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Advancements and application of sustainable 
nanotechnology-based biomedical products 
in cancer therapeutics
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Abstract: Nanotechnology has gained widespread attention in 
various scientific fields due to the special properties of nanoma-
terials. Sustainable nanotechnology prioritizes minimizing the 
environmental impact of nanomaterials and manufacturing pro-
cesses while ensuring biocompatibility and safety. By utilizing 
eco-friendly materials, renewable energy sources, and greener 
production techniques, sustainable nanotechnology addresses 
the pressing need for eco-conscious advancements in cancer 
treatment. The integration of sustainable nanotechnology with 
advanced imaging techniques enables precise tumor detection, 
characterization, and monitoring. To improve cancer treatment, 
sustainable nanotechnology-based novel carriers have attracted 
significant attention, which includes proteins, solid lipid nanopar-
ticles, nanostructured lipid carriers, polymeric nanoparticles, 
micelles, dendrimers, and antibody-drug conjugates that are 
employed for the co-delivery of phytochemicals and anticancer 
agents at the targeted sites. Green synthesis approaches to 
nanomaterials have gained attention due to their sustainability 
and environmental friendliness. Nevertheless, there are issues 
with this synthesis process, like bulk manufacturing, cytotoxic-
ity of nanomaterials, and safe solvent selection. Furthermore, 
several of the anticipated sustainable nanotechnologies, such 
as gene- and immunotherapy-based nanoformulations and ther-
apeutics, have redefined existing nanotechnologies. This review 
aims to provide a comprehensive overview of eco-friendly and 
sustainable nanotechnology for cancer diagnostics and treat-
ment, emphasizing the efficacy, safety, and environmental sus-
tainability of current nanotechnology in cancer treatments. 
Keywords: sustainable; nanotechnology; diagnostics; nano-for-
mulations; cancer; theragnostic.

1. INTRODUCTION

Cancer is a devastating disease, with the highest prevalence and fa-
tality rates worldwide, despite significant advances in medicine and 
technology (Reang et al., 2021, 2023; Yadav et al., 2022). The Inter-
national Institute for Research on Cancer (IARC) report published in 
2020 estimates that there were 10.3 million cancer-related deaths and 
19.3 million new cases worldwide, with 1.32 million new cases and 
0.8 million fatalities recorded in India (Grover et al., 2021; Reang et 
al., 2021, 2023; Yadav et al., 2022). Cancer is the second leading cause 
of mortality, with a greater physical and financial impact on low and 
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middle-income countries (Brinks et al., 2017). Che-
motherapies continue to be the therapy of choice for 
cancer despite significant advancements in cancer 
therapeutics. However, there is still a big problem 
with these chemotherapies’ side effects. (H. H. W. 
Chen & Kuo, 2017). This is particularly true when 
harmful malignancies go quiescent and then come 
back, as patients frequently need harsher therapies, 
which might worsen their well-being (Aggarwal et 
al., 2017). The prominent development of resistance 
mechanisms represents one of the greatest obsta-
cles in the search for an effective cancer treatment. 
When primary oncogenic pathways are blocked, 
parallel signaling pathways are activated with resis-
tance mechanisms, promoting the growth of cancer 
(Vasan et al., 2019). Additionally, the tumor cells in 
different patients may differ in terms of epigenetic 
patterns and genetic mutations, which might de-
crease the efficacy of treatments and heighten drug 
resistance. (Sun et al., 2016). Therefore, Cancer’s 

adaptive nature continues to find ways to evolve de-
spite the emergence of novel targets and treatments 
(Kemp & Kwon, 2021). The strategy for fighting 
cancer must shift from developing novel treatments 
to improving existing treatments and diagnostics in 
creative, efficient, practical, and more sustainable 
ways. Chemotherapies that lack specific targeting 
mechanisms not only destroy cancer cells but also 
healthy cells, resulting in systemic toxicity that 
degrades patients’ quality of life (Namazi et al., 
2015). In addition, the advantages of early detection 
of cancer are evident. When cancer is diagnosed in 
its initial phases, the 5-year survival rate is notably 
higher, the overall cost to the patient is considerably 
lower, and the treatment course is typically less ag-
gressive (Moghimi-Dehkordi & Safaee, 2012). The 
current alarming situation of cancer has urged re-
searchers to develop various techniques for precise 
diagnosis and treatment of cancer (Chaturvedi et 
al., 2019). 
 

