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Abstract: Modern anti-cancer drugs target DNA specifically for rapid division of malignant cells. One 
downside of this approach is that they also target other rapidly dividing healthy cells, such as those in-
volved in hair growth leading to serious toxic side effects and hair loss. Therefore, it would be better to 
develop novel agents that address cellular signaling mechanisms unique to cancerous cells, and new re-
search is now focussing on such approaches. Although the classical chemotherapy area involving DNA 
as the set target continues to produce important findings, nevertheless, a distinctly discernible emerging 
trend is the divergence from the cisplatin operation model that uses the metal as the primary active cen-
ter of the drug. Many successful anti-cancer drugs present are associated with elevated toxicity levels. 
Cancers also develop immunity against most therapies and the area of cancer research can, therefore, be 
seen as an area with a high unaddressed need. Hence, ongoing work into cancer pathogenesis is impor-
tant to create accurate preclinical tests that can contribute to the development of innovative drugs to 
manage and treat cancer.  

Some of the emergent frontiers utilizing different approaches include nanoparticles delivery, use of 
quantum dots, metal complexes, tumor ablation, magnetic hypothermia and hyperthermia by use of Su-
perparamagnetic Iron oxide Nanostructures, pathomics and radiomics, laser surgery and exosomes. 

This review summarizes these new approaches in good detail, giving critical views with necessary com-
parisons. It also delves into what they carry for the future, including their advantages and disadvantages. 

Keywords: Cancer, Immunotherapy, Liposomes, Gene therapy, Exosomes, Tumour ablation. 

1. INTRODUCTION  

Cancer is the second leading cause of death globally, 
with an estimated 1 in 6 deaths, and is responsible for ap-
proximately 9.6 million deaths in 2018 [1]. It is estimated 
that approximately 70% of all deaths are cancer-related and 
occur in low and middle-income countries [2]. The economic 
impact of cancer is significant and is increasing with a total 
annual cost, in 2010, estimated at approximately US$ 1.16 
trillion. Only 1 in 5 low- and middle-income countries have 
the necessary data to drive cancer policy [1]. Fortunately, it 
is not a contagious disease like the most recent, deadly 
covid-19, which has brought the world to a standstill. 

Although major steps have been made in medicine, many 
difficulties still need to be resolved in order to boost cancer 
therapy. In line with this, research is putting a great deal of 
effort into discovering new and effective therapies that can 
mitigate the pertinent adverse effects of therapies. Many 
research reports have focused on creating alternative treat- 
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ments to minimize the side effects of traditional medicines 
over the past decade [2]. 

Various technologies are now being tested in clinical tri-
als, with some already implemented in the clinical practice 
[3]. These include targeting overexpressed proteins and anti-
gens on tumor cell surfaces, targeted drug delivery, nanopar-
ticle delivery, among others. In the last 70 years or so, cancer 
treatment has progressed exponentially, from cytotoxic drugs 
that reduce tumors but with severe systemic side effects, to 
specific treatments that can cause cancer-cell death while 
leaving healthy tissues unchanged. This article describes 
some of the successful strategies and many others that are in 
the early stages of development.  

The origins of many tumors are not fully understood, 
which makes it difficult to establish effective therapies, as is 
evident in the high cancer drug failure rate during clinical 
trials [1]. In this review, a detailed study of the most ground 
breaking developments in the fundamental and advanced 
cancer research, was carried out. A broad overview of a 
combination of the most effective, specific, and applicable 
cancer treatments, together with the new approaches that are 
currently under investigation at the research phase, which 
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should transcend the weakness of traditional therapeutics, is 
presented.  

Directed or not, resistance to chemotherapy drugs is an 
endemic problem, and scientists are trying to find ways to 
circumvent the resistance. The easiest solution is to switch 
the treatment of an individual from one treatment to another 
via a different target or mechanism or to introduce another 
medication to the protocol [3]. Scientists are studying cellu-
lar mechanisms and genes that might cause resistance and 
using them as targets [4]. Through inserting an agent that 
prevents or creates another route, this resistance can be 
partly solved, raising the response rate from 40 to 60% [5]. 
In a preclinical study, the application of saracatinib [6] to 
trastuzumab, a monoclonal antibody used to treat breast can-
cer and stomach cancer, demonstrated a decrease of 90 per-
cent in tumor volume in previously trastuzumab-resistant 
mice [6].  
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Trastuzumab is normally overexpressed in chronic mye-
loid leukemia cells [7]. It is a dual-specific protein tyrosine 
kinase inhibitor that binds and inhibits these tyrosine 
kinases, thus affecting cell motility, cell migration, adhesion, 
invasion, proliferation, differentiation, and survival [8]. 

Patients vaccinated against cancer may still develop re-
sistance from chemicals released by tumors, which inhibit an 
immune response to the tumor or from genetic changes in the 
tumor itself [9]. Scientists search for ways of reducing this 
tolerance through the use of vaccines that combine various 
antigens in one vaccination or through targeting of T-cells 
that can diminish the immune system response [10, 11]. 

Different options for the diagnosis and treatment of can-
cer are discussed in this study, as well as their current posi-
tion in the clinical stage, emphasizing their anticipated im-
pacts as revolutionary approaches to anti-cancer studies. 

2. CLASSIFICATION OF THE REVIEWED AREAS 

This review falls under four broad areas of the most re-
cent fields of cancer therapy that target non-DNA targets in 
cells. These include diagnostics, therapeutics, targeted nano-
composites, and NanoPlatforms [4], which are nanoparticles 
combined with drugs and theragnostics, which combine di-
agnostic and therapeutic approaches to achieve better out-
comes. Theranostic combinations appear in the discussions 
section showing the various combinations used synergisti-
cally to achieve better anti-cancer results. These various 
classification areas are discussed below. 

3. DIAGNOSTICS  

Screening of diseases always have huge benefits in de-
termining the status of sickness. Cancer diagnosis is advan-

tageous in that it may reveal changes in the body, which may 
lead to possible prevention of cancer. Earlier diagnosis of 
cancer may lead to easier treatment because it may be found 
confined in a smaller area before a widespread. The diagno-
sis gives a chance of early detection, which means a patient 
will spend less time in treatment and recovery. An individual 
will also have a better chance of survival. 

