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 Nanotechnology recently gained attention for the novel and successful tools it has 
thus far provided for cancer diagnosis and treatment. Some of them include lipid-based carriers 
such as liposomes and metal-based particles such as nanoshells (NSs), used for anti-cancer 
drug delivery for the most part. Each one of these systems has been carefully designed in order 
to bypass the obstacles brought forward by conventional diagnosis and treatment strategies. 
These challenges include non-specificity, premature drug release and toxicity. From research 
conducted over the years it is clear that nanocarriers ameliorate bioavailability, specificity 
and accumulation of the drugs at the target site. These improvements can be explained by 
their easily adjustable physical and chemical properties. Alterations to their size and surface 
structure are often made to enhance their accumulation at the target sites and overall targeting 
capabilities respectively. Some nanocarriers such as quantum dots (QDs) and carbon nanotubes 
(CNTs) display excellent fluorescent properties and are useful candidates for imaging techniques 
and fluorescence-guided surgery. Another group of promising nanoparticles is biomimetic 
nanoparticles that mimic the functionality of biological components. These NPs are designed 
to mimic basic cellular and physical features of the source cells and their surface. This type of 
NPs construct is exploited for its unique characteristics that aid in effective interaction with 
complex biological systems, consequently enhancing therapeutic outcomes After establishing 
them as adequate tools for drug delivery and imaging, nanocarriers are now being tested in 
combined cancer treatment strategies. This review provides an understanding of the salient 
nano-devices and their applications in oncology.

Keywords: Drug delivery; Enhanced permeability and retention (EPR) effect;
Near-Infrared (NIR); Nanocarriers; Stimuli-Responsive.

 Cancer  i s  a  ub iqu i tous  d i sease 
characterized by the abnormal and uncontrolled 
proliferation of cells within the body, combined 
with metastasis. Despite extensive research on the 
various types of cancer and technological advances, 
it still remains the leading cause of death globally. 
According to GLOBOCAN 2018, the number of 
new cases is estimated to reach 29.5 million by 

the year 20401. With the intention of improving 
prognosis and cancer patient survival rates, 
various analysis and imaging techniques have been 
employed for their detection and diagnosis. Such 
examples include Magnetic Resonance Imaging 
(MRI), mammography, Computed Tomography 
(CT), cytology, and histopathology2. However, 
these methods prove to be competent when there 
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are significant changes to the related tissues. In 
other words, by the time the cancer is detected, 
there are abundant abnormal cells and the tumour 
has metastasized3. Additionally, the latter two 
techniques make it difficult to diagnose low 
grade lesions including gastrointestinal, urinary, 
respiratory, and pancreatic lesions, ultimately 
giving rise to a false positive diagnosis4,5. Hence, 
the aforementioned tools demonstrate their 
inefficiency in detecting cancers at an early 
stage2,6. The need to overcome this challenge has 
thus urged scientists and researchers to explore 
the field of nanotechnology, which appears to be 
promising as far as cancer diagnosis and treatment 
are concerned. Efficacy in cancer detection and 
therapy by nanoparticles (NPs) and nano carriers, 
for the most part, is often attributed to their 
sensitivity to biomarkers in relation to the cancer, 
targeted drug delivery, and increased accumulation 
of drugs in affected tissues7. An example is the 
use of lipid-based NPs, such as liposomes, for 
controlled delivery to selected cells while reducing 
side effects of the pharmaceutical agents8. Other 
nano-based technologies have also been applied 
in clinical practice, including CNTs and QDs for 
targeted imaging, and gold nanoparticles GNPs for 
phototherapy for the treatment of malignancies2. 
This review provides a brief insight into some of 
the important nano-based tools and techniques used 
for early detection and treatment of cancers, as 
well as the recent advancements as far as NPs are 
concerned. We also discuss the interaction of these 
NPs and nano carriers with the immune system, and 
discuss the superiority of nano-oncology. 
Nano-based tools for cancer diagnosis and 
therapy
Liposomes
 Liposomes are an example of colloidal 
vesicles that have the ability to modify the 
distribution of the substances they carry. They 
were one of the first products of nanotechnology 
to be studied as a potential carrier of drugs for 
cancer treatment. Liposomes are spherical vesicles 
composed of a phospholipid bilayer and are 
capable of transporting water soluble and insoluble 
anticancer medications, while protecting the drugs 
from degradation by host enzymes and chemicals9. 
From extensive research over the years, it is 
clear that decreased toxicity, and enhanced drug 
accumulation at the target site as a result of the 

