor heterogeneity,

and upregulation of ADC recycling to the cell surface

(Barok et al. 2014). Several possible strategies are

under evaluation to improve efficacy and ameliorate

ADC resistance. These include combination therapy,

linker modification to minimize MDR1-mediated

resistance, combination of multiple types of payload

per and mAb (Shefet-Carasso and Benhar 2015).

Conclusions

There is renewed interest in the development of ADCs,

with[ 40 currently in clinical development (Donaghy

2016; Schumacher et al. 2016). Up to now, approved

ADCs have been confined to the oncology therapeutic

area, but this therapeutic type may also show promise

in inflammatory and infectious diseases in the future.

Currently, there are two established ADC technolo-

gies, as practiced by Seattle Genetics and Immunogen,

but more controlled approaches to couple new payload

molecules, new linker technologies, and site-specific

attachment will lead to narrower drug-antibody ratio

distribution, superior efficacy, and lower toxicity. In

some instances, lack of efficacy due to low receptor

occupancy, poor tumor penetration, low target antigen

expression, T-cell response induction, and/or antigen

mutation(s) remain to be fully addressed (Scott et al.

2012). Use of in-house manufacturing facilities or

partnerships with qualified contract manufacturing

organizations will demand closer scrutiny due to the

handling of high-potency active pharmaceutical ingre-

dients and specific conjugation chemistry.
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