3.1. Radiomics and Pathomics 

Radiomics and pathomics are two exciting and ground-
breaking areas focused on the accumulation of radiology and 
pathology imaging, whose quantitative picture features as 
medicinal and prognostic markers of disease outcome [11]. 
Radiomics is designed to measure high-throughput tumor 
properties derived via diagnostic image data analysis [12-
14]. Pathomics, on the other hand, is focused on producing 
and characterizing high-resolution images of the tissue [15]. 
Most works focus on developing new image analytical 
methodologies to deduce details through quantitative analy-
sis and classification of the disease [16]. 

Although surgery still remains one of the main proce-
dures for cancer treatment, about 50 percent of patients un-
dergo radiation therapy. Radiation therapy is administered by 
the use of an external source of light beam or by adding a 
radioactive source locally [17] to achieve intense irradiation 
[18]. Localization of the pulse is now enabled by image-
guided radiation therapy, in which the patient's images are 
obtained during treatment, enabling the correct amount of 
radiation to be determined [18]. Through the emergence of 
intensity-modulated radiotherapy [19], varying strengths of 
radiation fields can be generated, significantly reducing the 
doses reaching healthy tissues and therefore limiting nega-
tive side effects [19, 20].  

Finally, it is possible, by stereotactic ablative radiation 
therapy [21], to deliver an ablative radiation dose only to a 
specific target range, greatly reducing unwanted side effects 
[17]. Cancer is a complex ailment and its successful treat-
ment requires enormous efforts to combine the amount of 
information gained through testing and therapy procedures. 
The ability to connect data gathered from diagnostic images 
and molecular analyses has enabled non-invasive imaging 
techniques to achieve an analysis of the entire three-
dimensional structure of the tumor. This is in accordance 
with the main objective of precision therapy, which is to 
reduce adverse effects linked to treatment while maximizing 
its success in order to obtain the best individualized therapy 
[22].  

Radiomics has the advantage that a whole three-
dimensional image of the tumor can be created by non-
invasive imaging techniques. However, standardization of 
procedures to facilitate clinical translation still remains a 
challenge [16]. 

3.2. Exosomes  

Exosomes serve as an essential regulatory factor during 
metastasis [23]. These include the initiation, development, 
and colonizing of metastases in surrounding regions by 
transmitting functional molecules, thereby directly affecting 
targeted cells [24]. Exosomes are secreted by practically all 



30    Current Topics in Medicinal Chemistry, 2021, Vol. 21, No. 1 Mbugua et al. 

types of cells and can deliver proteins, lipids, DNA, and 
RNA into the receiver cells [25]. This happens in three 
pathways namely; attachment of the surface receptor, bind-
ing to the target cells, or internalization of the vesicle, 
thereby controlling the functional state of the cells [26].  

The structure and contents of the cancer derived-exosome 
are as shown in Fig. (1). As indicated in the figure, exosomes 
contain lipid bilayer membranes with characteristic trans-
membrane proteins and receptors depending on the nature of 
tumor cells. These include adhesion molecules, lipid raft-
associated proteins for signaling and/or intra-cellular trans-
port in epithelial cells, immune regulator molecules, and 
tetraspanins, which are proteins capable of arresting tumor 
development. 

The proteins include many of the major raft lipids present 
in cell membranes, such as ceramides, sphingolipids, choles-
terol, and glycerophospholipids [27]. Exosomes' primary 
RNA is miRNA, but they also contain long non-coding 
RNAs, which in many respects, control gene expression 
[28]. 

Organs prone to metastasis may be modified to be opti-
mal for tumor colonization prior to the arrival of cancer cells, 
i.e., premetastatic niche formation [29]. In the physiological 
system, green fluorescent protein exosomes are secreted 
into the neighboring tumor tissues and are distributed from 
primary to metastatic niche tumors [26]. 

Studies show that exosomes play a critical part in cancer 
metastasis [30]. This includes taking part in the formation of 
the premetastatic niche, microenvironment of tumor cells, 
and in the determination of specific organotropic metastasis 
[31, 32]. Upon drug treatment, exosomes originating from 
drug resistance cells may also transfer the resistant character-
istics to the recipient cells for induction of resistance [27]. In 
fact, exosomes will usually activate the immune response to 
suppress the activity of the immune cells, thus growing im-
munogenicity to enhance the anti-tumor activity under cer-
tain stress conditions [25, 27]. Attacking metastasis-related 

exosomes offers a new strategy for designing innovative, 
effective anti-tumor treatment agents [33]. Increasing evi-
dence indicates that exosomes and their contents lead to pre-
metastatic microenvironment development and trends of 
non-random metastasis [26, 34].  

There is, however, still a shortage of preclinical data and 
further clinical treatment trials of antimetastatic-active 
agents [35]. Hence, explicitly designing antimetastatic medi-
cation for clinical use will be necessary to allow researchers 
to concentrate on the dynamics of cancer metastasis. 

4. THERAPEUTICS 

The cancer treatment is highly variable and dependent on 
many factors such as the type, location, stage of the disease, 
and the health status of the patient. Most of the cancer thera-
peutics are aimed at either directly destroying the cancer 
cells or inducing their apoptosis by depriving them of signals 
needed for survival. The other cancer therapies work by 
stimulating the body's own defenses against the cancer cells. 
There are a number of cancer treatments and some of the 
latest types are discussed below.  

4.1. Immunotherapies 

The aim of immunotherapy treatment is to boost a pa-
tient’s immune system for it to fight against any tumor inva-
sion. Immunotherapies, which are also regarded as cancer 
vaccines, induce the immune function of a patient to kill 
cancerous cells [36]. By either enhancing the host's immune 
responses against cancers or countering the signals generated 
by cancer cells that inhibit immune response, immunother-
apy has become a successful procedure alone, or paired with 
other therapies such as surgery, chemotherapy, and radiation 
therapy [37]. 

Additionally, immunotherapy interventions can be cate-
gorized into two broad categories: active and passive [38]. 
The active approach entails channeling the host immune re-
sponse toward tumor-associated antigens [39] on the tumor 

 

Fig. (1). Structure and Composition of exosomes derived from cancerous Cells [26]. (A higher resolution / colour version of this figure is 
available in the electronic copy of the article). 

