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Abstract An important step in cancer drug research and 
development is to generate molecules and agents with 
better outcomes for inhibition of cancer progression. To 
date, classic cytotoxic chemotherapy is one of the most 
frequent methods of treatment. Cytotoxic agents cur-
rently used frequently have severe side effects. Thus, cli-
nicians are forced to reduce the recommended dosage, 
or even avoid the extreme usage of these agents because 
they are nonselective and are distributed to healthy cells 
as well as cancer cells. Antibody drug conjugates (ADCs) 
are a new generation of drugs that consist of three parts: 
a monoclonal antibody (monoclonal antibodies), a small 
molecule, and a linker between the two. The use of this 
structure in research pipelines and recently in clinical 
practice is likely to achieve more precise and selective 
distribution and delivery of the cytotoxic agents to can-
cer cells. This review analyzes the structure of ADCs and 
the advantages of targeted chemotherapeutics. Possible 
methods of improvement are also discussed.
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The activity of a superabundance of chemical com-
pounds was evaluated against clinically significant 
pathways in cancer progression and increasing interest 
focused on novel quinazoline derivatives. Activity of the 
majority of new synthesized agents is usually evaluated 
by in vitro assays, using human cancer cell lines. For 
derivatives of quinazoline, the results exhibited moder-
ate to potent cytotoxic, antiinflammatory and antialler-
gic activity [1–4]. Lack of specificity of chemotherapeutic 
agents towards cancer cells is one of the crucial problems 
in cancer therapy that results in adverse side effects. One 
means to counter this, is to selectively deliver the drug to 
the cancer cell.

Human monoclonal antibody technology might be a 
successful strategy for the treatment of cancer. The first 
method for the production of hybridomas included 
humanized animal models, such as murine myeloma 
cell lines fused with human B cells. Due to their hetero-
geneity, these hybrids quickly lost the relevant human 
chromosome and further attempts at using this technol-
ogy have failed. Over the last few decades, a new gen-
eration of monoclonal antibody-based drugs have been 
developed using Fc part modifications and phage display 
methods, as well as Epstein-Bar virus transformation 
procedures. However, these have several disadvantages 
including loss of specific B-cells and IgM type antibody 
responses [5, 6].

A new class of therapeutic compounds, called anti-
body drug conjugates (ADCs), constitutes an increas-
ingly important step in clinical practice. The method of 
linking monoclonal antibodies with a small compound 
was described 100 years ago and is still being studied at 
present [7, 8]. The ADC method uses monoclonal anti-
bodies generated against a specific epitope, which are 
then linked with a small molecule such as a cytotoxic 
drug or usually a toxin [9].
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Highlighting the hallmarks of ADCs

The success of this new class of anticancer compounds is 
based on the formulation and manufacturing processes. 
Although ADC technology is not a new concept, only two 
drugs (Gemtuzumab ozogamicin, trade name Mylotarg®, 
targeting CD33 and conjugated with calicheamicin; Bren-
tuximab vedotin, trade name Adcetris®, targeting CD30 
(tumor necrosis factor receptor) and conjugated with 
Monomethyl auristatin E (MMAE)) have been approved 
by the Food and Drug Administration (FDA). Many other 
potential drugs are undergoing assessment for cancer 
therapy, either by the FDA and/or the European Medi-
cines Agency (EMA). Although the two agencies have the 
same principles and collaborate, they use different proce-
dures and distinct legislation when making assessments 
[10]. Both the FDA and EMA provide broadly comparable 
comprehensive postapproval guidance for the identifica-
tion, monitoring, and minimization of risk to patient safety 
with some differences in respective implementation tool-
kits. There is also an increasing tendency toward collab-
orative efforts between the two regulatory agencies in their 
approach to monitoring and minimizing risks for patients 
(Table  1). One example is that the two ADCs have been 
engineered by Immunogen; MGN388 can attach to an 
alpha-v integrin targeting antibody and IMGN901 (lorvo-
tuzumab mertansine) is a CD56-targeted ADC with effec-
tiveness against small cell lung cancer (SCLC), multiple 
myeloma, and ovarian carcinoma [11, 12]. Recently, a new 
ADC has been developed. Ado-trastuzumab emtansine 
(trade name Kadcyla®) consists of the monoclonal antibody 
trastuzumab (Herceptin®) linked to the cytotoxic agent 
mertansine (DM1). Trastuzumab alone stops the growth of 
cancer cells by binding to the HER2/neu receptor, whereas 
mertansine enters cells and destroys them by binding to 
tubulin. As the monoclonal antibody targets HER2, which 
is only overexpressed in cancer cells, the conjugate delivers 
the toxin specifically to tumor cells. In the EMILIA clinical 
trial of women with advanced HER2 positive breast can-
cer who were already resistant to trastuzumab alone, it 
improved survival by 5.8 months compared to the combi-
nation of lapatinib and capecitabine [13].