enhanced permeability and retention (EPR) effect, 
make these lipid carriers an attractive delivery 
platform10. EPR is a phenomenon that is strongly 
dictated by the size of the molecules. Particles that 
are small enough tend to accumulate in tumour 
tissues more easily compared to normal tissues11. 
Initially, conventional liposomes presented short 
circulating times in the blood due to interference 
by the reticuloendothelial system (RES)12. This 
is when certain cells belonging to the immune 
system remove foreign substances from the 
body13. To overcome this, polyethylene glycol 
(PEG) was incorporated onto their surface. PEG 
is known for having low immunogenicity and 
antigenicity properties as well as high stability 
[9,14]. PEGylation helps liposomes escape 
mononuclear phagocytic system cells by forming 
a hydrophilic layer on the lipid surface, thus 
allowing for longer circulation times15,16. Despite 
being able to overcome drawbacks such as short 
circulation times, researchers are facing a perpetual 
challenge, which is the liposomal drugs’ failure 
to increase anticancer efficacy. This is possibly 
due to interactions of liposomes with the host’s 
immune system10. According to a meta-analysis 
from 2016 that compared the anticancer efficacy 
of liposomal doxorubicin to standard doxorubicin 
treatment, it was found that the former did not 
show any significant improvement in objective 
response rates, progression-free survival, or overall 
survival in cancer patients17. However, when used 
in combination with other drugs or gene agents, 
with no regard to PEGylation, liposomal drug 
therapy is efficacious, as demonstrated by other 
clinical studies18-20. Currently, liposomes with 
targeting surface moieties are being assessed. The 
surfaces of these ‘smart’ nanocarriers are grafted 
with antibody or antigen fragments, proteins, 
and glycoproteins in order to actively target the 
malignancies21. Such nanocarriers are also known 
as theragnostic liposomes, which perform the 
function of both therapy and imaging. For instance, 
vesicles in combination with radio-ligands and 
therapeutic agents can be used to diagnose the 
tumour and cancer stage based on the distribution 
of the liposomes, while simultaneously delivering 
the anticancer agent12. 
Micelles
 Micelles form another class of colloidal 
particles. They are dynamic spherical arrangements 
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of amphiphiles22. Apart from having a monolayer of 
phospholipids, they are very similar to liposomes 
in terms of function. The lipid based nanocarrier is 
commonly used for therapeutic agents that are close 
to insoluble in water8,21. Micelles are closely studied 
due to the added advantages over their predecessor, 
liposomes. For instance, supplementation of 
organic solvents and surfactants, for drugs 
taken intravenously, is now almost inessential21. 
Moreover, their small size in comparison to 
liposomes allows maximum penetration into 
the tumour tissues as a result of the EPR effect, 
resulting in better efficacy23. However, efficacy 
cannot be determined merely by penetrating 
capacity. The key element to stability, and thus 
efficacy, is the critical micelle concentration, 
below which micelles will fall apart, resulting in 
premature release of the drug24,25. This ultimately 
leads to negative biodistribution of the drug26. 
Another reason for low efficacy is slow drug 
release, which results in drug inactivation27. This 
happens because the drug spends most of its time 
in the blood making it susceptible to degradation 
by enzymes and the RES, before it reaches the 
target site. In order to avoid this, micelles are 
being developed in such a way that drug release 
is triggered only by stimulation from intracellular 
components of the cancerous cells. For example, 
the high levels of glutathione in tumour cells act as 
a reducing agent and cleave the disulphide bonds 
present in the micelles28-30. These are known as 
reduction-responsive polymers. From a recent 
study conducted by Dong Wan et al., it was inferred 
that such polymers promote fast drug release and 
are more effective as opposed to standard ‘free’ 
drug formulations28. Similarly, other studies 
have concluded that reduction-responsive based 
polymers are a promising solution for targeted 
drug delivery, as well as bioimaging of cancers31,32. 
In addition to intracellular stimuli, researchers 
are also exploiting the components of the tumour 
microenvironment (TME) for triggered drug 
release that is specific to the type of malignancy28. 
Aside from that, micelles, particularly PEG-
polylactic acid micelles have been considered 
as one of the most propitious, as far as colloidal 
carriers are concerned. This is particularly due to 
PEG’s non-toxic nature as well as its ability to 
prevent adsorption of proteins and phagocytes. 
The latter property ensures weakened uptake by 