�������	
��������

��������	�	�

����	���
�������
��������

����
���	�������	�
������	�

���

����
����
������	�

���
��������	 

�!"
#$#%
���&

'	(���� 
"�)��
��)���

*����
�����
+�����������
������	�

+�	��
������
������	�



Beyond DNA-targeting in Cancer Chemotherapy Current Topics in Medicinal Chemistry, 2021, Vol. 21, No. 1    31 

surface [40]. These antibodies can be particular proteins or 
carbohydrates, which are expressed exclusively or exces-
sively in tumor cells [41]. The passive immunotherapy, by 
contrast, entails strengthening the immune system's generic 
anti-cancer approach using monoclonal antibodies, lympho-
cytes, and cytokines [41]. A drug combination therapy 
would, by extension, constitute one or several elements of 
these two types of immunotherapies [42]. It is notable that 
immunotherapy distribution and efficacy are heavily reliant 
on the version, grade, predictive response rate, and relevant 
biomarker expression of cancer, although response rates 
from patients may still vary [39, 43-45].  

The opposite approach is to decrease the immunosup-
pressive effects that promote the growth of cancer cells. 
Food and Drug Administration [46] approved the first vac-
cine of its kind, in 2010, for the treatment of advanced hor-
mone refractory prostate cancer [47-49]. The main advantage 
associated with immunotherapy is that since vaccines induce 
an immune response, patients can be protected from metasta-
sis and relapsing. Their side-effects profiles are relatively 
mild, restricted mainly to inflammatory irritation at the injec-
tion site [39, 40, 50]. 

Some of the challenges are that, although it has been 
shown that immunotherapy is effective, patient success rates 
differ and, most often, only a small percentage of patients 
within a broad subset respond positively to the therapy [51]. 
This problem is a hurdle to immunotherapy efficacy and 
rates of response from patients. A major factor contributing 
to discrepancies in the rates of response to cancer vaccina-
tions is the specific nature of the vaccination as well as 
whether off-the-shelf forms of the vaccination is manufac-
tured with similar antigen existing in the client's tumor in 
order for their immune system to recognize its presence in 
the system [52]. 

Genetic mutations may also contribute to the activation 
of neo-antigens [53], which are recognized by the immune 
system during tumor growth [53]. Nevertheless, once can-
cerous cells are formed, they are able to evade this immunity 
protection by shutting these antibodies off through immune 
tolerance induction [54]. Another immune avoidance method 
may arise when a tumor associates with its microenviron-
ment to prevent antitumor responses [55]. Several methods 
exist to improve response levels, such as the identification of 
more specialized genetic markers and agonists of immune 
control points [56]. Better predictive tools and assays are 
also capable of identifying patients who will react well to 
immunotherapy [57]. 

Cancerous cells have evolved specific cellular processes 
to aid tumor microenvironment development [58]. One tech-
nique employed by cancer cells to ensure survival and ad-
vancement is to avoid checkpoints on the immune system 
[44]. Immune system check points operate to track autoim-
munity and alleviate damage to tissue caused by immune 
responses through modulation of costimulatory and inhibi-
tory signals [59]. During carcinogenesis, however, the dys-
regulation of protein expression at the checkpoint may lead 
to aberrant activation of inhibitory checkpoint receptors, 
thus, hindering T cells from identifying and eradicating tu-
mourigenic cells [60, 61]. 

The development of the tumor microenvironment [62] 
not only enables the tumor to evolve but also causes it to 
recruit host immune system components [63]. In addition to 
fostering tumor growth, these TME components principally 
act as cellular obstacles to avoid any intrusion by antitumor 
immune cells [63]. The growth of a thick epithelial layer 
enveloping the malignant mass produces a protective barrier 
marked by several traits known to enhance tumor growth, 
such as hypoxic conditions and anomalous neovasculariza-
tion of tumors [64]. Not only does this deter prospective 
immune system cells from entering the tumor but it also es-
tablishes blood vessels to enable cells to metastasize into 
remote tissues [65]. Until such time as these processes are 
eliminated, tumors will continue to evade the body's immune 
defenses [66]. 

Currently, immunotherapy treatments are obtainable as 
cancer vaccinations. Immunotherapy works similarly to 
standard methods of vaccination, where the goal is to stimu-
late an immune response. In short, cancer vaccinations, con-
taining whole or fragments of antibodies, are intended to 
induce an immune reaction [40]. As shown in Fig. (2). The 
mode of action for the vaccines is illustrated. The vaccines 
are applied by injection through the dermis with an immune 
booster that helps in activating the dendritic cells [67]. The 
cells then pick antigens developed on cancerous cells and 
convey them to CD4 cell sites and CD8 cells [67]. This then 
prompts the CD8 cells to bind to the antigen expressed on 
the tumor surface [40]. 

Since many antigens, reflected on cancer cells, are also 
present on normal cells, treatment with a non-tumor-specific 
antigen will also be cytotoxic to healthy cells. This means 
that although immunotherapy has transformed the treatment 
of multiple advanced-stage malignancies, it has not been 
beneficial to many patients for whom immune functions 
have been jeopardized by traditional treatments [52]. In order 
for immunotherapies to be administered to wider patient de-
mography, more diverse biomarkers that are expressed on 
the tumor cell surface need to be discovered. This will estab-
lish particular patterns that are displayed solely on cancer 
cells, the so-called neoantigens or tumor-specific antigens, 
allowing for better immunotherapy targets [68]. Determining 
a proper target for TSA will certainly lead to higher efficacy 
of immunotherapy treatment results in terms of reduced ad-
verse effects to normal cells [69, 70].  

One of the proposed approaches in overcoming immuno-
therapy resistance from cancer cells is the use of combined 
immunotherapy or multi-modal strategies [71]. This method 
could efficiently raise the likelihood of antigens being tar-
geted by immunotherapies and, therefore, overcome the can-
cer cells' compensatory nature [72, 73]. 

4.2. Gene Therapy for Cancer Treatment 

Gene therapy is designed to insert a healthy copy of a de-
formed gene into the genome for the purpose of treating par-
ticular diseases [74]. The 1990s marks the first reported 
cases when a retroviral vector was used in patients with se-
vere combined immunodeficiency [75] to transmit the gene 
adenosine deaminase to T-cells [75]. Further work has 
shown that genetic engineering can be incorporated in many 
unusual and recurrent human diseases and, most notably, in 
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treating cancer [76]. More than two-thirds of clinical trials 
currently being studied for gene therapy are cancer-related 
[76, 77].  

