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Over the past decades, oncology has occupied the lion’s share of all nanomedical ap-
plications [1-3]. In 2020, up to 65% of the clinical trials involving nanomaterials were 
attending to cancer therapeutics and diagnostics [4]. The focus of most trials is not lim-
ited to enhancing the efficacy of available therapeutics or the accuracy and precision of 
existing diagnostic tools but rather directed to improving the quality of life of cancer pa-
tients. Indeed, one approach to overcoming drug resistance can be achieved via modulat-
ing the pharmacological characteristics of these therapies [4, 5]. This, in turn, permits 
their passive and selective delivery to the targeted tumorigenic sites. Furthermore, the 

use of biocompatible drug delivery systems embracing cancer-specific antibodies facilitates the active delivery of 
these therapeutics to cancer cells [6].  

A breakthrough application of nanotechnology was the modification of key chemotherapeutics such as cisplatin, 
doxorubicin, and paclitaxel [6]. These highly efficacious drugs are used to combat a variety of cancers. For in-
stance, cisplatin is currently sought as a treatment for breast, bladder, genital, gastrointestinal, lung, and prostate 
cancers among others [7]. Although it is still considered a first-line therapy for a battery of tumors, its application is 
limited due to its deleterious side effects. The pleiotropic effects of cisplatin were reflected by (1) preventing DNA 
replication and arresting cellular proliferation, (2) generating reactive oxygen species, and (3) affecting the homeo-
stasis of the mitochondria and the endoplasmic reticulum, have rendered cisplatin a nonspecific chemotherapeutic 
agent that affects almost tissues with high proliferative index. This explains the many undesired side effects that 
include nephrotoxicity, neurotoxicity, and ototoxicity among others [7]. The morbid outcomes implied by these tox-
ic effects cannot be disregarded. Unfortunately, even after years of treatment, cisplatin-treated patients may suffer 
from permanent irreversible outcomes such as hearing loss and kidney failure. The same applies to paclitaxel, which 
is often associated with peripheral neuropathy in up to ~ 70% of patients. Indeed, this neurotoxicity is irreversible in 
some of these patients [8]. Modalities and approaches that reduce these side effects would significantly enhance the 
quality of life of treated patients and boost their momentum against cancer. Accumulating evidence clearly shows 
the promising future that nanoformulations are well-suited to assume. 

The life-changing side effects associated with several essential therapeutics have fueled both the discovery and 
the evaluation of nanoformulations in pre-clinical studies and multi-phase clinical trials. Interestingly, two and five 
different nanoformulations of doxorubicin and paclitaxel, respectively, are currently approved and available in the 
market, and dozens of new formulations are being investigated in ongoing clinical trials [6]. These new formula-
tions are posed to not only reduce the toxicity of their precursors but also to improve their delivery to targeted tumor 
cells while sparing healthy cells. Second-generation nanomedicines are likely more capable of delivering more than 
one therapeutic at a time and releasing their cargo in response to extrinsic (i.e. heat, light, magnetic field) or intrin-
sic stimuli (i.e. pH or redox changes, enzymatic cleavage) [6, 9]. 
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More recently, nanomedicine has emerged as an attractive tool for delivering gene therapies. The value of these 
innovative modalities and the efficacy of nanomaterials in ensuring delivery and physiologic stability have been 
lately enforced during the pandemic of COVID-19. Interestingly, the most successful mRNA-based COVID-19 
vaccines were coupled with liposomal carriers to prevent the premature degradation of mRNA and enhance its 
physiologic stability [6]. In oncology, this novel therapy is likely gaining more attention as a compelling tactic for 
suppressing tumorigenesis at the genetic level. Impressively, although few gene therapies are currently approved for 
use in clinics, hundreds are being assessed in ongoing clinical trials [6]. Coupling these therapies with biocompati-
ble nanocarriers is crucial as it can drastically improve their delivery to the tumor site while minimizing their degra-
dation.  

The therapeutic value of nanotechnologies is also portrayed in the development of immunotherapies geared to-
ward inhibiting tumor progression. Immunotherapies, which include two rising entities, namely cancer vaccines, 
and chimeric antigen receptor T cell therapies, in addition to the well-established subset of the immune checkpoint 
inhibitors can significantly benefit from nanotechnology [6]. This growing technology can optimize the delivery of 
these therapies as well as their cellular uptake while allowing the exclusive targeting of cancer cells. This is particu-
larly achievable as nanocarriers can be easily modified to incorporate tumor-specific antigens, permitting targeted 
delivery [6].  

Together, nanotechnology is a low-hanging fruit capable of improving both the treatment and the diagnosis of 
hard-to-treat cancers. It opens new avenues to personalized medicine as it can account for the heterogenous nature 
of almost all cancers [10-12]. Nonetheless, the high cost of generating effective nanomedicines along with the 
lengthy course needed to transfer these medicines from wet bench to clinical practice remains the key hurdle to suc-
cess. Hence, it is very important to approach these much-needed inventions from a cost-effective perspective.  

CONCLUSION 

Nanomedicine is proving to be a rather attractive modality in the management of several diseases including can-
cer. However, it is of paramount importance to consider the various hurdles that have so far prevented many 
nanocarriers from attaining the ultimate phase of clinical trials. Moreover, to reduce the failure rate and the cost of 
fostered nanocarriers, one should first address the bottleneck limitations facing the therapeutic success of nanomed-
icine. These include (1) suboptimal permeability and retention of these vehicles at the tumor site, (2) limited capaci-
ty to couple nanocarriers simultaneously with multiple therapeutics, and (3) scarcity of pre-clinical studies involv-
ing humanized animal models that are more comparable to the human physiology.  
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