the RES33. After establishing the main features 
contributing to the success of micelles, scientists 
are now looking into smart strategies, mainly the 
co-delivery of drugs, for cancer therapy34,35. Gong et 
al. recently conducted a study that merged the two 
concepts, active targeting and combined delivery of 
antitumour medication. They investigated triggered 
release of co-delivered drugs in response to contact 
with fibronectin in the TME, using PEGylated 
micelles, for therapy of metastatic breast cancer 
in mice. The drugs doxorubicin and vinorelbine 
were encapsulated in nanocarriers functionalized 
with fibronectin-targeting CREKA peptides. The 
results suggested that inhibition of metastatic 
invasion was attributed to efficient co-delivery of 
drugs, and accumulation of these drugs via active 
targeting34. However, in order for this strategy and 
other smart strategies to be considered reliable, 
and hence transition into clinical settings, more 
studies using cancer patients as subjects need to 
be conducted. 
Nanoshells
 NSs are spherical structures that range 
from 1nm to 20nm in size. They consist of a 
hollow or filled core, typically made from dielectric 
silica, coated with a thin metal layer, usually 
gold or silver.  NSs possess tunable physical 
properties that make them a suitable candidate 
for imaging and therapeutic applications. One 
such property is Surface Plasmon Resonance 
(SPR). Adjusting the radius and thickness of 
the NSs’ core and shell respectively will result 
in varying optical resonances ranging from the 
ultraviolet to infrared region36. This includes the 
near-infrared (NIR) region. Wavelengths in this 
‘therapeutic window’ (800nm - 2500nm) exhibit 
maximum tissue penetration, compared to other 
wavelengths. This is due to less absorption and 
scattering by compounds present in biological 
fluids such as haemoglobin37. A popular example 
of a treatment method that exploits this particular 
property of NSs is photothermal therapy (PTT). 
In NS-mediated PTT, the nanostructures are tuned 
to strongly absorb light in the NIR region, and 
are placed in deep tissues. Exposing NSs to light 
in the NIR region causes them to reach optimal 
temperatures required for irreversible thermal 
ablation of cancerous tissues. By utilizing magnetic 
resonance as guide, Hirsch et al. were able to 
form a strong positive correlation between high 
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temperatures and irreversible thermal damage. 
According to their findings, the average maximum 
temperature rise was about 37° C, enough to ablate 
the cells38. Similarly, a later study by JM Stern et 
al. revealed that laser-activated gold NSs were able 
to selectively destroy prostate tumors induced in 
mice models. The maximum temperature recorded 
was 65.4° C, and complete tumour destruction 
was also observed39. In terms of delivery, NSs can 
either be injected directly into the tumour tissue, 
or allowed to accumulate via the EPR effect when 
supplied intravenously. However, the latter method 
is limited by the sites that the NSs can travel to. 
For instance, nanocarriers injected intravenously 
may not be able to traverse the blood brain barrier 
(BBB). To overcome this, macrophages have 
served as important vectors to transport the NSs 
to the target sites40. They seem to be a promising 
alternative in delivering NSs, and other nano-based 
carriers, for cancer treatments such as PTT and 
chemotherapy. This statement is supported by the 
results of an in-vitro study where macrophage-
delivered NSs caused significant damage to the 
human glioma cells after NIR exposure41.  Aside 
from this, the chemical properties of NSs can 
be modified to further enhance specificity.  As 
seen with other nanocarriers, biologically active 
moieties such as antibodies and organic molecules 
such as PEG have been incorporated. PEGylated 
nanoshells have been designed with the purpose of 
reducing absorption of proteins while maintaining 
their solubility in the blood 42. As of recent, 
they are being exercised in studies testing the 
stimuli-responsive drug release phenomenon for 
combined cancer treatments43-44. A way to ensure 
that these NSs only target the affected cells, and 
are successfully taken up by them is to meet the 
demands of those cells. Cancer cells divide at a 
fast rate, which equates to rapid glucose uptake 
owing to increased cellular metabolism. Therefore, 
attaching glucose molecules to their surfaces will 
result in better accumulation and internalization of 
NSs. This is backed by a recent study conducted by 
Nouri et al., where glycosylated gold NSs (GGNSs) 
were used to thermally ablate melanoma cancer 
cells. Their results showed a significant uptake of 
GGNSs by the cancer cells, and that GGNSs caused 
higher amounts of toxicity in the cancer cells 
compared to standard GNSs45. Another approach 
to achieve specificity is to conjugate the NSs with 