Figure 1. Applications of nanotechnology in cancer treatment (Ojha et al., 2022).
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In the past ten years, the world’s population 
has grown quickly from 7 to 8 billion. This has put 
enormous demand on the development of a more 
effective and economical healthcare system to safe-
guard the public against infectious and potentially 
fatal diseases, as well as a socioeconomic burden. 
In addition, the world is dealing with serious issues 
related to energy, the climate, and the environment 
( Zhang et al., 2023). To address these issues, the 
United Nations (UN) adopted 17 sustainable devel-
opment goals (SDGs) in 2015. These Sustainable 
Development Goals (SDGs) seek to end poverty, im-
prove healthcare for all communities, and address 
social issues by utilizing sustainable and renewable 
resources (Rosa & Hassmiller, 2020). It is debatable 
if the UN has acknowledged that nanotechnology 
will help achieve 13 of the 17 SDGs by 2030 (Hore-
js, 2021). All the articles related to sustainable nan-
otechnology were downloaded from databases such 
as Google Scholar, PubMed, and Science Direct by 
entering the keywords sustainable, nanotechnology, 
nanoformulation, cancer, diagnosis and treatment. 
Most of the articles considered for the framing of 
this article range from the year 2010 to till date.

Nanotechnology offers a promising therapy 
method to generate new therapeutic and diagnostic 
ways in cancer treatment to combat this life-threat-
ening disease (Fig.1) (Haleem et al., 2023; Ojha 
et al., 2022). The use of nanoparticles in targeted 
medication and imaging offers minimal harm to 
healthy cells and maximizes its therapeutic efficacy 

in cancer treatment (Fig. 2) (Auffan et al., 2009). 
Although nanotechnology has the potential to rev-
olutionize cancer treatment, there are also several 
potential drawbacks and limitations associated 
with its current use (Rasool et al., 2022). Current 
nanotechnology in cancer treatment has some chal-
lenges such as biocompatibility, safety, large-scale 
manufacturing, government regulations and over-
all cost-effectiveness (Hua & Wu, 2018). Existing 
cancer therapies can be improved using sustainable 
nanotechnology by boosting localized drug deliv-
ery effectiveness, lowering systemic toxicity, en-
hancing imaging, improving diagnostic sensitivity, 
and refining radiation therapy, which also permits 
the molecular identification of cancer (Caracciolo 
et al., 2019; Peer et al., 2007). Currently, a signifi-
cant amount of the nanomaterials manufactured for 
cancer treatment are heavily dependent on non-re-
newable resources and highly energy-intensive 
manufacturing processes. Additionally, there is a 
significant delay between the quick advancement 
in the creation and understanding of these non-sus-
tainable nanomaterials and their eventual conse-
quences for the environment, public health, and 
climate. Consequently, it is imperative to develop 
nanomaterials with as little negative influence on 
society as possible while utilizing natural and re-
newable resources. Creating sustainable nanomate-
rials with enhanced performance can be facilitated 
by combining sustainability and nanotechnology 
(Zhang et al., 2023).