In addition to cytotoxic agents, radioactive substances 
are used to generate cytotoxic effects by selective and 
local radiation to cancer cells. Bexxar® (tositumomab) is 
a monoclonal antibody against the CD20 antigen conju-
gated with radioactive Iodine 131. Zevalin® (ibritumomab 
tiuxetan) is the same monoclonal antibody (anti-CD20) 
conjugated with Yttrium 90. Both complexes are used in 
refractory forms of non-Hodgkin lymphoma, especially 
after failure of therapy with rituximab where cancer cells 
still express CD20 antigen (Table 2).

Monoclonal antibody selection is the first crucial step 
in ADC design. It is highly important for the antigen to be 
expressed at high levels in the tissue of preference to min-
imize off-target toxicity, as well as to maximize the ADC 
binding percentage to the cancer cell locus [14]. Once 
the monoclonal antibody has been selected, it has to be 
linked covalently with a compound with a known effect 
against cancer cells. The majority of agents used in this 
procedure are small molecules, radioisotopes, proteins, 
or bacterially derived toxins with anticancer effects [15]. 
The bioconjugation process includes amine coupling 
of lysine amino acid residues (typically through amine-
reactive succinimidyl esters), sulfhydryl coupling of cys-
teine residues (via a sulfhydryl-reactive maleimide), and 
photochemically initiated free radical reactions, which 
have broader reactivity [16]. Furthermore, the develop-
ment of a linker that couples the selected cytotoxic agent 
to the monoclonal antibodies is one of the most funda-
mental steps in ADC generation. The molecule has to be 
sufficiently stable to allow the antibody to carry the toxic 
material to the cell of interest [17, 18]. Linkers are catego-
rized as cleavable and non-cleavable. A non-cleavable 
linker keeps the drug within the cell. As a result, the entire 
antibody, linker and cytotoxic (anticancer) agent enter 
the targeted cancer cell where the antibody is degraded 
to its constituent amino acids. The resulting complex—
amino acid, linker, and cytotoxic agent—now acts as the 
active drug. In contrast, cleavable linkers are catalyzed by 
enzymes in the cancer cell, where they release the cyto-
toxic agent [19, 20] (Fig. 1).

According to recent studies, ADCs need to be analyzed 
microscopically as well as macroscopically because they 

Table 1 Summary of the licensing status of the five mentioned ADCs (Adcetris®, Bexxar®, Zevalin®, Mylotarg® and Kadcyla®)

ADC name Approved by Applicant Pharmaco-therapeutic group 

(ATC code)European Medicines Agency Food and Drug Administrator

Brentuximab vedotin (Adcetris®) 25 October 2012 August 2011 Seattle Genetics Antineoplastic agents 
(L01XC12)

Tositumomab (Bexxar®) 10 January 2003 16 May 1994 Corixa Monoclonal antibody

Ibritumomab tiuxetan (Zevalin®) 16 January 2004 19 February 2002 Biogen IDEC Therapeutic radiopharma-
ceuticals (V10XX02)

Gemtuzumab ozogamicin 
(Mylotarg®)

24 January 2008 May 2000 Wyeth Europa Ltd, Huntercombe 
Lane South Taplow Maidenhead, 
Berks SL6 0PH United Kingdom

Monoclonal antibody 
(L01XC05)

Trastuzumab emtansine 
(Kadcyla®)

19 September 2013 February 2013 Roche Registration Ltd. Monoclonal antibody 
(L01XC14)

ADC antibody drug conjugates
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The clinical potential of ADCs has been greatly 
enhanced by improved choices of specific targets conju-
gated to highly potent drugs with improved stability. This 
has greatly expanded our knowledge of ADC cell biology, 
pharmacokinetics, and pharmacodynamics [21]. The engi-
neering of fully human monoclonal antibodies that have 
specific targets allow the mixture to target the cell directly, 
excluding almost all nonspecific binding. Thus, when the 
specificity of a monoclonal antibody for a target antigen 
is combined with the delivery of a highly potent cytotoxic 
drug, clinicians can achieve lower doses of the drug, and 
as a result, fewer side effects might occur in patients.

