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A–D ConjugAtes  TECHNOLOGY

The Next Step in Homogeneous 
Bioconjugate Development
Optimizing Payload Placement and Conjugate Composition

by Abhijit S. Bhat, Gregory Bleck, and David Rabuka

B ringing a new biologic drug to 
market is a long and expensive 
process, with research and 
development (R&D) cycles 

that can span up to 15 years and may 
cost over a billion dollars. Biologic 
drug development also involves 
significantly more complex 
manufacturing and CMC components 
than does development of small 
molecules. Nonetheless, the 
pharmaceutical industry is increasingly 
shifting its R&D efforts to focus on 
biologic drugs. According to a recent 
report from Tufts Center for Study of 
Drug Development, the number of 
clinical trials involving biologic drugs 
has risen by over 155% from 355 in 
2001 to more than 900 in 2012 (1). 
The same report reveals that biologics 
accounted for 71% of revenue from the 
world’s top-10 selling drugs in 2012 
compared with a mere 7% in 2001. 
Worldwide sales of biologic drugs 
increased from US$36 billion to 
$163 billion during the same period.

Biologic drugs represent 
tremendous investment value for the 
pharmaceutical industry. They provide 
highly differentiated therapeutic 
options for difficult-to-treat diseases 
and thus can command higher prices 
while remaining less susceptible to 
cheaper generic competition than 
classical drugs are. The top three 
product categories in biologics are 
monoclonal antibodies (MAbs), 
vaccines, and recombinant proteins — 

accounting for 37%, 27%, and 10% 
(respectively) of the total biologic 
medicines in development. 
Bioconjugation has been implemented 
in successful drugs from each of those 
product classes (2).

Bioconjugation strategies involve 
covalently linking a protein or peptide 
(biologic) with a small molecule, 
carbohydrate, oligonucleotide, 
synthetic polymer, or another protein/
peptide. This approach can be crucial 
to create differentiation and drive 
product development in the highly 
competitive biologics market. These 
strategies were fundamental to 
development of highly successful 
conjugate vaccines such as Prevnar 13, 
Menactra, Menomune, and 
HibTITER. Those four were created 
by conjugating bacterial 

polysaccharides to immunogenic 
carrier proteins (3). Similarly, 
bioconjugation to half-life–extending 
polymeric carriers such as polyethylene 
glycol (PEG) is applied to create drugs 
— e.g., certozilumab (Cimzia), 
pegfilgrastim (Neulasta), and 
pegvisomant (Somavert) — that have 
longer duration of action than their 
unconjugated counterparts and dosing 
regimens that facilitate patient 
compliance (4).

Bioconjugation is the bridge that 
enables a combination of precise 
targeting and long half-lives of 
MAbs with the cytotoxic killing 
power of high-potency toxins to 
create a new class of drugs called 
antibody–drug conjugates (ADCs). 
Two recent ADC approvals — 
brentuximab vedotin (Adcetris) for 

Figure 1: Schematic of lysine and cysteine conjugates and their expected DAR profiles.
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Hodgkin’s and anaplastic large-cell 
lymphomas and ado-trastuzumab 
emtansine (Kadcyla) for HER2-
positive breast cancer — have 
provided validation for the ADC 

concept and fueled intensive R&D in 
all aspects of ADC research (5).

ADCs have breathed new life into 
the oncology-targeted MAb market. 
Presently, nearly 40 different ADCs 

are in clinical development for 
treatment of both solid and blood-
borne cancers (6). The choice of 
conjugation chemistry is key to 
efficacy, disposition, and toxicity of 
ADCs, which has spurred 
development of next-generation 
bioconjugation methods. Herein we 
highlight significant developments in 
bioconjugation methods that can drive 
creation and selection of optimal 
ADC molecules while aiding 
manufacturing and characterization of 
these complex bioconjugates.

First-generAtion ADCs

An ADC consists of a MAb 
connected to a cytotoxic payload by 
means of a chemical linker. The 
combination of those two historically 
successful therapeutic classes of 
molecules should provide a drug that 
is greater than the sum of its parts. 
From an antibody perspective, 
combination with a cytotoxic agent 
can significantly enhance potency and 
tumor-killing potential (increased 
efficacy). From a cytotoxin 
perspective, combination with a 
targeted antibody can increase 
selective delivery to tumor cells while 
minimizing exposure to normal, 
healthy tissue (which increases safety 
and tolerability). 