Figure 2. Advantages of nanotechnology over conventional therapies (Auffan et al., 2009).
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Sustainable nanotechnology 
in cancer treatment

Sustainable Nanotechnology is an environ-
ment-friendly technology that reduces the environ-
mental damage caused by hazardous items such as 
chemicals reagents, methods, non-biodegradable 
materials used in cancer therapies. Furthermore, 
the sustainable approach eliminates trash produc-
tion (zero waste) or uses recycled waste to fabri-
cate nanomaterials, resulting in minimum waste 
disposal and a circular economy for sustainable 
development. Natural and renewable resources 
should be employed as precursor materials and 
surfactants when creating sustainable nanomateri-
als for biomedical purposes(Kaur et al., 2023; S. 
Zhang et al., 2020). There are certain technologies 
encourage to utilize organic natural resources, 
with minimum handling of the supply and material 
which prevents any form of environmental dete-
rioration (Fig. 3). In addition, Synthetic method-
ologies in the nano species involving green route 
procedures offer a variety of applications such as 

catalysis, energy storage, optics, biological label-
ing, and cancer therapy in sustainable development 
(Gupta et al., 2023).

MXenes are the recently developed newly pro-
liferating two-dimensional (2D) materials from the 
transition metal carbides/carbonitrides. These are 
used in biosensing systems such as electrochemi-
cal sensors, visual sensors, and humidity sensors 
in different cancer theragnostic, operations (Chan-
drasekar et al., 2023; Dik et al., 2023). Some of the 
developments in this area are, Graphitic carbon 
nitride-Silica-Titania (gC3N4/SiO2/TiO2) ternary 
nanocomposite, (GO/rGO-SiO2-TiO2) binary and 
ternary nanocomposite coating with incorporation 
of organic resin (Cashewnut resin) as an anticor-
rosive reinforcement as nanofillers (Prakash et 
al., 2022; Steffi, Balaji, Chandrasekar, et al., 2022; 
Steffi, Balaji, Prakash, et al., 2022). The reported 
nanostructure materials such as the S15/m-Co3O4 
nanoarcs, M41/m-Co3O4 nanobuds as an electrode 
materials which can be used as a catalyst for photo-
catalytic degradation of dye molecules and pseudo-
capacitive application (Prakash et al., 2021, 2022).

Figure 3. Sustainable nanotechnology in cancer diagnosis 
(Aslan et al., 2013; S. Fu et al., 2016; Vlek et al., 1998).
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to create, yet the majority of potential medications 
fail in clinical testing (Pillaiyar et al., 2020). Only 
50 new small-molecule anti-cancer medications 
were authorized by FDA between 2015 and 2020, 
although hundreds of compounds were in the late 
stages of development (Sochacka-Ćwikła et al., 
2022). The growing issue of drug resistance under-
scores the importance of developing new cancer 
treatments, which can be quite costly. On the oth-
er hand, a precise and reliable diagnostic test can 
have a tremendous positive impact by detecting 
cancer at an early stage, resulting in lower patient 
costs and improved survival rates (Deverka et al., 
2022). Early detection is particularly crucial since 
metastasis is responsible for 90% of cancer-relat-
ed deaths (Dillekås et al., 2019). As a result, the 
cost of treatment for patients diagnosed with late-
stage cancer is considerably higher than that for 
those diagnosed at an early stage (McGarvey et al., 
2022). Early detection and regular screening offer 
numerous advantages, especially for cancers that 
often do not display symptoms until they are in 
advanced stages. Furthermore, screening methods 
can be used to assess each patient’s specific needs 
and tailor their treatment accordingly (Park, 2022). 
Despite technological developments, there is still a 
need for reliable routine screening procedures that 
may detect cancer at an early stage without leading 
to over diagnosis (Kemp et al., 2016). 

The use of sustainable nanoparticles and nan-
otechnology for cancer diagnosis has gained pop-
ularity over the past few decades. One approach 
for long-term sustainability in cancer diagnostics 
is the use of biodegradable nanoparticles, which 
can be designed to target specific cancer cells by 
delivering diagnostic agents or contrast agents for 
imaging and can then be broken down and elimi-
nated by the body, lowering the risk of long-term 
environmental impact. Nanomaterials, however, 
can significantly enhance tumor detection by spe-
cifically targeting the tumors and exploiting their 
intrinsic physio-chemical properties to amplify 
signals and hence enable new imaging techniques 
with greater sensitivity and without adverse ef-
fects (Adrita et al., 2020; Blanco et al., 2015; Lau-
rent et al., 2008). 