Conclusion

As hundreds of approaches and strategies have been 
developed to deplete cancer cells patients, a more effec-
tive model has to be developed. ADC technology includes 
the following key points: (a) well-characterized antigen 
target in malignant cells, (b) well-designed, fully human 

have complex molecular structures. The drug to antibody 
ratio may vary, and thus, methods such as mass spec-
trometry and ligand to epitope interactions should be 
used [21].

ADCs technology advantages

Currently, the majority of ADCs are under development 
or in clinical trials and are designed for oncological and 
hematological indications. This is primarily driven by the 
availability of monoclonal antibodies targeting various 
types of cancer antigens. The first crucial advantage of the 
usage of these heterogeneous mixtures is that potent and 
highly toxic agents acting against tumors can be deliv-
ered into the cells. Monomethyl auristatin E (MMAE), a 
synthetic antineoplastic agent, acts as an antimicrotu-
bule agent to human specific CD30-positive malignant 
cells. Recent studies demonstrated encouraging results 
when using MMAE in an ADC design with tumor initiat-
ing cells [20].

Table 2 Landmark studies of five ADCs (Adcetris®, Bexxar®, Zevalin®, Mylotarg® and Kadcyla®). A summary of information

Treatment ADCs’ efficacy Adverse effects

Brentuximab 
vedotin 
(Adcetris®)

Relapsed or refractory Hodgkin lymphoma 
and systemic anaplastic large cell lymphoma

In Hodgkin lymphoma: produced an objective 
response in 73 % of patients with a median duration 
of 6.7 months and complete remission in 32 % with 
median duration of 20.5 months

Hematologic, neurologic, and constitu-
tional with most frequent toxicities being 
neutropenia and peripheral sensory 
neuropathy

In anaplastic large cell lymphoma: produced an 
objective response in 86 % of patients with a me-
dian duration of 12.6 months, a complete response 
in 57 % with median duration of 13.2 months, and 
partial response in 29 % with median duration of 
2.1 months

Tositumom-
ab (Bexxar®)

Patients with CD20 antigen-expressing 
relapsed or refractory low-grade, follicular, or 
transformed NHL

In relapsed/refractory low-grade NHL an overall 
response was produced in 74 % of patients with 
a median duration of 8.9 months, as well as a 
complete response in 30 % with median duration of 
57.4 months

Severe and prolonged cytopenias, infec-
tions (including pneumonia, bacteremia, 
septicemia, bronchitis, and skin infec-
tions), serious allergic reactions (includ-
ing bronchospasm and angioedema), in-
fusion reactions, and secondary leukemia 
and myelodysplastic syndrome

Ibritumomab 
tiuxetan 
(Zevalin®)

Relapsed or refractory low-grade or follicular 
B cell NHL; previously untreated follicular NHL 
in patients who achieve a partial or complete 
response to first-line chemotherapy

In patients with relapsed or refractory low-grade, 
follicular, or transformed B-cell NHL, where no prior 
anti-CD20 therapy was allowed, the overall re-
sponse was 83 % / 55 % and complete response was 
38 % / 18 %, comparing ibritumomab to rituximab

Neutropenia, platelet count decreased, 
pyrexia, thrombocytopenia, pancytopenia, 
bone marrow failure, white blood cell 
count decreased, febrile neutropenia, 
sepsis, hemoglobin decreased

In a Phase II study on patients with relapsed and re-
fractory mantle cell lymphoma, the overall response 
was 42 % and the complete response was 26 %

Gemtu-
zumab 
ozogamicin 
(Mylotarg®)

Patients with CD33-positive acute myeloid 
leukemia in first relapse who are 60 years of 
age or older and not considered candidates 
for other cytotoxic chemotherapy

An overall response was produced in 26 % of 
patients with a median duration of 60 days

Fever, nausea, chills, vomiting, headache, 
dyspnea, hypotension, hypertension, 
hyperglycemia, hypoxia

Trastuzumab 
emtansine 
(Kadcyla®)

Patients with HER2 positive, metastatic breast 
cancer who previously received trastuzumab 
and a taxane, separately or in combina-
tion. They should have either received prior 
therapy for metastatic disease, or developed 
disease recurrence during or within 6 months 
of completing adjuvant therapy

A median overall survival of 30.9 months was 
observed when compared with the 25.1 months 
observed by patients who received the standard 
therapy of lapatinib

Interstitial Lung Disease (ILD), including 
pneumonitis, some leading to acute 
respiratory distress syndrome or fatality, 
infusion-related reactions (IRR), hyper-
sensitivity, thrombocytopenia, periph-
eral neuropathy, reactions secondary to 
extravasation

ADC antibody drug conjugates, NHL non-Hodgkin lymphoma
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