The choice of linkers and 
conjugation chemistry for making 
first-generation ADCs was dictated by 
limitations of working with proteins. 
Thus, linkers were functionalized 
with reactive groups designed to 
specifically react with surface-
accessible nucleophilic amino-acid side 
chains belonging to native amino acids 
such as cysteine (thiol) or lysine 
(amine) (Figure 1). 

Lysine Technology: Linkers bearing 
active esters — e.g., 
N-hydroxysuccinimide or 
sulfosuccinimide — readily react with 
solvent-accessible lysine residues on an 
antibody backbone. However, because 
~80 reactive lysines are available for 
chemical elaboration, precise control 
of the conjugation site is not possible 
with that technology. On average, 
lysine-directed conjugations result in 
heterogeneous mixtures containing 
ADC molecules bearing as few as zero 

Antibody–drug conjugates (ADCs) are 
complicated compounds. A protein 
element (the antibody) binds a relevant 
antigen, ideally targeting a tumor cell. 
Payloads (the synthetic drug) are often 
cytotoxic molecules and tend to be water 
insoluble. These are combined with a 
linker component that must be stable 
but allow for release of the payload once 
the ADC has reached its target but not 
before. It will be internalized and moved 
to the lysosome, at which point the 
protein is degraded and the payload is 
released to kill the cell.

Possible future directions of ADC 
development may follow these paths: site 
specificity, programmable payload 
placement, novel conjugation chemistry 
and cytotoxin linkers, and manufacturing. 

Site Specificity: To create site-specifically 
modified conjugates involving specific 
(regions) or chemical handles requires 
novel conjugation approaches. A number 
of companies are developing novel 
conjugation approaches with the idea of 
producing homogeneous products (in 
composition and matter) with uniform 
payload doses. Ideally, the chemistry you 
use would not involve off-target protein 
reactivity; it would react only at the site 
where you’ve directed it to happen.

Programmable Payload Placement: 
We want to not only make homogeneous 
molecules, but also be able to conjugate 
proteins at different, specific regions. Our 
company and others are performing 
structural–activity relationship studies of 
conjugates and showing that how 
payload and antibody are combined 
affects the efficacy and pharmacokinetics 
(PK) of a conjugate. You do not want to 
be location limited; you want to be able 
to conjugate in a variety of different 
places and test the results. 

Novel Chemistries and Linkers: For 
enabling access to new payloads and 
helping to ensure that conjugates are 
stable, many companies are researching 
novel conjugation chemistry and 
cytotoxin linkers. 

ADC Production: Cost of goods (CoG) is 
significant in making complicated 
molecules, so many companies are 
thinking about how to make interesting 

ADCs that are site-specific and 
homogeneous but as cost effective as 
possible. Traditionally, conventional 
conjugation chemistries are primarily 
targeted to naturally occurring amino 
acids in polypeptides. For example, a 
number of different chemistries react 
with lysine and cysteine. But the 
underlying peptide sequence leads to a 
heterogeneous mixture, making control 
over the site of conjugation and 
stoichiometry difficult. 

That has been a hurdle for ADC 
development. Product heterogeneity 
causes three big problems: toxicity due to 
clearance of overconjugated antibodies, 
first-pass liver metabolism (and associated 
hepatoxicity), and linker instability. We 
need to eliminate that kind of toxicity. 
Variable potency follows as well. In a 
heterogeneous mixture, antibodies that 
aren’t conjugated (or are 
underconjugated) will occupy cell-surface 
antigens without delivering the drug. 
Overconjugated material creates PK 
liabilities with less-than-desirable 
exposure times. Chemistry, manufacturing, 
and control (CMC) issues also arise.  Lot-to-
lot reproducibility becomes very difficult 
with heterogeneous chemistries. This 
necessitates the expense of challenging 
analytics and complex manufacturing 
processes. 

For many companies, site specificity 
could be the solution to these problems. 
A bioorthogonal chemical handle (one 
with a unique activity profile relative to 
all other chemical functionality you 
would find on a protein surface) 
specifically reacts in these new 
chemistries to generate site-specifically 
modified conjugates. As the field moves 
forward, we should be able to anticipate 
more simplified analytics. Improved 
conjugation methods should provide 
more stable conjugates. New 
noncleavable linkers will be key 
components of future ADCs, increasing 
solubility and stability by building in 
chemical elements that should improve 
efficacy and toxicity profiles. New 
payloads may be more potent with 
different modes of action. These will be 
the next generation of biotherapeutics.

