Pharmaceutical

Editorial

Targeted cancer therapy

Keywords: targeted cancer therapy ▪ monoclonal antibody ▪ antibody-drug conjugate ▪
cellular immunotherapy

Xiaoguang Liu*1, Chao Ma2
& Lufang Zhou3
Department of Biomedical Engineering,
University of Alabama at Birmingham,
1670 University Blvd., Birmingham, AL
35233, USA
2
Biologics Development, Bristol-Myers
Squibb, Devens, MA 01434, USA
3
Department of Medicine and
Biomedical Engineering, University of
Alabama at Birmingham, Birmingham,
AL 35294, USA
1

Cancer is one leading cause of mortality that
is associated with genetic background or
environmental toxin [1]. Multiple anti-cancer
therapies have been developed and applied
clinically such as surgery, chemotherapy,
radiotherapy, therapeutic antibody, small
molecule, Antibody-Drug Conjugate (ADC),
cellular immunotherapy, chemoimmunotherapy,
and radioimmunotherapy. In this article, we
will discuss three types of effective targeted
cancer therapies: 1) Therapeutic antibody, 2)
Antibody-drug conjugate, and 3) Cell-based
immunotherapy.

Therapeutic antibody
Monoclonal antibody (mAb) is the most
successful protein-based therapy for cancer
treatment. During the process of carcinogenesis,
the undesired mutation activates the protooncogenes or inactivates tumor suppressor
genes. Thus some surface displayed molecules
involved in oncogenic pathways or cell growth
factors regulating cell proliferation process
are overexpressed [2,3] and the immune
checkpoints are blocked to counteract the anticancer immune response [4]. The therapeutic
antibodies specifically target the cell surface
receptors, and kill cancer cells via the mechanisms
of antagonism, signalling, Complement
Dependent Cytotoxicity (CDC) and AntibodyDependent Cell-mediated Cytotoxicity (ADCC)
[5]. Since the first-generation murine antibody is
developed, the development of new-generation
chimeric and humanized antibodies significantly
extend the half-life and reduce the immunogenic
response of injected therapeutic mAb.
Various monoclonal antibodies have been
developed to treat different cancers. For
example, the anti-breast cancer antibodies,
Trastuzumab/Herceptin® and Pertuzumab/
25

Perjeta®, can block HER2 signaling protein
kinase and phosphoinositide 3-kinase and
inducing ADCC [6,7]. The anti-colorectal
cancer
antibodies,
Bevacizumab/Avastin®,
®
Cetuximab/Erbitux
and
Panitumumab/
Vectibix®, inhibit Vascular Endothelial Growth
Factor (VEGF) and therefore block new blood
vessel formation and cell proliferation. Three
antibodies targeting the B-cell surface antigen
CD20, Rituzumab (Rituxan®), Ofatumumab
(Arzerra®) and Obinutuzumab (Gazyva®), treat
Non-hodgkin’s Lymphoma (NHL), Chronic
Lymphocytic Leukemia (CLL), lymphomas and
hairy cell leukemia via mediating B-cell lysis
through ADCC, CDC and apoptosis.
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The clinical application of targeted anticancer
antibodies has greatly extended the lives of cancer
patients. In addition to these US FDA approved
mAbs, there are thousands of therapeutic
antibody pipelines in different stages of clinical
trials. The monoclonal antibodies still remain
the fastest growing segment in the anti-cancer
biopharmaceutical market [2].