In particular, cancer biomarkers like circulating 
tumor DNA, circulating tumor cells, and exosomes 
are being captured by nanoparticles to help with 
cancer detection. One of the main advantages of us-
ing nanoparticles for cancer detection is their high 
surface area to volume ratio in comparison to larger 

  Natural  biopolymers  including  chitosan,  colla-
gen, cellulose, xylan and fibrin are examples of sus-
tainable nanomaterials that are explored in the phar-
maceutical industry. Due to characteristics such as
simple accessibility, exceptional stability, minimal
toxicity,  and  ease  of  modification,  these  materials
have gained significant attention among sustainable
anticancer drug delivery carriers (Fu  et al.,  2016).
The use of eco-friendly nano-formulations such as
liposomes,  polymer  microspheres,  protein  conju-
gates, and polymer conjugates is considered to be an
effective way to improve drug efficacy, specific tar-
geting, and reduce harmful effects associated with
non-specific  action  for  cancer  therapies  (Aslan  et
al.,  2013). The initial generation of nanomedicines
has  significantly  enhanced  the  pharmacokinetic
(PK) drug profiles such as stability, solubility, and
bioavailability for cancer therapy. Therefore, these
nano-techniques and nanomaterials are sustainable
and improve people’s quality of life, because they
do not promote environmental degradation and con-
tribute to establishing a footprint (Vlek  et al.,  1998).
The next generation of nanomedicines incorporates
combination therapies, targeted delivery, triggered
drug  release,  gene  therapy,  novel  immunotherapy
techniques,  radiation,  and  multi-modal  treatments
that  can  be  evolved  with  the  expansion  of  more
eco-friendly  nanomaterials  (van  der  Meel  et  al.,
2019).  Incorporation  of  these  diverse  sustainable
nanotechnologies can significantly improve cancer
diagnostic  and  treatments.  Although  sustainable
nanotechnology  is  a  promising  subject,  studies  on
the  advancement  of  safe  and  sustainable  nanoma-
terials are limited in the literature. Furthermore, in
the  rapidly  growing  field  of  sustainable  nanotech-
nology, design standards for manufacturing sustain-
able nanomaterials for biomedical applications are
required (Zhang  et al.,  2023). This review imparts
new  insights  into  cancer  diagnosis  and  treatment.
The main goal of this review is to summarize cur-
rent advances in sustainable nanotechnology-based
cancer  diagnosis,  therapeutics,  and  theragnostic.
Additionally, future perspectives are also discussed
which  could  contribute  to  further  studies  working
in the field.

2. ADVANCING TECHNIQUES
IN CANCER DIAGNOSIS AND CARE

Drug development for cancer is a very tedious and
expensive  process  for  the  pharmaceutical  indus-
try.  A  successful  drug  can  cost  billions  of  dollars
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materials, which enables closely packed association 
of antibodies, small molecules, peptides, aptamers, 
and other ligands to their surfaces, which can bind 
to and recognize particular cancer molecules (Jia et 
al., 2017; Song et al., 2010).

Nanoparticles enable biosensors to more pre-
cisely meet the requirements of specific biomolec-
ular diagnostics by increasing the surface-to-vol-
ume ratio (Doria et al., 2012). Quantum dots 
(QDs), gold nanoparticles (AuNPs), and polymer 
dots (PDs) are three common nanoparticle probes 
used to detect cancer as shown in (Fig. 4) (Ha-
run et al., 2013; Zhang et al., 2017). To increase 
the specificity and sensitivity of cancer assays, 

numerous binding ligands may be presented to 
cancer cells. This may have multivalent conse-
quences. Hence, extremely promising methods for 
affordable, practical, and instantaneous cancer di-
agnosis and detection are being investigated using 
nanotechnology-based diagnostic tools (Chen et 
al., 2018; Kumar et al., 2017). Nano-sensors can 
detect early disease-related molecular and cellu-
lar changes since they are exceptionally sensitive, 
selective, and capable of capturing many targets. 
These nanosensors can be engineered to detect 
cancer-specific biomarkers like mingling tumor 
cells, microRNA, and proteins, with high sensitiv-
ity and specificity.