Future DireCtions in ADC Development                  by DAviD rAbukA
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and as many as eight drug molecules 
per antibody. Peptide-mapping 
experiments have revealed that 
conjugates can be detected with 
attachment occuring at ≤40 lysine 
residues spanning both the heavy and 
light chains (7). Nonetheless, this 
method has proven useful in creation 
of the Kadcyla product mentioned 
above along with a number of other 
ADCs currently in different stages of 
development. 

Cysteine Technology: Thiols in 
native cysteine residues are usually 
tied up in pairs of disulfide bonds and 
not available for conjugation. 
However, treatment of an antibody 
with reducing agents such as 
dithiothreitol (DTT) or tris(2-
carboxyethyl) phosphine (TCEP) can 
break those disulfide bonds and 
expose free thiols, which then can be 
readily conjugated with maleimide-
containing linkers (Figure 1) (8). Up 
to four interchain disulfide bonds can 
be reduced, thereby exposing up to 
eight reactive thiol groups for 
conjugation. Conditions developed for 
thiol chemical conjugation lead to 
either complete or partial reduction of 
disulfide bonds, and conjugates made 
using this method can contain either 
zero, two, four, six, or eight drugs per 
antibody molecule (9). 

It is important to note that beyond 
the number of drugs per antibody 
molecule, another level of 
heterogeneity comes from the site of 
conjugation. Thus, an ADC with a 
specific drug-to-antibody ratio (DAR) 
generated by cysteine conjugation is 
still a heterogeneous mixture of 
conjugates with different sites of 
conjugation. However, it is fair to say 
that because only eight sites are 
available for cysteine conjugation 
(compared with up to 80 available for 

lysine-directed chemistries), the 
cysteine conjugation approach provides 
greater control over the site of 
conjugation, facilitating better 
characterization. The controlled 
reduction–alkylation strategy has been 
used successfully for making the 
approved Adcetris product along with 
a number of other ADCs currently 
undergoing clinical trials (10).

Stoichiometry: In 2004, researchers 
at Seattle Genetics studied the in vivo 
effects of ADCs targeting CD30+ 
tumor cells — with two, four, and 
eight monomethyl auristatin E 
(MMAE) toxins per antibody 
molecule — and demonstrated for the 
first time that the stoichiometry of 
drug loading significantly influenced 
the drug’s pharmacokinetics (PKs), 
efficacy, and toxicity (11). Hamblett et 
al. found that in their system, ADCs 
with four drugs per antibody were 
more potent than those with two but 
had comparable efficacy and better 
tolerability than those with eight 
drugs/antibody. The results indicated 
that, in general, ADCs with higher 
drug loadings have greater clearance, 
more efficacy, and increased toxicity. 
That implied that each ADC would 
have an optimal drug loading with the 
right balance of efficacy and toxicity. 

That seminal work established the 
concept that the DAR is a key design 
parameter for ADCs. It became 
apparent that chemical conjugations to 
native cysteine or lysine residues 
would be suboptimal because they 
produce heterogeneous ADC 
mixtures. Heterogeneity comes from 
differences in DAR and conjugation 
sites, resulting in ADC 
subpopulations that may be less 
potent, more toxic, and have differing 
disposition and PK properties. In 
addition, analytical characterization 

and controlling batch-to-batch 
variability during manufacturing 
remains a significant challenge with 
such nonselective conjugation 
methods. To overcome those 
limitations, the concept of site-specific 
conjugations has evolved, initially with 
a goal of producing homogeneous 
ADCs and controlling DAR and sites 
of conjugation. 

the Quest For  
homogeneous proDuCts

Site-Specific Conjugation with 
THIOMABs — a New Era in ADC 
Conjugation: The pioneering work 
describing the first site-specific 
conjugation was reported by 
Genentech, who together developed 
methods to engineer reactive cysteine 
residues at specific positions on an 
antibody and use them for conjugation 
without affecting the native interchain 
disulfide bonds (12). Antibodies with 
those reactive cysteine residues were 
referred to as THIOMABs, so their 
ADCs were called THIOMAB–drug 
conjugates (TDCs) (Figure 2). 

Jununtula et al. compared the 
properties of an ADC directed 
against ovarian cancer antigen 
MUC16 prepared by conventional 
cysteine conjugation to MMAE with 
a TDC using the same antibody–
payload combination (12). They 
reported that, even though the TDC 
carried half the amount of cytotoxic 
payload, it was as potent and 
efficacious as the ADC in both in 
vitro and in vivo models. An 
impressive finding was that the TDC 
was much better tolerated by both 
rats and cynomolgus monkeys than 
was the conventional ADC, which 
demonstrates that an improved 
therapeutic index was achieved with 
the site-specific conjugation method. 