Different strategies are under evaluation for cancer gene 
therapy. These include expression of pro-apoptotic and 
chemo-sensitizing genes [78], expression of wild type tumor 
suppressor genes [77, 79], expression of genes able to solicit 
specific antitumor immune responses, and targeted silencing 
of oncogenes [80, 81]. Despite many achievements in this 
area, there are still some challenges to face when dealing 
with gene therapy. These include the selection of the right 
conditions for optimal expression levels and the choice of 
the best delivery system to unequivocally target cancer cells 
[82]. Gene therapy also presents some drawbacks linked to 
genome integration, limited efficacy in specific subsets of 
patients, and high chances of being neutralized by the im-
mune system [83]. Other, issues include limited efficacy in 
specific subsets of patients [84], high chances of being neu-
tralized by natural body immune defenses [85], off-target 
effects in terms of side effects, need of ad hoc delivery sys-
tems with the set-up of doses and suitable conditions for con-
trolled release, remain a challenge [86]. 

4.3. Tumour Ablation and Magnetic Hyperthermia 

Use of heat for tumor ablation, i.e. heating or cooling 
cells to cytotoxic levels from about −40°C or above 60°C, 
opens up new possibilities for precision therapy, rendering 
the medication to be focussed in very tight and precise re-
gions [87]. These techniques could also be a suitable re-
placement for more intrusive methods like surgery. Tumor 
thermal ablation requires a set of procedures utilizing heat 
[88] or cold [89] to kill metastatic cells [90]. Cell necrosis is 
known to occur at temperatures below -40 °C or above 60 °C 

[89, 91]. Long temperature periods between 41°C and 55 °C 
are also successful in damaging tumor cells [91]. The com-
plementary use of the hyperthermia process with other 
treatment options is portrayed in Fig. (3). The combined 
therapies work synergistically to achieve better outcomes in 
effecting tumor cell death. 

 

Fig. (3). Process of hyperthermia complementing traditional cancer 
therapy. (A higher resolution / colour version of this figure is avail-
able in the electronic copy of the article). 

Furthermore, cancer cells are known to be more tempera-
ture sensitive at higher temperatures than normal cells [92]. 
Upon cooling, hypothermic ablation takes place whereby ice 
crystals form and break cell membranes, which eventually 
kills cells [88, 93]. Argon gas is the ideal coolant in these 
studies because it can disinfect the surrounding tissues to as 
low as -160 °C [93]. 

 

Fig. (2). Mechanism of Action of Cancer Vaccines. Administered through injection with adjuvants that activate dendritic cells. (Adapted 
from [40]). (A higher resolution / colour version of this figure is available in the electronic copy of the article). 
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Gases, such as ammonia, can also be used at their critical 
point because they have a higher heat capacity compared to 
argon [88]. Yet the technologies for manipulating and con-
trolling them is still not well developed. Ablation through 
hyperthermia currently utilizes microwave radiofrequencies 
[17] and laser [94]. Microwave ablation is based on the elec-
tromagnetic interaction between microwaves and polar 
molecules in fluids, such as liquids, which induces oscilla-
tion and, therefore, temperature changes. The more conduc-
tive the medium, the more effective the process. For this 
reason, Radiofrequency ablation works very well in the liver 
and in other areas with a high content of water and ions, 
whereas it has a poor effect in the lungs [95]. Radiofre-
quency ablation has been the most widely used in hospitals, 
since it is efficient and safe [96]. An alternated current of 
radiofrequency waves is applied to a target zone by an insu-
lated electrode tip, while a second electrode, needed to close 
the circuit, is placed on the skin surface [97]. The interaction 
with the current causes the oscillation of ions in the extracel-
lular fluid, which, in turn, produces heat [96].  

In contrast to the electrical current in radiofrequency ab-
lation, microwaves will spread through any type of tissue 
allowing high temperatures to be achieved in a short time, 
greater infiltration, and treatment of wider tumor areas  
[108, 109].  

Other advantages associated with these strategies include 
precise treatment of the interested area and the possibility of 
performing the treatment along with MRI imaging [91]. 
Challenges include low penetration power and the need for a 
skilled operator to perform the treatment [98]. 

4.4. Laser Therapy 

Laser therapy uses the characteristics of laser beams, 
which are very small and of a specific wavelength and are 
extremely focused [99]. This makes the procedure very ef-
fective and precise, making it a viable alternative to tradi-
tional surgery [100]. The laser-emitted absorption of the 
light results in heating and eventual damages to the affected 
area [101]. Different types of lasers may be used according 
to the specific application. Neodymium: yttrium-aluminum-
garnet (Nd: YAG) lasers (1064 nm wavelength) and diode 
lasers (800–900 nm wavelength), with a penetration range of 
up to 10 cm, are used for the treatment of internal organs. 
Conversely, for superficial therapies, CO2 lasers [44] with a 
penetration depth of 10 μm up to 1 mm are used [102].  

Laser therapy is receiving a lot of interest in science over 
other ablation methods because of its benefits, such as higher 
effectiveness, safety and accuracy, and a shorter treatment 
session required to achieve similar results [103]. In fact, the 
fibers to relay laser light are compliant with magnetic reso-
nance imaging so that the temperature and thermal dosage 
can be calculated accurately [103]. However, certain draw-
backs still need to be addressed, such as the need for a 
highly-skilled operator to bring the fiber in the right position 
[104]. Ultimately, despite new methods of heating tumor 
tissues via electromagnetic hyperthermia (as discussed 
above) showing better advantages by using superparamag-
netic or ferromagnetic nanoparticles to generate heat through 
alternating magnetic fields, laser surgery still remains one of 
the most precise in tumor ablation.  

5. NANOPLATFORMS/ NANOPARTICLE CARRIERS 

The use of nanoscale materials and the advances in 
nanotechnology has brought about a new platform which has 
positively impacted on current cancer handling techniques. 
The developed smart activated nanosystems for cancer 
treatment carry the advantages of target specificity [105]. The 
disease-specific receptors on the surface of cells provide 
useful targets for nanoparticles. These nanoparticles can be 
engineered from disease recognizing components at the cel-
lular level. They are visible on imaging studies and deliver 
therapeutic compounds on targets and in the lethally but 
minute quantities.  