Figure 4. Sustainable nanotechnology in cancer detection and diagnosis 
(Harun et al., 2013; Jia et al., 2017; Song et al., 2010; H. Zhang et al., 2017).

As a result, advances in nanotechnology have 
completely changed the way that cancer is diag-
nosed and treated. Nanoparticles can be used in 
conjunction with numerous biomolecules like pep-
tides, antibodies as well as drugs to specifically 
and sensitively label tumors, enabling their early 
detection and screening. This conjugate can offer 
high accuracy in identifying cancer cells (Kang et 
al., 2010). Sustainable approaches such as genetic 
sequencing are becoming increasingly accessible, 
facilitating precise and efficient diagnosis to opti-
mize treatment (Malone et al., 2020). 

Today, nanotechnology enables the scanning of 
cancer at the molecular, cellular, and tissue levels. 
Lanthanide-based up-conversion nanoparticles are 
one instance of this, as they can transform low-en-
ergy photons into high-energy photons that can en-
ter tissues deeply by autofluorescence (Chaturvedi 
et al., 2019). Moreover, nanotechnology has made 
it possible to find and visualize cancer cells by ex-
ploring the area around tumors. For instance, fi-
broblast activation protein-a on the membrane of 
tumor-associated fibroblasts can be found by using 
a pH-responsive fluorescent nanoprobe (Ji et al., 
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2013). Various diagnostic tools present various sus-
tainable nanotechnology-based methods that can 
precisely track live cells and monitor vigorous cel-
lular activities in tumors in a more environmentally 
friendly manner.

Nano-sensors have potential applications in 
cancer diagnosis and treatment and are designed to 
detect specific biomarkers associated with cancer, 
such as proteins and nucleic acids, in body fluids 
or tissues. This enables early detection of cancer, 
which can improve treatment outcomes (Andriole 

et al., 2012). Some nanosenors and their clinical ap-
plications against cancer have been shown in (Ta-
ble 1). One of the significant advantages of nano-
sensors is their ability to detect cancer biomarkers 
in non-invasive samples, such as blood, urine, and 
saliva, which make them a potential tool for cancer 
screening and monitoring. Moreover, nanosensors 
can be integrated with microfluidic devices to en-
able high-throughput and multiplexed detection of 
multiple biomarkers simultaneously (Ramesh et 
al., 2023).

Nanosensors Sensitivity 
of Senor

Biomarker or 
Specificity Ligand Target Cancer

Nanofibers Antibody EpCAM Breast

Upconversion Nps Antibody Her2 Breast

Nanorod arrays DNA aptamer EpCAM Breast

Nanoparticle-coated silicon bead Antibody EpCAM/CD146 Breast/Colorectal

Quantum dots Aptamer PTK7 Leukemia

Magnetic Nanoparticles Antibody EpCAM Colon/Lung/Liver/breast

Polymer dots Antibody EpCAM Breast

Gold Nanoparticles Aptamer Her2 Breast

Gold Nanoparticles Antibody Cd2/Cd3 Leukemia

Carbon Naotubes Antibody EpCAM Liber

Table 1. Sustainable nanotechnology for the detection 
of different cancer cells (Y. Zhang et al., 2019).

Despite improvements in preoperative diagnosis 
and staging using conventional imaging technolo-
gy, there is still space for growth in terms of sen-
sitivity, resolution, and intraoperative procedures. 
Overall, sustainable nanotechnology has the poten-
tial to revolutionize cancer diagnostics by provid-
ing more targeted and effective approaches while 
minimizing environmental impact. However, con-
tinued research and development is needed to en-
sure that these technologies are safe and effective 
for use in patients.

