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Abstract: The inherent limitations of conventional cancer therapies have stimulated the growth of cancer nanomedicine. 
This is primarily attributable to its unique features for drug delivery, diagnosis and imaging, synthetic vaccine 
development and miniature medical devices, supplemented with the inherent therapeutic property of some 
nanomaterials. Nanotherapies that integrate some of these features are already in use and others have great potential in 
clinical development, with definitive results in near future. In order to develop smart cancer nanomedicine, it is very 
essential to bridge the gap between Bio-Nanoscience and Cancer Nanomedicine with a better understanding about the 
molecular basis of cancer. The development of smart cancer nanomedicine can be accelerated by patient stratification, 
rational drug selection, combination therapy, synergism with immunotherapeutics. The nanoplatforms that exhibit a 
significant increase in progression free survival are most desirable.  
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1. INTRODUCTION 

Since the beginning of era of cancer chemotherapy 
in 1940s, there has been significant improvement in 
anticancer drugs resulting in treatment for many fatal 
cancers. The adjuvant chemotherapy and hormonal 
therapy have been found to improve overall survival 
and prevent disease recurrence following surgical 
resection of malignancies. Despite increased number 
of therapeutic options, the cancer therapy remains a 
challenge for physicians and researchers because of 
tumour resistance. In this context, a better 
understanding about the molecular basis of cancer is 
utmost important for development of therapeutic 
strategies that allow an effective combat against this 
malignancy and improve quality of life for patients. The 
inherent limitations of conventional cancer therapies 
prompted the development and application of various 
nanotechnologies for more effective and safer cancer 
treatment, referred to as cancer nanomedicine. 
Abraxane is one of the nanotechnology-based drugs 
that has been approved by the U.S. Food and Drug 
Administration (FDA) to treat breast cancer, non-small- 
cell lung cancer (NSCLC) and pancreatic cancer. It is 
commercially available. It is paclitaxel containing 
albumin nanoparticles [1].  

The growing interest in applying nanotechnology to 
cancer is principally attributed to its uniquely appealing 
features for imaging and diagnosis, drug delivery, 
synthetic vaccine and miniature medical devices  
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development. This also include nanomaterials having 
inherent therapeutic properties. Nanotherapies that 
incorporate some of these features (for example, 
improved circulation and reduced toxicity) are already 
in use today, and others show great promise in clinical 
development, with definitive results expected in the 
near future.  

Presently available nanotherapies exhibit improved 
mean residence time and reduced toxicity and many of 
them under clinical evaluation have immense potential 
in near future. Nanoplatforms like liposomes, albumin 
nanoparticles, polymeric micelles have been approved 
for cancer treatment whereas, hyperthermia, 
immunotherapy, radiation therapy, gene or RNA 
interference (RNAi) therapy are being clinically 
evaluated [2]. 

Nanotechnology offers distinct features for varied 
oncological applications including augmentation of the 
physicochemical and pharmacokinetic properties of 
therapeutic molecules viz. stability, solubility, mean 
residence time, tumour accumulation and retention. 
Targeted drug delivery to a tissue, cell or organelle 
resulting in sustained or stimulus-triggered drug 
release. Thus, facilitating the delivery of 
macromolecular drugs like DNA, small interfering RNA 
(siRNA), mRNA and protein to intracellular sites of 
action. Hence, Drug therapeutic index can be 
augumented by either increasing efficacy and/or 
reducing toxicity. Drug resistance can be overcome by 
co-administration of multiple drugs, leading to improved 
therapeutic efficacy by providing more defined control 
of the spatiotemporal exposure of each drug and the 
delivery of appropriate drug proportion to the target 
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site. This also includes transcellular transport of drugs 
across tight epithelial and endothelial barriers like 
gastrointestinal tract and the blood–brain barrier. 
Therapeutic agents can be combined with imaging 
modalities for more sensitive cancer diagnosis, 
imaging, visualization and/or real-time feedback on the 
in vivo efficacy of a therapeutic agent. This can be 
further supplemented by new approaches for the 
development of synthetic vaccines, miniaturized 
medical devices for cancer diagnosis, drug screening 
and delivery. Nanomaterials like gold nanoshells, 
nanorods and iron oxide nanoparticles exhibit inherent 
therapeutic properties upon appropriate stimulation by 
radiation, heat or magnetic field [2, 3].  