5.1. Drug Delivery by Liposomes 

Liposomes are vesicles for drug delivery, with a lipid 
membrane bilayer containing an aqueous media, as shown in 
(Fig. 4) [106].  

 

Fig. (4). Liposome showing a lipid bilayer encasing a central aque-
ous space [106]. (A higher resolution / colour version of this figure 
is available in the electronic copy of the article). 

Their mode of drug delivery is by connecting with the 
cell lipid membrane, which immediately transfers the drug 
dosage to the cells [107]. Due to differences in the perme-
ability of normal blood vessels, selective accumulation of 
liposomes and other macromolecules occurs preferentially in 
cancer tissue [108]. The addition of polyethylene glycol to 
the liposome surface (PEGylation) [109] also reduces sys-
temic adverse effects; it eliminates, for example, doxorubi-
cin-related cardiotoxicity. Several liposomal therapeutic 
formulations for cancer exist, comprising of liposomal cyta-
rabine (Depocyte), liposomal daunorubicin (DaunoXome), 
liposomal doxorubicin (Myocet), and liposome-PEG 
doxorubicin (Doxil / Caelyx) [110, 111]. Scientists are creat-
ing liposomes which have increased stability, encapsulation 
ability, can be metabolized in vivo, can hold a broader spec-
trum of medications, or kill cancer cells while enhancing 
safety and efficacy [112]. In vitro trials of monoclonal anti-
bodies (mAbs) labeled doxorubicin liposomes demonstrated 
an increased efficacy relative to the untagged drug [113]. 
Organic nanoparticles are commonly used as drug delivery 
devices [114, 115]. They are principally used to encapsulate 
lipophobic substances in their aqueous core, but hydrophobic 
substances can also be stored in the bilayer or chemically 
linked to the particles [116]. Doxil, PEG-ylated liposomes 

�.�����
����

)�����������
�������

����������
��-��	

����������
��-��	



34    Current Topics in Medicinal Chemistry, 2021, Vol. 21, No. 1 Mbugua et al. 

(Fig. 5) packed with doxorubicin, were the pioneer nanopar-
ticles endorsed by the FDA, in 1995, to treat Kaposi's AIDS-
associated sarcoma [117, 118]. 
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Fig. (5). Doxorubicin (2) and PEGylated liposomal DOX (Doxil ®) 
enclosed in the liposome. (A higher resolution / colour version of 
this figure is available in the electronic copy of the article). 

This approach significantly decreases the adverse effects 
of doxorubicin. Other liposomal formulas, such as Myocet 
and DaunoXome, have now been endorsed by the FDA for 
the treatment of cancer [2, 119]. Polymeric nanoparticles are 
produced from bio-compatible or natural polymers, like 
poly(lactide-co-glycolide),poly(ÿ-caprolactone), chitosan, 
alginate, and albumin [120]. New nanoparticles are currently 
being taken through research testing, which would increase 
the efficiency of treatments. For example, solid lipid 
nanoparticles made from solid fats at body temperature [121] 
and manufactured to load hydrophobic drugs have been 
shown to provide increased drug stability and extended re-
lease, particularly in comparison to hydrophobic substances 
[122, 123]. 

To resolve this problem, one or several lipids, liquid at 
ambient temperature (such as oleic acid, for instance), are 
included in the formula. Lipid nanoparticles are viable can-
didates for brain tumor therapy as they can pass the blood-
brain barrier (BBB) [124-126]. 

5.2. Nanoparticles Therapy Systems 

Systems used for drug-delivery can be utilized to alter the 
release of active compounds, allowing them to stay for 

longer periods in vivo, thereby allowing them to reach target 
sites [127]. The overall effect is increased effectiveness and 
reduced systemic cytotoxicity. This approach reduces the 
adverse effects and medical costs by reducing the quantity of 
the drug to be given. Scientists are searching for a broad 
range of strategies for the direct delivery of drugs to tumors. 
One of the areas under investigation is the coupling of mag-
netic nanoparticles with drugs [128, 129]. This will allow an 
external magnet to draw the medication conjugate to a target 
area where the drug exerts its biochemical effects. This mag-
netic targeting is also aimed at minimizing side effects [130]. 

A major problem with modern cancer treatment is the 
poor sensitivity of cancer cells to chemotherapeutic drugs 
[131]. Some drugs actually function on both normal and can-
cerous organs, causing serious adverse effects. Scientists are 
making significant efforts to find ways to target just the ap-
propriate tumor location. Nanoparticles are miniature struc-
tures with unusual physical and chemical characteristics, 
owing to their scale and large surface-to-volume ratio (1–
1,000 nm in size) [132]. In chemotherapy, biocompatible 
nanoparticles are utilized to overcome several of the tissues 
surrounding traditional treatments, like the low selectivity 
and bio-availability of medicines or contrast agents [133]. 
Accordingly, the encapsulation of the active ingredients in 
nanoparticles will boost their solubility/ biocompatibility, 
their stability in body fluids, and tumor vasculature retention 
time [134]. Nanoparticles may also be designed to be highly 
selective for a specific target and release of the drug in a 
controlled manner by responding to a particular stimulus 
[135, 136]. This is the case with ThermoDox, a liposomal 
formulation that can release doxorubicin as a reaction to 
temperature increment [137].  

Due to the improved permeability and retention potential, 
nanoparticles have generated considerable interest due to 
their propensity to accumulate more in tumor tissues [138]. 
This method, known as passive targeting, is focused on the 
small size of nanoparticles and leaky vasculature and com-
promised neoplastic tissue's lymphatic drainage [139]. None-
theless, passive targeting is hard to manage and can trigger 
multidrug resistance (MDR) [140]. In an active targeting 
process, various types of small peptides and proteins have 
also been successful [141]. The Angiopep-2 peptide has gen-
erated considerable interest in the treatment of brain cancer. 
It attaches to the low-density lipoprotein-related protein-1 
(LRP1) of endothelial cells in the blood brain barrier and is 
also overexpressed in cancerous cells of glioblastoma [142]. 
Coupling bombesin peptide with poly(lactic-co-glycolic 
acid) (PLGA) nanoparticles loaded with docetaxel has been 
used to target the gastrin-releasing peptide receptor on ovar-
ian, pancreatic, and colorectal cancer cells [143].  