biomolecules such as antibodies, as mentioned 
previously. The antibodies bind to target antigens 
expressed on cancer cells. In cases of drug-loaded 
NSs, the anticancer agent will be released upon 
binding. This has proven to be useful in combined 
imaging and therapy, as demonstrated by Loo et 
al. They found that the NSs designed to target 
the human epidermal growth factor receptor-2, 
found on breast cancer cells, provided better 
optical contrast, and caused cell death after NIR 
exposure36. This immuno-targeting technique was 
also tested on medulloblastoma and glioma cell 
lines by Ronald J et al. in a later study, and provided 
similar results46.
Carbon nanotubes
 CNTs are graphene sheets rolled into 
cylindrical structures, with their outer diameters 
ranging from 3nm to 30nm. CNTs can be classified 
as single-walled (SWCNTs) and multi-walled 
(MWCNTs)47. Apart from being extremely light-
weight, CNTs possess other favourable properties 
such as large surface area, high aspect ratios, high 
stability, low toxicity, and low immunogenicity, 
which make them a suitable nanocarrier for 
antitumour drugs48. The idea of using CNTs to 
facilitate drug delivery and imaging sprouted 
after its tissue penetrating properties were 
demonstrated49. Similar to other nanocarriers, 
PEGylated CNTs demonstrate reduced toxicity, 
better capability in avoiding uptake by RES, 
and faster drug release rates. Initially, the major 
drawbacks of this nanocarrier were its inadequate 
solubility in aqueous solutions and tendency to 
form aggregates. This was quickly overcome 
by conjugating hydrophilic material, i.e., PEG, 
on the walls of the CNTs50. PEGylation of 
SWCNTs allows for better localization within the 
cancer cells’ compartments12. As for MWCNTs, 
PEGylation promotes faster drug release while 
simultaneously reducing the drug loading capacity. 
This was demonstrated by a study conducted 
by Dinan et al. to investigate the cytotoxicity 
and kinetics of doxorubicin, delivered by folate-
targeted PEGylated MWCNTs. It was found that 
faster drug release and inefficient drug loading was 
due to increased hydrophilicity, and low affinity of 
doxorubicin to the CNTs respectively. Additionally, 
low cytotoxicity was observed51. Furthermore, 
PEGylation combined with other modifications 
have proven to be useful for metronomic drugs. 
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In a recent in vitro study, Sharma et al. designed 
enteric-coated PEGylated nanocarriers that were 
pH-responsive, for delivery of cisplatin to breast 
cancer cells52. From the results, it can be inferred 
that the nanocarriers are much more stable and 
improve drug bioavailability, thus establishing this 
design as a potential candidate for efficient delivery 
of metronomic drugs. On another note, apart from 
delivering drugs, CNTs have been studied as 
potential non-viral vectors for transferring genetic 
material in gene therapy53. Mohseni-Dargah and 
colleagues were able to display the enhanced 
chemotherapeutic effects when MWCNTs, were 
used to carry the iC9 suicide gene to kill breast 
cancer cells in vitro54. However, supplementary 
research should be conducted to test this strategy 
in vivo. With respect to active targeting, surfaces of 
CNTs can be easily functionalized via attachment 
of moieties, such as glycoproteins, to enhance 
specificity of drug delivery and overcome drug 
resistance, ultimately improving the efficacy of 
the treatment as shown in Figure 1.55,56. Ozgen and 
peers were able to exhibit the same using a unique 
approach. They used carboxylic acid-modified 
CNTs coated with glycopolymers and folic acid 
for doxorubicin delivery, as an attempt towards 
dual receptor-mediated breast cancer therapy57. 

Incidentally, owing to their unique physical 
properties, CNTs are also used in bioimaging 
for the detection and monitoring of cancerous 
cells and tumours. These nanostructures display 
fluorescence in the NIR window, allowing them 
to be used as non-photobleaching fluorophores 
for in vivo NIR imaging53,58-61. By devising M13 
phage-functionalized SWCNTs, Yi et al. were 
able to successfully perform NIR fluorescence 
imaging of targeted tumours62. From this, it is 
clear that CNT-based imaging is highly efficient 
as a diagnostic technique. This claim is backed by 
the equally successful results of a second study, 
conducted by Ghosh et al. that utilized identically 
functionalized SWCNTs to target and remove 
tumour nodules in a mouse model of human ovarian 
cancer63. Other CNT based imaging techniques 
include ultrasonography, photoacoustic imaging, 
and MRI64. 
Quantum dots
 QDs are man-made nanocrystals 
composed of semiconducting elements from 
groups II to VI, or III to V of the periodic table. 
The diameter of these crystals can range from 2nm 
to 10nm. With respect to biomedical applications, 
QDs can be defined as NPs with a fluorescent 
core, semiconductor shell, and a functionalized 

Fig. 1. (A) Single-walled carbon nanotube (SWCNT); (B) Cancer cell targeting antibodies are bound to SWCNT 
loaded with drug of choice; (C) Active drug delivery occurs when the antibody binds to the specific antigen on 

the cancer cell; (D) Broader illustration  depicting active drug delivery.
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Fig. 2. Structure of Pegylated Quantum Dot.

Fig. 3. Quantum Dots in Targeted Tissue Fluorescence Imaging.

surface that allows them to solubilize in water 
and integrate with other biomolecules, in order to 
target specific proteins expressed on the surface 
of cancer cells (Figure 2.). Additionally, QDs 
have the ability to emit fluorescence as a result of 
excitation of molecules when they are exposed to a 
light source. The majority of the studies on the core 
material of QDs have mostly focused on elements 
such as cadmium, lead, and mercury. The reason 

