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The impressive advances in the knowledge of biomarkers and molecular targets has enabled significant progress

in drug therapy for crucial diseases such as cancer. Specific areas of pharmacology have contributed to these

therapeutic outcomes—mainly targeted therapy, immunomodulatory therapy, and gene therapy. 
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1. Introduction

Genetic therapy is a promising and articulated research track in the oncology field. Although it is not currently

commonly used in all hospitals/clinics, the scientific and technological concepts underlying it are highly refined and

innovative (Figure 1a). Suffice it to say that one of the technologies (mRNA) that made vaccines against the

SARS-CoV-2 virus -responsible for the current global pandemic- possible, also derived significantly from cancer

research carried out in recent decades . The pharmacotherapeutic classes concerning the field of oncology that

can be included in the definition of gene therapy are oligonucleotides, oncolytic virus therapy, cell and tissue

therapy, and specific vaccines for cancer . However, it is not possible to categorically draw boundaries between

the various definitions; for example, CAR-T therapy also acts on the immune system, and aptamers exert their

therapeutic action as a function of their affinity with biocellular targets . Similarly, immunotherapeutic agents exert

their action by interacting with specific cellular target antigens. The utility in the classification of therapeutic agents

is often functional, toward greater comprehensibility and schematic representation .
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Figure 1. (a) Genetic therapy involves the interaction between pharmacological molecules and the genetic material

of the cell; (b) Targeted therapy involve specific sites to interact with molecular targets in the cell. BCR-ABL:

Breakpoint Cluster Region-Abelson gene; nRTKi: Non-Receptor Tyrosine Kinase inhibitors; RTKi: Receptor

Tyrosine Kinase inhibitors; VEGFR: Vascular Endothelial Growth Factor Receptor; EGFR: Epidermal Growth

Factor Receptor; PDGFR: Platelet-Derived Growth Factor Receptor; FGFR: Fibroblast Growth Factor Receptor;

CDKi: Cyclin-Dependent Kinase inhibitors; PARPi: Poly Adenosine diphosphate-Ribose Polymerase inhibitors;

MHCI: Major Histocompatibility Complex; PD-1: Programmed cell Death Protein 1; CTLA-4: Cytotoxic T-

Lymphocyte Antigen 4; CAR: Chimeric Antigen Receptor; ADCC: Antibody-Dependent Cellular Cytotoxicity. (c)

Pictorial rappresentation of the workflow of the International sistem of pharmacovigilance. Spontaneous reports of

ADRs (adverse drug reactions) are collected from international databases (Vigibase, FAERS system and

Eudravigilance) in order to generate alerts and implement post-marketing drug surveillance.

2. Oncolytic Viruses (OVs)

Viruses interact biologically with human cells in vivo, expressing selectivity for cancer cells and killing them. This is

why they are then referred to as “oncolytic”. Although this type of approach is now included in the context of gene

therapy against cancer, research in oncolytic viruses (OVs) has its origin in the early 1950s . Although they

belong to different families (Adenoviridae, Herpesviridae, Paramyxoviridae, Parvoviridae, Picornaviridae,
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Poxviridae, Reoviridae, Rhabdoviridae) , there are essentially three viral agents currently registered for

therapeutic application, the first of which was Rigvir  in 2004 , while many agents are under investigation for use

in diagnostic and therapeutic techniques in different types of cancer . OVs are engineered to infect cancer cells,

replicate, and cause cell lysis while sparing healthy cells. In addition to this mechanism of action, OVs contribute to

the global response of the organism by expressing substances and antigens in the tumor microenvironment (MEV).

They also contribute to an organic/biological reactivity that can be exploited for more accurate diagnosis by aiding

in the use of imaging technologies (e.g., fluorescence, luminescence) .

3. Cell- and Tissue-Based Therapy for Cancer

Although this product category can be considered borderline in terms of immunotherapy (a sort of cell

immunotherapy), it best represents innovation in the field of biotechnology and advanced therapy. Chimeric antigen

receptor (CAR-T) cells and T cell redirecting bispecific T cell engager (BiTE) are approved for use in several forms

of hematologic malignancies . The main concept underlying the mechanism of action of this class of drugs is the

redirection of T cell reactivity against specific tumor antigens. CAR-T cells are genetically engineered T cells with a

chimeric antigen receptor . The CAR is composed of an extracellular single-chain variable fragment (scFv), a

domain that recognizes tumor-specific antigens and intracellular signaling targets. BiTEs are recombinant proteins

consisting of two scFv fragments of separate antibodies, one to target a tumor-specific antigen and one to intercept

and recruit active T cells. Recruited T cells are then redirected to kill cancer cells.

4. Cancer-Specific Vaccines

Although the therapeutic potential of vaccines in the treatment of various forms of cancer has yet to be attained,

the technologies used for the rapid development of vaccines against the SARS-CoV-2 virus, particularly viral-vector

and DNA/RNA-based technologies, derive from decades of scientific and laboratory research in the fight against

cancer . The success of prophylactic strategies against pathogens such as polio and smallpox viruses, or viral-

driven cancers such as hepatitis B virus (HBV), which causes hepatocarcinoma, and human papilloma virus (HPV),

which causes cervical cancer , suggests potential new perspectives for the development of “preventive” (or

prophylactic) anticancer vaccines. Still, so far, research has not yielded satisfactory results for other forms of

cancer.

In parallel, the class of anticancer vaccines, defined as therapeutic, includes agents that belong to several

categories: cell-, peptide-, DNA- or RNA-, viral-vector, or bacterial-vector based vaccines . To quickly

understand the potential benefits expected of gene therapy through this category of agents, here must bear in mind

that the goal of any therapeutic cancer vaccine is to increase and reactivate the body’s latent immune response,

specifically that of non-active T cells in the tumor microenvironment, by stimulating dendritic cells (DCs), thus

conferring the T cells with the property of being tumor-specific antigens (TAAs). Moreover, efficient delivery of

vaccines is required through nanocarriers or specific adjuvant molecules or ligands that favor an effective
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interaction with the tumor microenvironment and, therefore, the release of therapeutic or cytotoxic agents to

specific cellular targets.

5. Combination Therapies and Therapeutic Oligonucleotides

Several studies are currently evaluating combination therapy strategies involving various agents,

immunomodulatory therapy, bi-specific T cell engagement, cell-tissue therapy with CAR-T, and the use of specific

vaccines targeted to various forms of cancer. Recent reviews by Shi et al.  and Chaurasiya et al.  have

presented comprehensive summaries of ongoing studies on oligonucleotides/aptamers. Since 1990, technologies

involving antisense oligonucleotides (ASOs), aptamers, microRNA (miRNAs), small interfering RNAs (siRNAs), and

catalytic DNA with enzymatic properties (DNAzymes) have been investigated to uncover new therapeutic

possibilities and overcome some of the limitations in the curative potential of monoclonal antibodies (mAbs) and

targeted therapy. These are considered promising approaches to the treatment of resistant types of cancer .

Therapeutic oligonucleotides/aptamers interact with target cells, causing RNA alterations/modifications by several

different mechanisms (mRNA degradation, pre-mRNA splicing, or mRNA translation) . Besides being a potential

strategy for cancer therapy, the use of oligonucleotides holds promise for treating also many forms of illness due to

genetic aberrations (for example, neurological and ocular diseases). They also deserve to be used clinically in

diagnostic procedures, such as liquid biopsy . Safety may be a major concern for this type of molecule,

along with a lack of efficacy, potentially due to difficulty in delivering the active components to the site of action.
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