Comparing active and passive targeting, active targeting 
increases tumor cell absorption by focusing on specific tar-
gets that are overexpressed on them [144]. For instance, 
nanoparticles can be activated with ligand molecules that 
bind to specific cells or subcellular sites. Many forms of 
ligands, like organic compounds, peptides, hormones, ap-
tamers, and antibodies, may be used [145]. Aptamers are a 
class of small molecules which are lightweight, single-
stranded synthetic RNA or DNA oligonucleotides folding 
into unique shapes that allow them to attach to particular 
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sites [146]. Recent studies have shown that in vitro cytotox-
icity is greatly enhanced by the use of aptamers linked to 
nanoparticles, which enhances cytotoxicity [147]. Further-
more, aptamers are reported to have been used for the prepa-
ration of quantum dot-doxorubicin conjugates [147, 148], 
which falls into the same category. 

Also, biotin and folic acid are other examples of small 
molecules with overexpressed receptors in tumor cells. Fur-
ther studies have been performed on folic acid functionalized 
nanocarriers to treat cancers of the ovaries and endometrium 
[149]. Small ligands are cheap, making them suitable for 
linkage to nanoparticles using simple conjugation chemistry. 
Polyethylene glycol-poly(lactic-co-glycolic acid) nanoparti-
cles conjugated to folic acid have been used to deliver do-
cetaxel to cervical cancer cells where the cellular uptake has 
been noted to increase considerably [150, 151]. Other exam-
ples include transferrin, which is a serum glycoprotein [152] 
overexpressed on several solid tumors, especially on multi-
form glioblastoma cells and on blood brain barrier epithelial 
cells [153, 154]. Transferrin-conjugated chitosan-poly-ethy-
lene glycol nanoparticles loaded with paclitaxel demonstrate 
higher cytotoxicity against human non-small cell lung cancer 
cells (NSCLCs), as well as the transferrin-over-expressing 
HOP-62 [155]. 

Inorganic nanoparticles are non-toxic, hydrophilic, bio-
compatible, and highly stable compared to organic materials. 
There reduced adverse effects and drug delivery abilities 
have made them suitable as diagnostic contrast agents [156]. 
Amongst these nanoparticles, quantum dots are tiny light-
emitting semiconductor nanocrystals with unusual electronic 
and optical properties that make them extremely fluorescent, 
photo-bleaching resistant, and prone to observation and bio-
imaging purposes [157]. Alternatively, when they are conju-
gated to active ligands, they become effective methods for 
theranostic applications. In a recent example, a poly(ethylene 
glycol) [158]-coated quantum dots (Fig. 6) were attached to 
anti-HER2 antigen and targeted in specific tumor cells [159]. 
This technique showed a new route towards the preparation 
of biocompatible, non-toxic QDs, which may be used for 
both in vitro and in vivo diagnostic and therapeutic applica-
tions.  

Nanoparticles based on gold have sparked interest due to 
their low toxicity and optical and electrical properties [160]. 
They are being used primarily as bio-imaging agents for X-
rays, computed tomography, photoacoustic imaging, and 
photodynamic therapy [161, 162]. The Food and Drug Ad-
ministration [46] approved a nanoshell developed from a 
silica core and a gold shell covered with PEG and marketed 
as AuroShell (Nanospectra) for the diagnosis of cancerous 
breast cells by photodynamic therapy [163]. 

The most researched nanomedicine structures are super-
paramagnetic iron oxide nanostructures (SPIONs), employed 
in magnetic hyperthermia [164]. In magnetic hyperthermia 
therapy, the magnetic field is used to cause heat changes 
around cancerous cells, thereby inducing apoptosis. The heat 
is attributed to the interaction of magnetic fields in the parti-
cles once it is introduced, and the resulting relaxation cycles 
(Brownian and/or Neel relaxation) at which heat is emitted, 
when the magnetic field is withdrawn and the particle mag-
netization goes back to zero [165]. Magnetic hyperthermia 

can penetrate any area of the body and SPIONs can serve as 
MRI bioimaging agents to monitor their correct localization 
before exposure and stimulation [166]. To impart targeting 
properties, the particles can be filled with biocompatible 
polymers and/or lipids and functionalized with different 
ligands. Iron oxide nanoparticles capped with aminosilane 
(Nanotherm) have received approval for glioblastoma treat-
ment [167]. SPIONs have been directly embedded with an 
anti-cancer drug in lipid nanocarriers, thereby coupling 
chemotherapy with hyperthermia [168, 169]. 

 

Fig. (6). Schematic diagram of quantum dots-polyethylene glycol 
(QD-PEG). (A higher resolution / colour version of this figure is 
available in the electronic copy of the article). 

Recent study reports have shown that lipid nanoparticles 
coupled with superparamagnetic iron oxide nanostructures 
(SPIONs) [170] and temozolomide are successful in the 
treatment of glioblastoma as they integrate traditional che-
motherapy and hyperthermia [171]. As shown in (Fig. 7), 
they comprise of core-shell super-paramagnetic nanofluids 
and consist of surface-functionalized magnetic iron oxide 
nanoparticles with a coat of carboxymethyl cellulose groups. 
These behave as magnetic nano-heaters that destroy cancer 
cells by hyperthermia through the heat generated by applying 
an alternating magnetic field. 

Dendrimers are yet another sub-group of nanoparticles 
made up of polymers with a repetitive branching structure 
characterized by a spherical morphology [172]. Its design 
can be managed quickly, rendering its layout highly scalable 
for several uses. Moreover, several recent research studies 
show that in vivo tumor variants, poly-L-lysine (PLL) den-
drimers, packed with doxorubicin induce anti-angiogenic 
responses [173]. There are current clinical studies for the 
diagnosis of inoperable liver cancers which does not react to 
traditional treatments for a formulation based on a dendrimer 
and a rhenium complex combined with an imidazolium 
ligand [174] 

Nano-delivery systems provide a flexible framework of 
bio-compatible and bio-degradable systems capable of deliv-
ering traditional anti-cancer medications in vivo, boosting 
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their bio-availability and tumor tissue concentration, and 
enhancing their release characteristics. They can be used for 
various applications, ranging from treatment to therapy. An 
area recently explored as efficient drug delivery vehicles is 
the extracellular vehicles (EVs), which are known to be re-
sponsible for cancer growth, micro-environmental alteration, 
and are needed for tumors progression [175, 176]. Exploiting 
these qualities opens up possibilities for targeting drugs to 
tumor sites using extracellular vesicles targeted therapy and 
immunotherapy. 