being that, these elements are known to express a 
significant amount of toxicity in the body, even at 
low levels65,66. Over the last decade, researchers’ 
interest in biomedical applications of QDs has 
switched to biocompatible QDs that are heavy 
metal-free compositions made from transition 
elements, for the most part, with a few from 
groups III and VI. Examples include: Copper (Cu), 
Silver (Ag), Indium (In), Zinc (Zn), Sulfur (S), 
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and Selenium (Se), to improve biocompatibility 
for in vivo applications [65]. Studies have shown 
that the fluorescence signals of NIR-QDs can be 
detected in deep tissues, making them a preferable 
choice for in vivo imaging. However, in the case 
of QDs with signal emission in the visible range, 
their applications are limited to in vitro studies 
due to the high level of visible light absorbance 
by tissues, resulting in low resolution images. 
In contrast to this, NIR light passes more readily 
through biological tissue, with lower absorption 
and scattering, enabling NIR-QDs to maintain high 
resolution even when imaging deeper structures in 
vivo. Hence, a vast majority of work has focused on 
developing emission-tunable and heavy-metal free 
QDs as in vivo imaging probes that excite and emit 
strongly in the NIR region. This will significantly 
increase the contrast, sensitivity, and the extent of 
penetration while avoiding optical damage to the 
body65,67. Additionally, QDs have unique optical 
photophysical and chemical properties that include 
resistance to photobleaching, tunable fluorescence 
intensity, and high brightness over other organic 
fluorescent dyes, and proteins used for imaging67,68. 
Overall, QDs have better imaging capabilities 
in terms of higher specificity, capacity to bind 
to biomarkers, and prolonged imaging duration 
(Figure 3.) in comparison to conventional imaging 
systems such as MRI, X-ray, and CT69.
Gold nanoparticles
 GNPs as drug carriers, radiosensitizers, 
and photothermal agents for cancer therapy are 
promising agents. In general, biological synthesis 
of GNPs is preferred over chemical and physical 
synthesis. The reason is that the latter two require 
extreme pH and temperature conditions, as well 
as microwave and ultraviolet radiation. Moreover, 
biological methods for synthesis are eco-friendly, 
with lower impacts on the environment and 
humans70. GNPs also possess a property known 
as SPR. In response to an incoming radiation of a 
specific wavelength, electrons present in the gold 
atoms begin to resonate, resulting in absorption 
and scattering of light by the NPs. Owing to their 
tunable physical properties, GNPs of specific 
size and shape can be synthesized, resulting in a 
plasmonic resonance shift from 520nm to 800–
1200 nm (therapeutic window)71. And since the 
body tissues are relatively transparent to NIR light, 
this resonance range makes GNPs useful in PTT 

and photoimaging, especially for tumours residing 
in deeper tissues. The surface area of GNPs plays 
a key role in cancer therapy. For instance, in PTT, 
smaller GNPs are preferred as they are more capable 
of transforming light energy to heat, thus raising the 
temperature of the TME beyond the threshold level 
necessary for irreversible cell destruction. Whereas 
in photoimaging, larger GNPs are preferred due 
to their higher scattering capacity. The ability to 
conjugate GNPs with biologically active moieties, 
particularly thiol and amine groups, creates a wide 
range of design strategies with respect to targeted 
drug delivery, cancer diagnostics, and imaging. 
This has motivated researchers to explore tailor-
made GNPs and conduct more studies using 
different designs70,72. Usually, when administering 
chemotherapeutic drugs orally or intravenously, 
only a fraction of the drug reaches the tumour 
tissue. This has been avoided by targeting these 
drugs actively and passively to the site of the 
tumour by attaching them to the GNPs. The 
typical TME has a very leaky vasculature, which 
allows NPs to conveniently accumulate in the 
surrounding tissues. This type of passive targeting 
is the EPR effect. However, this phenomenon 
cannot be attained at all tumour sites. Therefore, 
active targeting is preferred, which utilizes NPs 
that have tumour specific markers bound to them73. 
A study conducted by Chen et al. investigated 
the outcomes of using GNPs conjugated with 
methotrexate on lung tumour cells. They recorded 
greater cytotoxicity levels towards the cancer cells 
and faster accumulation rates, which together 
inhibited tumour growth, as opposed to ‘free’ 
methotrexate74. Incidentally, another approach to 
killing cancerous cells is photodynamic therapy. 
This type of therapy utilizes light, sensitizers such 
as pyrophin (photosensitizing agent), and oxygen 
available in the cancer tissue. The photosensitizer 
is intravenously injected and excited using specific 
wavelengths, resulting in energy transfer that 
generates reactive oxygen species. This causes cell 
death by apoptosis75. Other studies have shown that 
these photosensitizing agents are not easily soluble, 
therefore inhibiting their uptake by the TME. To 
add on, multi-drug resistance (MDR) in cancer cells 
has been a great setback for favourable outcomes 
of chemotherapy. All cells are tightly regulated 
by P-glycoprotein (P-gp), a transmembrane efflux 
pump that removes foreign bodies. Overexpression 
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of this protein on the membranes is the key 
explanation to MDR in these cells. Several studies 
have been carried out to subdue MDR either by 
inhibiting P-gp expression or, by avoiding P-gp 
mediated efflux. A system that overcomes MDR 
and probes intracellular drug release in response 
to acidic organelles was designed by Wang et al. 
The system comprises doxorubicin tethered onto 
the surface of PEGylated GNPs along with an 
acid labile linkage. From the results, it is inferred 
that the system can inhibit the proliferation of 
multidrug-resistant breast cancer cells owing 
to the sufficient absorption of the drug through 
endocytosis, and the acidic stimulus-responsive 
release of the drug76. In light of the environmental 
concerns GNPs have raised, eco-friendly methods 
and technologies are sought after. Different plant 
extracts are being tested as potential candidates 
to help synthesize GNPs. Common examples 
include ginger and tea leaves77. Microorganisms 
are also used as alternatives to plant extracts. It 
is believed that using biocompatible materials 
and non-toxic solvents will help reduce toxic side 
effects compared to conventional methods, while 
maintaining their stability. In a study conducted by 
Clarance et al., GNPs were synthesized using an 
endophytic fungus isolated from a plant, and were 
used to study their cytotoxic effects on cervical 
cancer and breast cancer cells. The GNPs induced 
cytotoxicity and apoptosis through generation of 
reactive oxygen species (ROS)78. In another study 
conducted by Jumah et al., GNPs (synthesized 
from neem tree extracts) were observed for their 
cytotoxicity, genotoxicity, and anticancer potential 
in both cancerous and normal liver cells. Similarly, 
the cytotoxicity and apoptotic activity observed 
was a result of the fact that the GNPs induced ROS 
in both types of cells. It was also observed that the 
cancerous cells were moderately more sensitive to 
the GNPs than to the normal cells79. Overall, these 
biosynthesized GNPs have proven to be effective 
anticancer nanotools.
Biomimetic nanoparticles
 Another group of promising nanoparticles 
is biomimetic nanoparticles that mimic the 
functionality of biological components. The 
overall structure of these NPs consists of functional 
attributes of biologic particles in combination 
with tunable synthetic materials. These NPs are 
designed to mimic basic cellular and physical 