Antibody-Drug Conjugate (ADC)
Antibody-Drug Conjugate (ADC) integrates
the advantages of monoclonal antibody which
can specifically target cancer associated surface
antigen and the chemotherapeutic small
molecule with highly potent cytotoxic. The ADC
circulates in bloodstream until its mAb binds
to the specific surface antigen of tumors. After
binding, the receptor-mediated endocytosis
enables the internalization of ADC, followed by
lysosomal degradation, cleavage and release of
the cytotoxic free drug into the cytoplasm, and
apoptosis of cancer cells.
The first ADC, gem
tu
zu
mab ozogamicin
(withdrawn in 2010), was approved by the FDA in
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2000. Two FDA approved ADCs, Brentuximab
vedotin/Adcetris®
and
Ado-trastuzumab
Emtansine/Kadcyla®, are applied to treat the
CD30-positive relapsed Hodgkin lymphoma
and systemic anaplastic large cell lymphoma, and
the HER2-positive relapsed or chemotherapy
refractory breast cancer, respectively [8,9]. The
drugs monomethyl auristatin E (MMAE) and
maytansinoids (DM1) used in these two ADCs
show high potent by targeting tubulin.
To improve the clinical efficiency of ADCs, it is
important to improve the specific targeting of
receptor on cancer cells, increase the cytotoxic
potency of small molecules, and develop or
choose innovative linkers [10]. The application
of full-length mAb that specially targets the
cancer cell surface receptor extends the halflife of ADC, enables cancer cells sustainably
exposed to ADC, and reduces the toxicity
to normal cells. As compared to the whole
antibody, the antibody fragment improves the
penetration of ADC in solid tumors [11]. The
tumor specific cleavable linker can improve the
stability of ADC in bloodstream and reduce
the toxicity to normal cells [12]. Since drug
is released within the cancer cells, the highly
potent cytotoxic compounds, such tubulintargeting and DNA-damaging agents, can be
used in ADC.

Immunotherapy
The cellular immunotherapy has been developed
to treat cancer via: 1) Infusing a new immune
system such as hematopoietic stem cells that
can be isolated from the bone marrow, adipose
tissue, umbilical cord, fetal liver, muscle and
lung [13], 2) Activating the resident immune
dendritic cells (DCs) by antigen or vaccine
to generate circulating CD4+ and CD8+ T
cells that specifically target tumour [14], or 3)
Infusing the engineered immune cells such as T
cells and NK cells [15].
Recent years have seen exciting breakthroughs
in immunotherapy development by genetically
engineering chimeric antigen receptor (CAR)-T
cells to treat B cell leukemia, various solid
cancers, or other diseases [16-18]. The CAR-T
cells contain the cancer-targeting domain derived
from the single chain variable fragment (scFv) of
monoclonal antibody, signaling domain (CD3
zeta), co-stimulatory molecules (CD27, CD28,
OX40 or 4-1BB), and other elements [19,20].
CAR-T cells specifically target the surface
receptors (proteins, glycoproteins or glycolipids)
of cancer cells via scFv; stimulate the CD3 zeta
via conformational change and transmit signals
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of proliferation, differentiation and persistence
to T cells facilitated by co-stimulatory molecules;
and activate the intracellular machinery of T
cells to generate the antitumor cytotoxic T
lymphocytes from the differentiation of CD8+
T cells facilitated with the cytokines secreted
from CD4+ T cells. It has been demonstrated
that CAR-T is a more effective modality against
terminal cancers than mAbs, antibody-drug
conjugates, and T cell receptor-engineered T
cells [21,22].
The FDA panel recommended approval of using
CAR-T cellular therapy to treat leukemia on July
12, 2017, which means that this kind of anticancer immunotherapy could be approved by
end of September, 2017. Besides the intensive
effort to develop CAR-T for leukemia and
lymphoma treatment, advanced cell engineering
technologies have been performed to construct
novel CAR-T to improve the migration,
proliferation and survival, and resistance to
tumour-derived immunosuppressive factors for
solid tumors treatment [23]. The high quality
of CAR-T cells are very important for treat
cancer, which can be achieved by developing and
engineering effective cellular biomanufactuing
process.
In addition to T cells, the natural killer (NK)
and natural killer T (NKT) cells that can detect
cellular metabolism changes and gene expression
changes are also good candidates engineer
and develop a novel promising anti-cancer
immunotherapy [24].
Targeted cancer therapies have the capabilities
to specifically target cancer cells by antibody,
antibody-drug conjugate, engineered immune
cells and other therapeutics while minimizing
the side effects on normal cells. Despite the high
efficiency of these targeted therapies, the tumor
heterogeneity with respect to molecular targets
leads to the high need to develop personalized
medicine [25]. The multi-Omics technologies
can be used to identify the patient specific
targets through investigating the whole cell
profiling of genes, proteins and metabolites for
the development of specific personalized anticancer medicines.
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