3. SUSTAINABILITY-DRIVEN 
NANOTECHNOLOGY FORMULATIONS

Nanotechnology offers a range of innovative solu-
tions to tackle intrinsic or acquired resistance 
in cancer therapy. The genetic diversity of tu-
mors, which can lead to mutagenesis and differ-
ential sensitivity, can cause drug resistance and 

prolonged illness. By utilizing different mecha-
nisms, nanotechnology enables the development 
of new immunotherapies like mRNA vaccines 
and precise targeting methods. Moreover, nano-
technology can help overcome these issues and 
improve cancer treatment outcomes (Nirmala et 
al., 2023). Nano formulation is a type of drug de-
livery technology that is used to improve thera-
peutic efficacy and reduce negative effects. These 
formulations can be made using a variety of in-
gredients, including lipids and polymers, and are 
tailored to target particular body cells or tissues 
(Gavas et al., 2021). The small particle size of 
nanoparticles allows them to penetrate deep into 
the tissues, able to cross biological barriers and 
interact with the cell at the molecular level. These 
characteristics make them intended for a wide 
range of therapeutic privileges including cancer 
treatment, gene therapy, and vaccine development 
(Navya et al., 2019). 

https://doi.org/10.37819/nanofab.8.1772
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Figure 5. Versatile nano formulations employed in cancer therapy 
(Gavas et al., 2021; Navya et al., 2019; Nirmala et al., 2023).

In (Fig. 5), different types of Nano formulations 
including liposomes, polymer microspheres, protein 
conjugates, and polymer conjugates are shown. Sev-
eral new biocompatible nanomaterials were identi-
fied and discovered by scientists for their potential 
role in improving therapeutic efficacy with selec-
tivity in cancer. Targeted drug delivery is essential 
for cancer therapy, as it can significantly lower the 
toxicity associated with non-specific medication ac-
tivity, as mentioned earlier. Herein below, different 
nanomaterials which are presently in use in cancer 
nanotechnology are discussed.

Liposomes

Liposomes are tiny, spherical vesicles made up of 
phospholipids that form a bilayer membrane con-
taining hydrophilic heads and hydrophobic tails, as 
well as cholesterol as shown in (Fig. 6). These vesi-
cles are at least 400 nanometers in size and possess 
a unique ability to dissolve water-insoluble organic 
substances, making them perfect medication de-
livery systems for the treatment of many illnesses, 

including cancer (Yue & Dai, 2018). Using lipo-
somes as a drug carrier has several benefits, one 
of which is their capacity to prevent pharmaceu-
ticals from degrading while reducing specific and 
non-specific toxicity. Furthermore, drugs can be 
easily delivered to the desired site with the inclu-
sion of drugs in the membrane, which offers sev-
eral benefits (Bozzuto & Molinari, 2015; Piffoux 
et al., 2018).

The polar head group of the phospholipid, the 
length and hydrophobicity of the fatty acid tails, the 
presence of other gears on the surface, and the type 
of synthetic or natural lipid used can all be used 
to modify the features of liposomes (Sheoran et al., 
2022). It is feasible to use liposomes to target can-
cer cells because they are biodegradable, biocom-
patible, more stable in colloidal solutions, and less 
harmful at tumor locations than free medications 
(García-Pinel et al., 2019). In contrast to tradition-
al methods, alternative supercritical fluids (SCF) 
methods are now used to create liposomes. These 
methods avoid the use of water, high operating tem-
peratures, and mechanical stresses that can cause 
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labile substances like vitamins, enzymes, essential 
oils, and flavors to degrade as well as the extensive 
use of organic solvents, which because of their tox-
icity, may pose health risks. They also enable lipo-
somes to be made from dry powder. By changing 
the necessary circumstances, this green technol-
ogy’s supercritical fluids (SCFs) procedures can 
manufacture micro- and nanosized liposomes with 
a restricted size distribution (i.e., temperature and 

Figure 6. Basic structure of liposome (Piffoux et al., 2018; Yue & Dai, 2018).

pressure) (Maja et al., 2020). Liposomes are among 
the most fully explored nanomedicines for the treat-
ment of many ailments because of their adaptability 
and simplicity in manufacturing. (Gabizon et al., 
2003). Due to the sustainable characteristics of li-
posomes, these Nano formulations should be exten-
sively explored for the patients and environmental 
benefits. Some of the Liposomal formulated cancer 
drugs are listed in (Table 2).