Liposomal doxorubicin (LD); Doxil and Myocet were 
the first category of therapeutic nanoparticles to receive 
clinical approval for cancer treatment along with other 
lipid-based nanoparticles [4]. They still denote a large 
share of clinical-stage nanotherapeutics. Although 
encapsulating drugs in liposomes has been broadly 
shown to improve PK and biodistribution, as yet no 
marketed liposomal therapeutic agents have exhibited 
an overall survival (OS) benefit when directly compared 
with the conventional parent drug [5].  

The recent phase III results of liposomal 
cytarabine– daunorubicin (Vyxeos; also known as 
CPX-351) compared with the standard care regimen of 
daunorubicin and cytarabine in patients with high-risk 
acute myeloid leukaemia, showed improved overall 
survival of 9.56 months versus 5.95 months. In late 
2016, this fact was encouraging for the field of cancer 
nanomedicine and regulatory filing for the approval of 
Vyxeos. Paclitaxel containing albumin nanoparticles 
(nab-paclitaxel; Abraxane) was the second class of 
nanomedicines to be commercialized. The nab platform 
enables formulation of hydrophobic drugs while largely 
mitigating the need to use toxic excipients. The result 
may be a better tolerated drug that can be used at 
higher doses and administered more quickly, thus 
enabling a higher drug C max and plasma area under 
the curve (AUC). Upon intravenous infusion, nab-
paclitaxel rapidly dissociates into its albumin and 
paclitaxel constituents and has not been demonstrated 
to substantially alter the PK and biodistribution of 
parent molecule.  

A dosing schedule of every-3-week of nab-paclitaxel 
was found superior to paclitaxel in terms of time to 
progression and response rate. However, once per 
week dosing did not show similar response in 
progression free survival and moreover resulted in 

increased toxicity in patients with breast cancer [6]. 
Two classes of novel cancer nanotherapeutics include 
Polymeric micelles like, Genexol-PM21, NK105 and 
Polymeric nanoparticles for example, CRLX101, BIND-
014 and AZD-2811 Accurin [7-9]. In recent past, 
disappointing clinical results have been reported for 
BIND-014, CRLX101 and NK105, emphasizing the 
need to redesign development strategies, including 
potential patient selection to recognize those most 
likely to respond to nanotherapeutics [9]. Inorganic 
nanomaterials for example gold nanoshell, iron oxide 
NP and hafnium oxide NP are also being investigated 
for use in cancer patients, with the iron oxide NP-based 
NanoTherm already marketed in Europe for 
glioblastoma [10-13]. 

Nanoparticles are potential carriers not only for 
conventional chemotherapeutics but also for novel 
molecularly targeted anticancer therapeutics like 
antisense oligonucleotides, small interfering RNA 
(siRNA), messenger RNA (m-RNA) and DNA inhibitor 
oligonucleotides [10, 14-16]. The first therapeutic 
knockdown in humans by polymeric nanoparticle-based 
systemic siRNA delivery was reported by Davis et al 
(2010) [16].  

The use of viral nanoparticles for therapeutic 
delivery has been enabled by genetic and chemical 
engineering techniques [17]. This include the use of 
adeno virus, approved by the European Union for 
lipase deficiency, lentivirus in numerous clinical trials 
for cell-based gene therapy and immunotherapy of 
several diseases including cancer. Engineered plant 
viruses for example, tobacco mosaic virus and potato 
virus X have been used for cancer therapy in animal 
models [18-21]. With their endogenous origin and 
organ tropism, exosomes have also been proposed for 
carrying anticancer payloads to target tumours [22]. 
Novel inorganic NPs such as nanodiamond and 
graphene have also received considerable attention for 
cancer therapy [23]. 

There has been paradigm shift in design of 
nanomedicine. Theranostic nanomedicine offers a 
promising strategy by merging diagnostic and 
therapeutic functions into a single NP formulation. It not 
only monitors the pharmacokinetics of therapeutics but 
also progression of disease, giving important insights 
into heterogeneities within tumours and between 
patients for personalized treatment in future [24]. 

By co-delivering multiple active pharmaceutical 
ingredients (APIs), NPs have also facilitated synergistic 
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cancer therapy and avoided some mechanisms of drug 
resistance, as evidenced by co-administration of 
doxorubicin and antisense oligonucleotides in 
liposomes targeting MRP1 and BCL2 of NSCLC tumor 
model [25]. Another example is co-administration of 
doxorubicin and disulfiram in polymeric micelles for 
treatment of drug resistant breast cancer. In addition to 
drug delivery, nanotechnology is gaining importance in 
the area of cancer immunotherapy. NPs have become 
increasingly attractive as potent antigen or adjuvant 
carriers for the preparation of synthetic vaccines, with 
enhanced tissue penetration and/or access to 
lymphatics, preferential uptake by antigen presenting 
cells, sustained release of antigens or adjuvants and 
NP-mediated phagosome escape of antigens for cross-
presentation [26-28]. 