Work by Seattle 
Genetics in 2004 
established that  
drug-to-antibody  
ratio (DAR) is a KEY 
design parameter  
for ADCs.

Figure 2: Site-specific THIOMAB conjugation and its expected DAR profile
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The same team has also reported 
that a TDC version shows comparable 
efficacy and improved safety over 
trastuzumab emtansine, an ADC 
made using conventional lysine 
conjugation of a HER2-targeting 
antibody with a maytansine payload 
(13). As reported in 2013, an industry–
academic collaboration led by Seattle 
Genetics incorporated engineered 
cysteine residues in an anti-CD70 
MAb heavy chain and used it to 
conjugate extremely hydrophobic 
payloads. The resulting ADCs had 
uniform drug loading, lower 
aggregation, and an overall superior 
profile compared with those made 
using conventional cysteine 
conjugations in the reduced hinge 
regions (14).

Continued work with 
THIOMABs at Genentech has 
revealed another fundamental 
concept: Not only is ADC 
homogeneity key to improved 
biophysical and therapeutic 
properties, but the actual site of 
conjugation on the antibody 
backbone also has a major inf luence 
on in vivo behavior of an ADC 
molecule. Shen, et al., made multiple 
homogeneous TDC conjugates with a 
HER2-targeting antibody using a 
MMAE payload, wherein the 
engineered cysteine for conjugation 
was located in either the light chain 
(LC), heavy chain (HC), or Fc region 
of the antibody (15). All conjugates 
demonstrated comparable in vitro 
potencies, but the authors report 
significant differences in their in vivo 
efficacy and PK properties. The LC 
conjugate demonstrated the greatest 
efficacy when studied in a mouse 
xenograft model, in which the HC 
conjugate had moderate and the Fc 

conjugate had little to no activity. A 
mouse PK study revealed a similar 
trend with the LC conjugate 
demonstrating the greatest stability 
and lowest clearance followed by the 
HC conjugate, and the Fc-conjugated 
ADC was cleared fastest and 
provided the lowest ADC exposure 
(15). These results were attributed to 
differences in the local 
microenvironment and solvent 
accessibility contributing to 
differential stability of the linker 
system at different sites.

more thAn just 
homogeneous ADCs

Early THIOMAB studies served as a 
catalyst for developing several 
promising site-specific bioconjugation 
methods in the quest for making 
homogeneous ADCs (Table 1, Figure 
3). All these methods can deliver 
homogeneous ADCs relative to the 
first-generation lysine and cysteine 
conjugations, but only a subset of 
these technologies offer greater 
versatility in finding the optimal 

conjugation site for a given antibody–
payload combination. Those include 

• Genentech’s THIOMAB 
technology

• conjugation by nonnatural amino 
acids (nnAAs) introduced by genetic-
code modification at Ambrx, Sutro 
Biopharma, and Allozyne (16, 17) 

• transglutaminase (TG) mediated 
conjugations to engineered glutamine 
tags by Pfizer’s Rinat group (18)

• conjugations with aldehyde-
tagged antibodies generated by a 
coexpressed formylglycine-generating 
enzyme (FGE) at Redwood Bioscience 
(19). 

Those methods take advantage of 
protein engineering to move 
conjugation sites across different 
regions of an antibody and enable a 
true exploration of how conjugation 
sites determine the properties of 
ADCs. Recent studies at multiple 
laboratories, using distinct ADCs and 
different site-specific conjugation 
methods, give more credence to the 
idea that the site of conjugation 
determines the in vivo performance of 
an ADC molecule. Because such 
methods rely on protein engineering, 
they readily allow creation of 
homogeneous ADCs with DARs >2 
when desired. 

nnAA Incorporation: Several groups 
have developed recombinant protein 
expression systems with designed 
transfer ribonucleic acid synthetase 
pairs (tRNA–tRNA) that can 
incorporate nnAAs with 
bioorthogonal reactive “handles” onto 
any desired location on an antibody 
backbone. The reactive handles on 
such nnAAs serve as sites of 
conjugation to create site-specific 
ADCs (Figure 3a). Working with 
academic collaborators, Ambrx has 