Furthermore, the extracellular vesicles have the advan-
tage that they are physiologically secreted. They exhibit 
good molecular characterization, have shown high biocom-
patibility, and are easily modifiable/loadable in vitro [176, 
177]. However, these depend on the particular nanoparticles 
used. 

6. PREVENTIVE/ THERAPEUTIC 

A worldwide cancer mortality projection of 19.3 million 
cases per year until 2025 is alarming. More than half of can-
cer cases and mortality occur in low- and middle-income 
countries, and these proportions are expected to increase by 
the year 2025 [178]. The cancer diagnoses and subsequent 
targeted therapies have achieved notable successes in some 
cancers. However, this approach is known to hold a signifi-
cant number of negative properties, such as toxicity, high 
costs, and relapse of patients after a few disease-free months. 
For these reasons, prevention is still and will always be the 
best alternative. 

6.1. Natural Anti-oxidants  

The human body faces various exogenous assaults on a 
daily basis, such as ultraviolet (UV) radiation, air pollution, 
and tobacco smoke, culminating in the development of reac-
tive species, particularly oxidants and free radicals, blamed 
for the emergence of many diseases such as cancer [179]. 

These molecules could also be formed as a result of medici-
nal drug treatment, but they are also spontaneously generated 
by mitochondria and peroxisomes within the cells and tis-
sues, and by metabolism from macrophages, during regular 
aerobic physiological activities. Oxidative stress from reac-
tive oxygen species are capable of destroying DNA (genetic 
changes, DNA double-strand splits and chromosomal aberra-
tions) [180], and other bio-macromolecules, such as lipids 
(membrane peroxidation and necrosis and proteins) [181], 
significantly altering the function of transcription factors 
and, ultimately, important metabolic pathways [182, 183]. 
The body's defenses against these molecules often show in-
adequacies in overcoming the tremendous losses that have 
been created. 

Together with studies into the functions of the superoxide 
dismutase (SOD), catalase [12] and glutathione peroxidase 
(GP) biological enzymes, natural anti-oxidants, such as vi-
tamins, polyphenols and bioactive compounds derived from 
plants are being researched for protective agents and possible 
medicinal drugs [184, 185]. The anti-inflammatory and anti-
oxidant effects of these molecules are present in many foods 
and spices [186]. The vitamins, alkaloids, flavonoids, caro-
tenoids, curcumin, berberin, quercetin, and many other sub-
stances have been tested in vitro and checked in vivo, exhib-
iting strong antiproliferative and pro-apoptotic effects, and 
have been fronted to complement existing cancer treatments 
[187, 188]. The advantages associated with this approach 
include the fact that they are available easily and in large 
quantities. However, due to their limited bioavailability, their 
integration through clinical practice remains difficult [189, 
190].  

7. DISCUSSION 

Today, the most common reports on chemotherapy 
treatments in the clinical research database 
(www.clinicaltrials.gov) refer to the words precision therapy, 

 

Fig. (7). SPIONs for hyperthermia therapy of cancer cells. (Adapted from [171]). (A higher resolution / colour version of this figure is avail-
able in the electronic copy of the article). 
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immunotherapy, and gene therapy, demonstrating that these 
are the most prevalent techniques (Fig. 8) under study, espe-
cially when they have displayed success and effectiveness as 
already stated. The rising number of these new technologies 
demonstrates how the potential and applicability are increas-
ing rapidly to substitute and/or strengthen traditional thera-
peutics. Radiomics, immunotherapy, and exosomes can be 
seen as the categories whose numbers have risen most in the 
last decade. 

The current situation for cancer research is broad, provid-
ing several opportunities for innovation, taking into account 
not just the rehabilitation of patients but rather their well-
being during treatment [191]. Such new techniques offer 
several benefits in comparison to conventional treatments. 
Nonetheless, to boost their performance, several drawbacks 
have yet to be resolved [192-195]. Great advances have been 
made, but even more are likely to emerge in the coming 
years, creating more ad hoc customized treatment. 

Due to the possibility of targeting several signaling 
pathways in combination therapy, there are possibilities of 
utilizing the various pathway mechanisms by a combination 
of the different therapies to lessen the progress of resistance 
in cancer cells. Literature reports on the combination of dif-
ferent therapies indicate that a combination of radiation and 
immunotherapy could increase the therapeutic response to 
immunotherapy. This is through several synergistic mecha-
nisms that enhance tumor antigens visibility and activation 
of the various pathways through the modulation of the tumor 
microenvironment [196]. Results from preclinical and clini-
cal studies show potential in the efficacy of combined ther-
apy of the two but it requires further investigation [196]. It 
has, however, not yet been proved whether immunotherapy 
could conversely improve a tumor’s sensitivity to radiation.  

Earlier studies determining the synergistic effects of a 
combined model of liposomal drug delivery and radio-
frequency (RF) ablation using animal tumor model by Gold-
berg and the group, indicated that the combined therapy had 
enhanced anti-tumor effects compared to RF ablation alone 
[197]. This established that the use of a combination of 

liposomes in drug delivery improved tumor ablation by ra-
diofrequency. Another in vitro study used melanoma cells 
from mice to explore the effects of a combinatorial therapy, 
using gene transfer combined with magnetic hyperthermia. 
Another group of Ito Akira reported that the combined ther-
apy, to a greater extent, halted tumor progression over a pe-
riod of 30-days. They observed a total reversion of tumors in 
30% of the test sample [198]. The mice that recovered were 
the ones from the combined therapy tests only. Their work 
established that the strategy of merging the use of gene ther-
apy and magnetic hyperthermia could be applied clinically to 
advanced tumors [198]. 