features of the source cells and their surface. This 
type of NPs construct is exploited for its unique 
characteristics that aid in effective interaction 
with complex biological systems, consequently 
enhancing therapeutic outcomes80.
 When compared to standard approaches, 
NPs camouflaged with cell membranes such as 
immune cell membrane, cancer cell membrane, red 
blood cell (RBC) membrane and platelet membrane 
display prolonged systemic circulation and evasion 
of immune system clearance81. 
 To give an instance, cancer cell membrane-
coated NPs assist in targeting cells of similar 
features and structure82. In the case of NPs coated 
with immune cell membranes such as neutrophils 
or monocyte, prolonged circulation is achieved 
owing to the immune cell’s self-recognition 
mechanism83. 
 Cancer cell membrane camouflaged NPs 
are employed as diagnostic imaging tools as well. 
In a study conducted by Kumar et al, for imaging 
purposes, a polymeric nanoparticle (mPEG-PLGA) 
coated with a brain metastatic breast cancer cell 
membrane (MDA-MB-831) was loaded with NIR 
dye IR780. The study was performed both In-vivo 
and Ex- Vivo. The results showed that the imaging 
in mice exhibited prolonged circulation of the 
coated NPs and the NPs were capable of crossing 
the BBB [84]. In another study conducted by 
Kroll et al85 biomimetic NPs were used to develop 
anticancer vaccines, where a cancer cell membrane 
coated NPs along with an immunological adjuvant 
induces an anticancer immune response. 
 For a detailed understanding of cancer cell 
membrane coated biomimetic NPs, Jin et al and 
Wang et al discuss and elaborate on the coated NPs 
ability in cancer targeting, use and their application 
in cancer theranostics86,87. 
 Considering the unique and beneficial 
characteristics of biomimetic NPs, they possess 
great potential for cancer diagnostics and treatment. 
Further research and study are needed specifically 
for the clinical translation and production of 
biomimetic NPs88.
Interactions with the immune system
 The physiological effects of NPs are 
determined by their physio-chemical properties 
such as size, surface area, and composition, as 
well as their interaction with the immune system. 
Special attention is given to the mechanisms 
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under innate immunity, which are crucial in 
recognizing and eliminating foreign matter 
entering the living system92.  With increasing 
interest in nanotechnology and its biomedical 
applications, studies have shown that NPs can be 
toxic and can even modify the immune system 
by either stimulating or suppressing the immune 
responses. If these immunomodulatory responses 
are intentional and positive, then they do not pose 
any health risks. Hence, it is imperative that we 
understand the properties of NPs and assess their 
interaction with the immune system. This will be 
useful when designing and constructing compatible 
and safe nanocarriers for drug delivery93. On 
another front, layers of adsorbed proteins resulting 
from the interaction of biological fluids and the NPs 
form an envelope known as protein corona (PC) on 
their surfaces. The formation of PC depends on the 
NPs’ physical properties, the NP to protein ratio, 
media composition, and presence of ions or other 
molecules that impede or influence the interaction 
between the NPs and proteins. This envelope 
imparts a biological identity to the NPs for the 
immune system to detect and initiate a signalling 
pathway. This is also useful in determining their 
toxicity and biological response levels94. Several 
studies have focused on the impact of PC on 
immunotoxicity and cytotoxicity. For example, 
protein aggregates influenced by the NPs’ surface 
can induce an autoimmune reaction as well as 
trigger the components of the complement system 
to cause an immune response [94-96]. NPs can be 
engineered by manipulating their physio-chemical 
factors in order to achieve desirable outcomes that 
either promote interaction with the proteins and 
immune cells, or completely avoid these proteins 
and cells97. The toxicity of NPs can be attributed 
to chemical and biological impurities, which are 
the by-products of NP synthesis and biological 
endotoxins respectively. Hence, it is crucial when 
determining the cause of immunotoxicity, as it can 
be triggered by chemical and biological impurities 
as well as by the NPs themselves. Additionally, 
metals such as iron and nickel, when used as a 
catalyst in the synthesis of CNTs, are seen to trigger 
inflammatory reactions when exposed to these 
nanotubes98. Bacterial endotoxins are the most 
common biological impurities that affect some 
pre-clinical grade nanomaterials. Therefore, it is 
important to remove these endotoxins during nano 