Table 1: Site-specific, next-generation conjugation technologies

Conjugation Technology Companies Involved
Flexible conjugation 
sites through 
engineered residues; 
SAR opportunity to 
select optimal site

Engineered cysteines to conjugate with maleimide linkers Genentech, Seattle Genetics
Nonnatural amino acids (NNAAs) that conjugate via oxime formation or click reaction Ambrx, Sutro, Calibr, Allozyne
Transglutaminase catalyzed amidation with engineered glutamine tags Rinat/Pfizer
Hydrazino linkers that react with aldehyde tagged antibodies Redwood Bioscience

Fixed conjugation site to 
native residues; no SAR 
option to select 
conjugation site

Conjugation to native glycans using oximes or click chemistry Synaffix, Sanofi
Hinge region cysteine conjugation with dibromomaleimides Igenica
Hinge region cysteine conjugation with bis-sulfone reagents Polytherics
Transglutaminase catalyzed amidation on native glutamine residues Innate

Recent studies at 
multiple laboratories 
using distinct ADCs 
and different site-
specific conjugation 
methods give more 
credence to the idea 
that the site of 
conjugation 
DETERMINES the 
in vivo performance 
of an ADC molecule.
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successfully incorporated p-acetyl 
phenyl alanine (pAF) in multiple 
antibodies using mammalian 
expression systems, then used the aryl 
ketone side chain of pAF to conjugate 
toxins via oxime bonds (16). Ambrx 
and Agensys have shown with 
multiple examples that ADCs with 
pAF NNA generally have comparable 
efficacy but improved PK and safety 
than either engineered or conventional 
cysteine-conjugated ADCs (20, 21). 
The authors attribute that to improved 
stability of the aryl oximes relative to 
maleimide thioethers in cysteine 
ADCs. 

Tian et al. showed that the site of 
conjugation can have a dramatic effect 
on stability of NNA ADCs with 
protease-cleavable linkers (20). They 
found that in a 72-hour stability study 
using rat plasma, the ADC sheds 
about six times more payload when 
conjugated at position 115 in the 
heavy chain than when the 
conjugation is just one amino acid 
away at position 114. Sutro Biopharma 

reported incorporation of nnAA with 
an azide side chain into antibodies 
produced in a cell-free expression 
system (17). The azide handle was 
used to conjugate toxin payloads using 
either copper-catalyzed or copper-free 
“click” chemistry. Expression within a 
cell-free expression system can 
facilitate rapid exploration and 
characterization of various sites. 
Zimmerman et al. reported scanning 
more than 200 sites to find the 
optimal sites (offering the best 
conjugation efficiency and biological 
properties) for incorporation of nnAA 
(17). Rates of conjugation and stability 
of the triazole adducts are reportedly 
superior to oxime conjugates (22).

Transglutaminase Conjugations: 
Transglutaminase (TG) is an enzyme 
that catalyzes amide bond formation 
between a glutamine (Q ) amino-acid 
side chain (acyl donor) and a primary 
amine (acyl acceptor). It has been used 
for making ADCs through 
conjugation of specific glutamine side 
chains with amine-functionalized 

linkers and payloads (Figure 3b) (23). 
Jeger and Shibli showed that TG does 
not modify natural glutamine residues 
in an antibody backbone but that, in 
deglycosylated antibodies, Q295 can 
serve as a substrate for TG for 
conjugation (24). Two research groups 
have used that observation to create 
site-specific ADCs through 
TG-mediated conjugation at natural 
Q295 or engineered N297Q mutants 
in the Fc region of antibodies (24–26). 

Those TG conjugation methods 
limit the site of conjugation to the 
fixed residues. But Strop, et al., 
identified a short glutamine-
containing tag (LLQG) that served as 
a TG substrate, then incorporated it 
into 90 surface-accessible locations 
across an antibody backbone and 
tested those sites for conjugation with 
an amine-linker–functionalized 
payload (26). This Rinat group 
identified 12 sites distributed across 
different antibody domains that 
showed efficient conjugation, and they 
were able to make ADCs with both 
cleavable and noncleavable linkers and 
with diverse payloads. The researchers 
studied the effects of conjugation site 
by comparing ADCs with two distinct 
sites, one with heavy-chain (HC) 
conjugation and one with a light-chain  
(LC) conjugation site. The authors 
reported that both those ADCs were 
comparable in efficacy but better in 
safety and tolerability than a 
conventional ADC. As with the 
nnAA and THIOMAB conjugates, 
TG conjugation also demonstrated 
that the site of drug loading can 
significantly affect antibody PKs and 
linker stability because ADCs with 
conjugation at HC seemed to have 
faster clearance. That effect became 
more pronounced in rats than in mice. 
The TG conjugation process is 
scalable and compatible with multiple 
payloads, it forms generally stable 
amide bonds in conjugates, and it 
requires no nnAA incorporation.