The aim of using a combinatorial therapy is mainly to 
utilize one method to enhance a tumor's sensitivity to an-
other. This may have the advantage of achieving better cyto-
toxicity profiles by using reduced dosages. Challenges arise, 
especially in predicting the response to combined therapy, 
keeping in mind that identification of biomarkers to predict 
the response of one treatment method is itself a challenge 
[199]. Moreover, the combination itself may produce new 
tumor signaling pathways, or affect the known pathways to 
the extent of altering the behavior and response of the treat-
ment [200]. Also, a response(s) from one therapy may de-
velop at a later point in time than the responses from others 
since each follows a distinct and different pathway.  

In the light of these challenges, identifying a common 
bio-marker that elicits a predictable “universal response” 
may not be feasible.  

A major challenge in immunotherapy is the difficulty of 
efficiently delivering enough loads of antigens into dendritic 
cells for the subsequent activation of a sufficient number of 
T cells and CD4+ helper T cells to attack cancerous cells 
[201]. Literature reports on the applications of Iron oxide 
nanoparticles, in combination with immunotherapy, show 
iron oxide nanoparticles as plausible transporters for suffi-
cient antigens into dendritic cells [201].  

Natural compounds combined with conventional treat-
ments may help in overcoming some resistance by altering 
regulatory cell pathways that are accountable for drug resis-

 

Fig. (8). Summary of the number of clinical trials started during the years 2008–2010 (blue) and from 2017 until today (orange). Date ac-
cessed: 01/08/19. (A higher resolution / colour version of this figure is available in the electronic copy of the article). 
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tance in cancer cells [202]. The use of anti-oxidants in com-
bination with exosomes has been shown to improve the sta-
bility, solubility in vitro, and anti-inflammatory effects of the 
anti-oxidants, resulting in better outcomes compared to ei-
ther one alone. This has been reported by a group working 
with curcumin encapsulated with exosomes. They found that 
the stability and systemic bioavailability of the exosomal-
curcumin resulted in a five- to ten-fold better accumulation 
of curcumin in the blood, compared to curcumin alone in 
vivo [203].  

The capability to culture liposomes with cancer cells to 
yield exosomes with precise proteins may result in enhanced 
treatment profiles. To improve the solubility of hydrophobic 
drugs, it has been demonstrated that the effectiveness of pre-
loaded anti-cancer exosomes is higher by the use of 
liposome-delivery in cells. Compared to control liposomes, 
the liposome-fuctionalized exosomes displayed greater reten-
tion of exosomes in circulation and a subsequently enhanced 
efficacy [204]. Since exosomes are known to be unstable in 
vivo, this could point to the stability-enhancing properties of 
the combined therapy. The combined treatment was shown 
to suppress cancer progression in multiple mouse models of 
pancreatic cancer, significantly improving their general sur-
vival rates [204]. 

This may result in enhanced susceptibility of cancer cells 
to other therapies, thereby mutually strengthening the overall 
outcomes for both therapeutics. For the treatment of Triple 
Negative Breast Cancer (TNBC), Chalakur-Ramireddy and 
co-workers suggested that a better treatment outcome could 
be achieved by selecting suitable combination treatment by 
studying patient-specific molecular features, biomarkers, 
clinical and pathological characteristics [205]. This is af-
firmed by the large number of clinical trials (almost 80%) 
currently utilizing combination treatments to study new 
therapeutic approaches for the treatment of TNBC.  

The summarized synergistic combinations for the thera-
pies, as reported in the literature are as summarized in Fig. 
(9). 

Although this is not an exhaustive interrelationship, it 
clearly shows the possibilities and opportunities that exist in 
exploring combinations of different therapeutic procedures 
in efforts to synergistically optimize the already tested treat-
ments.  

CONCLUSION 

Even though there are quite a variety of plausible hy-
potheses on how to manage cancer, there are still some in-
herent issues that cannot be overlooked in finding a cure, 
especially for solid tumors. First, tumors are not just a single 
disease but a number of diseases that have selective re-
sponses to different anti-cancer agents. In order to detect 
disease genotypes, robust repositories are needed to manage 
vast volumes of data from the expression of genes, histology, 
3D tissue modeling (MRI), and metabolism characteristics 
(positron emission tomography, PET) [206-208].  

Progress into cancer therapy has taken significant strides 
in recent years toward more reliable, accurate, and less intru-
sive therapies. While nanomedicine, along with targeted 
therapy, has continued to enhance the biodistribution of 
emerging or already approved therapeutic drugs around the 
particular tissue to be handled, other methods, such as gene 
therapy, nanoparticle delivery, immunotherapy, and anti-
oxidant molecules, offer new opportunities to cancer victims 
[209-211]. Thermal ablation and electrical hyperthermia, on 
the other side, offer solutions for resection of tumors [212, 
213]. Not only can tumors from the same population be dis-
tinct, but not all cells are identical even from the same tumor 
in that same individual. Genotyping has shown that, when 
analyzed using the standard histological staining method, 
what appears as a single disease could possibly be multiple 
cancers, with separate prognoses, that could require different 
treatments [214].  

Ultimately, approaches to radiomics and pathomics help 
enhance diagnosis and result in the handling of large data 
collections from cancer victims [215-218].  

 

Fig. (9). Combination therapies and their corresponding synergistic summary.
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Taken collectively, these approaches would be able to 
provide people with cancer with the most tailored treatments, 
emphasizing the importance of combining different fields to 
achieve the best results [58]. 

Cells can develop inhibitors in the form of enzymes to 
render drugs inactive [219, 220]. They may also develop 
various pathways to eject cell-based anti-cancer agents 
through specific proteins, such as P-glycoprotein 1, also 
known as multidrug resistance protein 1 (PgP) [221, 222].  

While cancerous cells vary from healthy cells in many 
ways, the distinction has so far been difficult to analyze and 
exploit [223]. Chemotherapeutic medications are, thus, ex-
pected to also impose adverse effects on healthy cells, de-
spite their innermost modes of action [224]. This is demon-
strated by the cardiotoxicity of trastuzumab, a medication 
that directly binds to HER-2 receptors [225]. The use of dif-
ferent drug combinations is undoubtedly quite relevant, 
though it has not proven to be the final solution so far. Since 
cancer contributes to the breakdown of many complicated 
cellular functions, the most effective path may be to combine 
multiple strategies [2, 196]. This may include focusing on 
specific targets in cancer cells and several other rapidly-
growing cells and triggering an immune response by increas-
ing the normal immune response of the specific cancer cells 
[226]. 
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