Nanotechnology holds great potential for addressing 
the shortcomings associated with biologics, including 
mAbs that are used for cancer immunotherapy. For 
example, the administration of biologic drugs can 
induce the formation of antidrug antibodies (ADAs) that 
may adversely affect their safety and efficacy. In recent 
past, engineered tolerogenic nanoparticles carrying 
rapamycin have shown to abolish the development of 
ADAs for biologics in rodents and non-human primates. 
Human clinical trials are currently in pipeline. Our 
expectation is that by gaining a deeper insight into 
nano–bio interactions with personalization of 
nanomedicines, and through the use of 
nanotechnology to existing and emerging therapeutic 
modalities, their will be beginning of realization of true 
potential of nanomedicine in cancer [29, 30].  

2. IMPACT OF NANOPARTICLE PROPERTIES ON 
SYSTEMIC DELIVERY TO TUMOURS 

Nanoparticles (NPs) can be made from diverse 
materials with numerous physicochemical properties 
for example particle size, geometry, surface attributes, 
elasticity and stiffness. Moreover they can be modified 
with a numerous targeting ligands of diverse surface 
density. NP properties affect physiological processes 
involved in the delivery of drug to tumour tissues, 
involving blood circulation, serum protein interactions, 
biodistribution, extravasation to tumour 
microenvironment via leaky tumour vessels and tumor 
tissue infiltration, tumour cell targeting and intracellular 
trafficking. NPs can also be formulated to control the 
release profile of drug payloads [2, 31, 32].  

Along with enormous progress in the area of cancer 
nanomedicine, the challenges and opportunities that lie 

ahead have been gradually realized. Foremost, the 
complexity and the heterogeneity of tumours make it 
clear that careful patient stratification is required to 
categorize those most likely to be cured from a given 
nanotherapy [33]. This is quite similar to the targeted 
therapies approved or under clinical evaluation for use 
in specific biomarker-defined patient populations. Most 
therapeutic NPs for solid tumour treatment are 
administered systemically; they accumulate in the 
tumour through the enhanced permeability and 
retention (EPR) effect, which is generally thought to be 
the product of leaky tumour vasculature and poor 
lymphatic drainage. However, this interpretation of EPR 
is somewhat oversimplified, as multiple biological steps 
in the systemic delivery of NPs can influence this 
effect, such as NP–protein interaction, blood 
circulation, extravasation into and interaction with the 
perivascular tumour microenvironment (TME), tumour 
tissue penetration and tumour cell internalization [34]. 
NP properties such as particle size, particle shape, 
surface attributes, elasticity, stiffness, porosity, 
composition and targeting ligand can influence these 
biological processes, thus determining the EPR effect 
and therapeutic outcomes.  

Thus, it is important to point out that most of our 
understanding of NP behaviour in vivo is based on 
animal data, and its translation to NP behaviour in 
humans remains mostly unexplored [35]. Although 
numerous studies have examined the 
pharmacokinetics (PK) of nanotherapeutics across 
species in preclinical and clinical studies, relatively few 
have interrelated data across species to determine 
whether and how NP safety and efficacy in humans 
can be better predicted from preclinical animal models 
[36]. Considerable success has been achieved in this 
field, but the main obstacles to nanomedicine 
becoming a novel paradigm in cancer therapy stem 
from the intricacies and heterogeneity of tumour, an 
inadequate understanding of nano–bio interactions and 
the challenges regarding chemistry, manufacturing and 
controls required for clinical translation and 
commercialization [37]. Nanomedicines are extensively 
employed in cancer therapy. Meel et al. (2019) [1] have 
proposed four strategic directions to improve 
nanomedicine translation and exploitation. (1) Patient 
stratification has become common practice in oncology 
drug development. Accordingly, probes and protocols 
for patient stratification are urgently needed in cancer 
nanomedicine, to identify individuals suitable for 
inclusion in clinical trials. (2) Rational drug selection is 
crucial for clinical and commercial success. 
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Opportunistic choices based on drug availability should 
be replaced by investments in modular (pro)drug and 
nanocarrier design. (3) Combination therapies are the 
mainstay of clinical cancer care.  