Aldehyde-Tagged Antibodies 
(SMARTag Technology): Redwood 
Bioscience has pioneered a novel 
chemoenzymatic approach that uses 
the naturally occurring formylglycine-
generating enzyme (FGE) to 
introduce a formyl glycine (fGly) 

Figure 3a: Site-specific bioconjugation approach for generating ADCs with unnatural amino-acid 
incorporation
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residue onto protein backbones that 
serves as a handle for site-specific 
conjugation (19). This method enables 
us to undertake a structure–activity 
relationship (SAR) study at the 
conjugate level and design site-specific 
ADCs with excellent potency and 
improved safety (27). Unlike the 
transglutaminase approach, the 
enzyme is used to create the 
conjugation handle in this case rather 
than catalyze the conjugation process. 
As a result, that chemoenzymatic 
reaction can be integrated into the 
process of antibody expression, which 
eliminates the need for using enzymes 
or protein-modifying agents during 
conjugation process. 

To install fGly, a short consensus 
sequence — CXPXR, where X is 
usually serine, threonine, alanine, or 
glycine — is inserted at a desired 
location in the conserved regions of 
antibody heavy or light chains using 
standard molecular biology techniques. 
The resulting tagged construct is 
produced recombinantly in cells that 
coexpress FGE, which cotranslationally 
converts the cysteine within the tag 
into an fGly residue. That generates 
antibodies expressed with two aldehyde 
tags per molecule. The unique 
reactivity of the fGly is exploited to 
conjugate a cytotoxic payload through a 
Hydrazino-iso-Pictet-Spengler (HIPS) 
ligation that forms a stable carbon–
carbon bond between payload and 
antibody (Figure 3c). 

SMARTag technology has been 
used to create site-specific ADCs in 
which a maytansine payload was 
conjugated to different locations on an 
aldehyde tagged HER2 antibody. 
Serum stability experiments reveal 
that the HIPS chemistry seems to be 
less susceptible to protein 
microenvironment at different 
conjugation sites because the 
conjugation results in a carbon–carbon 
bond. However, the different 
conjugation sites influence the rate of 
conjugation, PK behavior, and efficacy 
in tumor xenograft models. 
Immunogenicity potential of 
antibodies with different tag 
placements and conjugation sites (as 
measured by an EpiScreen T-cell 
epitope mapping assay from Antitope, 

an Abzena company) was similar to 
that of untagged native antibody. 

the Future oF  
site-speCiFiC ConjugAtions

The R&D process for ADC drug 
development is an extremely complex, 
multiparametric optimization 
challenge. Early studies involving 
different site-specific methods clearly 
show that such conjugations can 
generate homogeneous ADCs. That 
will not only help with the process, 
characterization, and chemistry, 
manufacturing, and controls (CMC) 
aspects of production, but it can also 
improve the ADC therapeutic index 
and drive clinical differentiation.

Although most ADCs currently in 
clinical development rely on 
conventional conjugation chemistries, 
the first wave of site-specific ADCs is 
starting to enter clinical testing. If the 
early programs deliver clinical success, 
that will provide an even stronger 
push to embrace site-specific 
conjugations as the appropriate 
method for making optimized ADCs. 
Multiple technology options are 
available for site-specific conjugation, 
and adoption of a particular method 
will ref lect a combination of 
commercial and technical 
considerations. 

Studies with technologies that offer 
the option of f lexible site-specific 
conjugations (THIOMAB, nnAA, 
TG, and aldehyde tagging) have 
firmly established that the site of 
conjugation significantly influences 
the pharmacological properties of an 
ADC. Thus it should be considered as 

a critical parameter in product design. 
Whereas it may seem that all this adds 
another criterion and complexity for 
ADC optimization, the ability to find 
an optimal site for a particular 
payload–antibody combination can be 
critical to the success of the program. 
As has been demonstrated, it can be 
easily implemented into preclinical 
research programs. It is likely to play a 
key role in the future of ADC 
development, making possible 
bispecific ADCs and helping 
companies develop ADCs for 
indications beyond oncology.
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