formulations as these impurities can affect both 
efficacy and immunotoxicity. Some carbon and 
silica-based nanomaterials have also been shown 
to trigger endotoxin-mediated inflammation in the 
lungs99-101.
Recent advancements 
 Over the years, several studies have been 
carried out in order to expand our knowledge 
and understanding of NPs, and their biomedical 
applications in the field of cancer biology. 
Conventional drug delivery systems are associated 
with drawbacks such as non-specific drug delivery, 
drug toxicity, and uncontrolled release of drugs. 
This has eventually led to the development of smart 
nanocarrier-based drug delivery systems or smart 
drug delivery systems, which comparatively release 
drugs at controlled dosage levels12. Of late, small 
interfering RNA (siRNA) has also been widely 
studied as a potential strategy for cancer treatment, 
since its substantial gene silencing ability has 
been observed in the treatment of solid cancers102. 
However, major drawbacks of using siRNA include 
nuclease degradation, rapid clearance from the 
bloodstream, and incapability of crossing the 
cell membrane successfully 103. To address this 
issue, suitable nanocarriers have been constructed 
to efficiently deliver therapeutic siRNA. These 
nano sized products protect the siRNAs from 
enzymatic degradation and clearance, as well 
as enhance the pharmacokinetics, and promote 
controlled release and distribution of the drug to 
the specific target site. All in all, delivery of siRNA 
by nanocarriers such as liposomes and micelles, 
presents a promising future in siRNA-based cancer 
treatment104-106. On a separate note, the cyclic 
peptide iRGD is a tumour penetrating peptide 
that is either covalently bound to the nanocarriers 
or co-administered with them. This is done to 
ameliorate the active-targeting ability of these 
carriers to the tumour sites. In most cases, solid 
tumours, such as pancreatic cancer, prevent the 
drugs from reaching the leaky tumour vasculature, 
therefore diminishing the EPR effect and ultimately 
resulting in poor bioavailability. In order to avoid 
the EPR phenomenon without compromising 
on bioavailability, an alternative mechanism of 
transcytosis was investigated. Transcytosis can 
be observed at the blood brain barrier, where only 
selected substances are allowed to pass through. 
Sugahara et al. found that this pathway could be 
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therapeutically accessed by iRGD107. Ever since, 
the primary objectives of research concerning 
nanocarriers in cancer therapy have been to 
understand this mechanism in contrast to EPR, and 
provide reliable results that can eventually allow 
this strategy to transition into clinical settings. The 
idea of performing combinational therapy using 
NPs is underway108. Majority of the experiments 
include combining PTT with chemotherapy, 
imaging techniques and even gene therapy. In a 
study conducted by Chen et al., functionalized 
thermosensitive Copper Sulphide-based (CuS) 
micelles were used for combined treatment which 
included chemotherapy, PTT and photoacoustic 
imaging on triple negative breast cancer models. 
When subjected to NIR irradiation, temperature 
elevation of the CuS-based NP core induced 
PTT and a chemical phase shift of the polymers 
on the micelles, which led to rapid drug release. 
The micelles also acted as contrast agents for 
photoacoustic imaging and exhibited absorptions 
greater than 900 nm. Ultimately it was proven that 
the combinational therapy was much more effective 
than performing PTT or chemotherapy alone109. 
In a different study, PTT was combined with 
gene therapy and immunotherapy as a potential 
treatment for gastric cancer. Results of the in-vitro 
and in-vivo tests conducted in this study strongly 
suggested that combined treatment strategies are 
better than monotherapy110. Another aspect of drug 
release is stimulus-based response. As described 
earlier, stimuli-responsive polymeric nanocarriers 
can deliver anticancer drugs in a controlled manner 
to the target site, in reaction to endogenous or 
exogenous stimuli111. Studies on dual stimuli-
responsive nanocarriers have been performed in an 
attempt to increase the bioavailability and response 
rate at the target site.44,102,113. Zhang et al. designed 
triple-stimuli-responsive (temperature, pH, and 
reduction) inner-layer crosslinked micelles which 
could be used as a nanocarrier for doxorubicin. 
These micelles seem to be a promising nanocarrier 
for drug delivery as they exhibited accelerated 
release of doxorubicin against HepG2 cancer cell 
lines, low toxicity, high drug loading capacity 
and adequate biocompatibility114. On a different 
note, treatment and diagnosis of brain tumors are 
impeded by the presence of the BBB, which limits 
the potential of drug delivery to the targeted tumor 
sites in the brain. Given the high ROS activity in 

