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Advancing Therapeutic Solutions with Antibody-drug 
Conjugates (ADCs)

As promising therapeutic agents for 
treating oncology indications, antibody-
drug conjugates (ADCs) have become 
prominent in the biopharmaceutical 
market in recent years. The approval of 
the first ADC in 2000 by the Food and 
Drug Administration (FDA) to treat acute 
myeloid leukaemia prompted a move in 
the oncology space toward a targeted 
cancer therapy.1 As of June 2023, 11 ADCs 
are available on the market, having gained 
the FDA approval for treating a range of 
cancers, including leukaemia, lymphoma, 
and cervical and ovarian cancer.2 With the 
global ADC market valued at $8.6 billion 
in 2022, and forecast to reach $23.9 billion 
by 2032, research into this promising drug 
method will continue to transform the 
therapeutic landscape.3 However, the 
complexity of ADCs means their design, 
development, and manufacturing are 
multifaceted, with many challenges 
that must be overcome to successfully 
deliver these therapies to the patients 
who need them. 

In this article, Louise Duffy, Chief Technical 
Officer (CTO), and Campbell Bunce, Chief 
Scientific Officer (CSO) at Abzena, explore 
how innovation in the biopharma sector 
is driving the development of novel ADCs 
to treat indications beyond cancer. They 
also examine the difficulties that drug 
developers and manufacturers must 
overcome to ensure the ADC development 
and manufacturing success. 

Constructing an ADC
ADCs contain three separate components, 
including:1
•	 The antibody: Traditionally a monoclonal 

antibody (mAb), this part of the ADC is 
key to specifically binding the target 
antigen with high binding affinity.

•	 The linker: This component connects 
the toxic payload to the antibody. 
Ensuring that it remains bound during 
circulation, the linker is specifically 
designed to maintain the stability 
of ADC in circulation and release the 
payload at the target site. A cleavable 
linker will take advantage of the 
environmental differences between the 

systemic circulation and the tumour 
cells to accurately release the drug. 
Alternatively, a non-cleavable linker 
will rely on the catabolic digestion of 
the whole ADC by proteases to release 
the payload. 

•	 The toxic payload: These highly potent 
materials (HPAPI) exert cytotoxicity onto 
the cells targeted.

The design of these innovative therapies 
demands extensive teamwork and innovation 
across various disciplines and areas of 
expertise, to ensure the ADC is designed for 
optimal function and stability while enabling 
scalability, manufacturability, intellectual 
property, and funding.

Navigating the ADC Development
ADCs represent a promising option when 
developing drugs for oncology. As a result of 
the rising interest in this drug method within 
the biopharmaceutical sector, there are 
currently over 100 ADCs in clinical trial studies.4 

The design and development of ADCs 
begins following the identification of a 
suitable molecular target. Typically, the drug 
target is chosen based on its differential 
expression on the cells of interest, e.g. tumour 
cells that will allow them to be pinpointed by 
the ADC. Drug developers will then conduct 
a comprehensive evaluation of the safety 
implications of aiming at that particular target 
or pathway before initiating ADC design. 

In addition to the careful design of each 
element, the assembly of all components is 
a key part of the ADC development and will 
significantly impact the drug performance. 
The antibody, the linker and the payload, all 
three elements need to be brought together 
in a way that produces an optimal form of the 
ADC, one that is stable, can be manufactured 
at scale, and is capable of delivering the 
required therapeutic effect safely. The key 
to achieving this is considering the target 
product profile (TPP) of the final ADC product 
when designing each element. As a result, the 
developers with a holistic overview of the 
end objective from the earliest development 
stages are best positioned for success. 

Developing and optimising an ADC will 
rely on the testing of various linker designs, 
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payloads, antibody-to-drug ratios, and 
conjugation modalities using biopsy, and both 
in vitro and ex vivo systems. From this matrix 
design approach, the developers can identify 
a promising lead candidate and progress it 
through the development pipeline. 

Overcoming Challenges in the ADC 
Development
With many factors to consider, navigating the 
ADC development is often highly complex, 
presenting many challenges that must be 
overcome to successfully deliver these 
innovative therapies to patients, and these 
include: 

•	 Handling Toxic Payloads
The payload of the ADC is often 
inherently toxic, designed to induce a 
therapeutic effect such as the killing of 
cancer cells upon release at the target 
site. The development and manufacture 
of these materials can therefore pose a 
significant risk to the operator, which 
increases as the process is scaled. 