The synergism between nanomedicines, 
pharmacological and physical co-treatments, should be 
incorporated in multimodal combination therapy 
regimens. (4) Immunotherapy is transforming the 
treatment of cancer. Nanomedicines can alter the 
behaviour of myeloid and lymphoid cells, thereby 
augumenting anticancer immunity and immunotherapy. 
Either alone or in combination these four strategies 
provide the basis for rational development of smart 
cancer nanomedicine.  

3. BRIDGING THE GAP BETWEEN BIO-
NANOSCIENCE AND CANCER NANOMEDICINE 

The interface of bio-nano science and cancer 
medicine is an area experiencing much progress but 
also beset with controversy. Fundamental concepts of 
the field primarily the enhanced permeability and 
retention (EPR) effect leading to tumor targeting and 
accumulation, and even the basis of "nano" in cancer 
medicine-are hotly debated. Simultaneous advances in 
allied disciplines like "immuno-oncology" are changing 
our understanding and perspective on treatment of 
cancer.  

Herein, one should (i) reconsider how cancer is 
usually treated in the clinic and how it can be improved 
with nanomedicine; (ii) examine the current discussion 
on the relevance of the EPR effect and tumor targeting; 
(iii) Focus on ways to improve next-generation 
nanomedicines (iv) deliberate on the concept of 
working in unison with biology. 

While discussing these controversies, challenges, 
emerging concepts, and opportunities, we explore new 
directions for the field of cancer nanomedicine [38]. 

4. IMMUNOTHERAPEUTICS AND NANOMEDICINE 
SYNERGISM  

Nanomedicine-based tumor targeting is typically 
achieved via two main mechanisms, i.e., passive and 
active targeting. Passive targeting relies on the 
enhanced permeability and retention (EPR) effect [39]. 
The EPR effect discovered three decades ago, still 
forms the basis of delivery of nanoparticles and 
macromolecules to solid tumors [40]. Moreover it 
supported increased microvascular permeability of 
macromolecules into tumours in comparison to normal 

tissues, supporting the use of large-size medicinal 
agents in cancer treatment. Active targeting relies on 
the decoration of nanoparticles with targeting ligands, 
such as antibodies or peptides, which specifically 
recognize receptors overexpressed at the pathological 
site.  

Both strategies have associated pros and cons with 
respect to specific cell delivery, overall targeting 
efficiency, formulation complexity and translational 
potential [41]. Instead of directly killing cancer cells, 
nanomedicines can combat malignancies by 
modulating antitumor immune responses. This can be 
achieved by developing nanomedicines which (1) 
target cancer cells to elicit immunogenic cell death; (2) 
target immune cells, such as macrophages, dendritic 
cells and T cells, or immunosuppressive pathways in 
the tumor immune microenvironment; and (3) target the 
peripheral immune system, comprising lymph nodes 
and spleen [42-46]. There is ample evidence to support 
the fact that nanomedicines can potentiate antitumor 
immunity and synergize with established 
immunotherapeutics to improve response rates and 
overall survival time of cancer patients [47]. 

5. CONCLUSION 

Nanoparticles have been widely reported as carriers 
for chemotherapeutics, thus Cancer nanomedicine has 
profound potential to revolutionize medicine. We must 
improve our understanding of tumour heterogeneity 
and identifying EPR markers which will enable 
selection of patients maximally responsive to 
nanotherapies.  

A full understanding of nano–bio interactions, 
systemic transport of NPs to tumour cells and targeting 
of NPs to the Tumor microenvironment or 
premetastatic niche will lead to safer and more 
efficacious nanotherapeutics. Considering the 
challenges of controllable, reproducible and scalable 
nanoparticle preparation, characterization and 
evaluation, will facilitate clinical development. Although 
most approved nanomedicines have used conventional 
drugs as payloads, it is anticipated that further 
generation of nanomedicines will incorporate new 
molecular entities for example, kinase inhibitors and 
novel classes of therapeutic agent for example, siRNA, 
mRNA and gene editing. In summary, we are rapidly 
acquiring a much deeper understanding of the 
challenges and opportunities presented by cancer 
nanomedicine. This Review has explored the 
importance of the convergence of nanotechnology and 
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tumour biology for more successful development and 
clinical translation of nanotherapeutics. We expect that 
nanomedicines will shift the paradigm of cancer 
treatment, and that the true goal of cancer 
nanomedicine — dramatic improvement in patient 
survival — will become a reality in future. 
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