the brain TME, Oddonne et al. designed a self-
assembling micelle composed of Melphalan linked 
with methoxy polyethylene glycol. It responds to 
ROS stimulus through a ROS cleavable component 
called thioketal. The results of the study revealed 
that ROS stimulus-controlled delivery of drugs was 
selective to cancer cells115. Alternatively, Tang et 
al. created aptamer 32-conjugated QDs, capable of 
penetrating the BBB and accumulating in the tumor 
site by selectively binding to Epidermal growth 
factor variant III found on the glioma cells’ surface, 
and producing significant amounts of fluorescence. 
The fluorescence aided in clear visualization of 
the glioma margins, making it useful for accurate 
resection during fluorescence-guided surgery, as 
well as for pre- and post-operative examination of 
gliomas116. On a different note, another method of 
delivering anticancer agents is by coating them on 
the membranes of cells. This is possible because of 
the physical similarities they share with liposomes. 
Binding the drugs directly to the cell membranes 
increases their overall bioavailability117. Based 
on this strategy, Kim et al. constructed red blood 
cell and platelet membrane-coated gold nano 
stars containing curcumin (R/P-cGNS). The self-
antigens provided by the red blood cell coating 
aided in the evasion of macrophages and the 
platelet coating improved targeting. In conclusion, 
R/P-cGNS promoted controlled drug release and 
better targeting, while being able to evade the 
immune system. This biomimetic membrane coated 
strategy can be a good approach for cancer therapy 
in the future118.
Limitations
 The majority of studies conducted in 
the past support the outstanding performance 
of nanocarriers, including drug efficacy and 
side effects, when compared to conventional 
formulations. Yet, toxicity remains a major 
concern. Owing to the large surface area of these 
NPs, the chances of chemical interactions taking 
place in the body are increased, which in turn 
enhances their toxicity89. NPs may interact with 
biological components such as plasma proteins and 
immune cells, or accumulate in the tissues, leading 
to organ failure. Cationic liposomes are more likely 
to be taken up by malignant and normal cells due to 
the electrostatic-attraction between the liposomes 
and the negatively charged cell membrane, which 
leads to greater toxicity. Studies conducted on 
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HepG2 cell lines, macrophages, and U937 cell 
lines (lymphoid leukaemia) have demonstrated the 
same12. Apart from chemical properties, toxicity 
can also be attributed to other factors, including 
route of administration, dosage, and presence 
of contaminants. For example, as a result of 
inadequate purification processes, CNTs exhibit 
augmented toxic effects caused by metal catalysts 
and other impurities64.  Following toxicity is the 
steric-hindrance seen with PEGylated nanocarriers. 
This is explained by the formation of globular 
structures resulting from the long chains of the 
PEG polymer, e.g., PEG (5000). Steric-hindrance 
limits the penetration property of nanocarriers 
into target tissues. In order to facilitate active 
targeting, nanocarriers are modified by attaching 
ligands to their surfaces21. However, if the ligand 
density surpasses the optimum concentration, the 
nanocarriers will begin to aggregate119. This may 
enhance their toxic effects on body tissues. Another 
limitation is the overall high cost of raw materials 
and nanomedicine. To overcome this, large-scale 
production of nanocarriers can be encouraged. 
Nonetheless, it poses a challenge since physical 
and chemical properties may vary from one type 
of nanocarrier to another120. Further to this, the 
most crucial drawback is the lack of reference 
standards needed for immunotoxicity evaluations. 
Examining properties such as biocompatibility 
and overall function becomes more difficult with 
shortage in reference standards. Although evidence 
connecting certain nanocarriers to immunotoxic 
conditions exists, such as cationic dendrimers being 
thrombogenic, the lack of reference standards make 
it difficult to view these links as definitive99.

CONCLUSION

 Scientists are looking into nano-based 
tools and techniques as potential candidates for the 
early detection and treatment of cancer. Extensive 
research has been conducted to shine a spotlight on 
strategies that can improve targeted drug delivery 
and imaging, while maintaining efficacy. Carefully 
engineered nanocarriers such as PEGylated micelles 
and CNTs, functionalized with biologically active 
moieties, have helped overcome some of the 
drawbacks seen in ‘free’ drug administrations. 
Common problems include non-specific drug 
delivery, low bioavailability, drug toxicity, and drug 

resistance. As for targeted imaging, GNPs, CNTs, 
and QDs are promising solutions in their own ways. 
The overall structure of biomimetic nanoparticles 
consists of functional attributes of biologic particles 
in combination with tunable synthetic materials. 
These NPs are designed to mimic basic cellular 
and physical features of the source cells and their 
surface. When compared to standard approaches, 
NPs camouflaged with cell membranes such as 
immune cell membrane, cancer cell membrane, red 
blood cell (RBC) membrane and platelet membrane 
display prolonged systemic circulation and evasion 
of immune system clearance.In order to have these 
novel strategies tagged as efficacious and reliable 
approaches, more research on human subjects is 
highly espoused.   
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