•	 To mitigate these risks and remain 
compliant with good manufacturing 
practice (GMP), the ADC developers and 
manufacturers must utilise specialised 
facilities. These facilities often use 
containment strategies and equipment 
to form a barrier between the individual 
and the compound, maintaining the 
material within the defined operational 
exposure limits. In addition, the ADC 
producers will also need to introduce 
and continuously re-evaluate rigorous, 
well-defined safety processes, to ensure 
the safety measures remain compliant. 

•	 Eliminating Analytical Bottlenecks
Analytical expertise and specialist 
equipment is essential to generate vital 
information to drive the development 
forward, allowing ADC producers to gain 
insight into component characteristics, 
stability, toxicity, and activity throughout 
development. With this information, 
developers can identify the best-suited 
elements to progress through to the 
conjugation stage to form the final ADC. 
However, inefficient method develop-
ment can result in process bottlenecks, 
where waiting for the data regarding one 
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component can stall the development 
of the next. 

Effective ADC development therefore 
requires effective coordination between 
all the development teams. With access 
to varied expertise and specialised 
equipment, the teams involved can 
better coordinate their efforts to main-
tain timelines and ensure the objectives 
are met.

•	 Determining Conjugation Accuracy
Selecting the best conjugation technology 
is essential in ADC development, deter-
mining the mode and extent of the release 
of the payload. When administered to a 
patient, a poor selection of a conjugation 
technology could result in the release of 
the payload in the periphery, generating 
off-target effects. Therefore, careful 
design and selection instils precision, 
enabling the accurate delivery of the drug 
to the target site. This not only increases 
therapeutic efficiency but also reduces 
systemic toxicity. 

Designed with Patients in Mind
Meticulously reviewing the TPP at the earliest 
point of development means that the patient 
is considered at every step of the ADC 
production. This provides the opportunity 
to apply a holistic approach to the ADC 
design and development, with developers 
considering the patient population and 
the context of the disease throughout the 
process. It also provides an opportunity to 
revise the TPP as data is generated to ensure 
that patients benefit throughout. 

In addition to the therapeutic benefits, 
having a holistic understanding of the ADC 
development and manufacturing process 
ensures the production speed is taken 
into consideration. The biopharmaceutical 
industry is under significant time pressure 
to deliver essential medicines to patients. 
While considering the best development 
strategy, having a well thought through TPP 
ensures that objectives are seamlessly met, 
and the treatments are delivered to patients 
swiftly. 

Looking to the Future of ADCs
ADCs are proven oncology treatments, having 
shown their ability to treat various cancer 
types. However, innovation is needed to drive 
the next generation of therapies and improve 
available cancer treatments for patients. The 
biotech industry is increasingly harnessing bi- 
and tri-specific antibodies in ADCs to increase 
precision for more accurate drug delivery.5,6 

With ADCs having gained recognition for 
treating cancer alone, the potential of these 
therapeutics for treating disease indications 
beyond oncology is an area of significant 
potential. 

Recent innovations in delivering peptides 
to a target using ADCs are providing 
developers with the opportunity to tackle 
a broader range of clinical indications in 
need of more effective therapies. The use 
of non-toxic, novel payloads provide an 
alternative way to influence particular 
disease pathways. 

Immunological developments are also 
enhancing ADC capabilities. By enabling 
the delivery of toxic immune stimulators 
to specific targets, innovative new ADCs 
can produce a localised immune response 
avoiding widespread adverse reactions.

ADCs as Advanced Therapeutic Solutions
Since their approval, ADCs have been used as 
treatments for various cancer types. However, 
navigating the ADC development is a complex 
process and developers need to overcome 
several challenges to successfully design and 
manufacture all three elements required – the 
antibody, the linker and the payload. 
 

With an effective strategy in place that 
considers the toxicity and the operator 
safety, harnesses seamless and integrated 
technical expertise and working practices, 
and selects the best technology and approach 
to use, ADCs can be effectively and efficiently 
developed. 

Only with continuous innovation, ADCs 
will proceed with transforming the bio-
pharmaceutical sector, providing patients with 
broader treatment options. As the industry 
continues to advance, the ADC pipeline will 
evolve to encompass more diverse, hard to 
treat disease indications, both within and 
beyond oncology.
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