Sr. 
No. Drug Type of cancer 

targeted Applications Sustainable feature References

1 Doxorubicin 
(Doxil) Solid Tumor

Used to treat breast 
and ovarian cancer and 
work by preventing the 
growth and division of 
cancer cells in the body

Longer circulation 
time. Enhanced 
penetration poten-
cy and prolonged 
release

(Franco et 
al., 2018)

2
Vincristine 

sulfate 
(Marqibo)

Lymphoblastic 
leukemia

Used as a treatment 
for Philadelphia chro-
mosome-negative acute 
lymphoblastic leukemia 
(Ph-ALL), a type of 
cancer that affects the 
blood and bone marrow.

The liposomal ca-
rrier facilitate the 
loading and reten-
tion of drugs

(Silverman 
& Deitcher, 

2012)

3 Cytrabine 
(Depocyt) Lymphoma

Used as a treatment 
for lymphomatous me-
ningitis, a cancer form 
that impacts the mem-
branes enclosing the 
brain and spinal cord.

Liposomal cytara-
bine is spherical 
multivesicular, bio-
degradable lipid-ba-
sed particles which 
prolong exposure of 
drug in tumor tissue

(Salehi et 
al., 2019)

4
Dauno-
rubicin 

(DaunoXome)

Kaposi 
sarcoma

Used to treat Kaposi’s 
sarcoma, a cancer that 
affects the skin and 
mucous membranes.

Polyethylene glycol 
(PEG) in the lipid 
bilayer of liposomes 
greatly extends the 
drug half-life

(Petre & 
Dittmer, 
2007)

https://doi.org/10.37819/nanofab.8.1772
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Sr. 
No. Drug Type of cancer 

targeted Applications Sustainable feature References

5 Mifamurite 
(Mepact) Osteosarcoma

Used to treat osteosar-
coma, works by activa-
ting the immune sys-
tem’s natural killer cells 
and macrophages and 
hence can help attack 
cancer cells.

Liposomal encapsu-
lation enhance the 
tumoricidal effects 
with minimized 
toxicity

(Kager et 
al., 2010)

6 Doxorubicin 
(Myocet) Solid Tumor

Works by preventing the 
growth and spread of 
cancer cells within the 
body in breast cancer, 
ovarian cancer, and 
other types of cancer.

The PEGylated lipo-
somes display higher 
circulation times

(Ibrahim et 
al., 2022)

7
Irinotecan 
(Onivyde) 
(MM-398)

Solid Tumor

Usage in conjunction 
with other chemothe-
rapy medications like 
fluorouracil and leucovo-
rin to treat metastatic 
pancreatic cancer.

Liposomal encap-
sulation provides 
longer circulation 
time and improved 
pharmacokinetic 
profile

(Milano et 
al., 2022)

8 Eribulin 
(E7389-LF)

Advanced/
Metastatic 

breast cancer

Belongs to halochon-
drin-class microtubule 
inhibitors, which work 
by interfering with the 
growth and division of 
cancer cells.

Liposomal formu-
lation of eribulin 
provides longer 
half-life, and impro-
ved efficacy

(Masuda et 
al., 2022)

Table 2. Lists of important liposomal nano-formulated drugs.

Polymeric Micelles

Micelles are commonly used in targeted drug de-
livery to deliver medications to tumor areas that 
are insoluble or only marginally soluble in water. 
Amphiphilic co-polymers, which comprise both 
hydrophilic and hydrophobic monomer units, make 
up these micelles as shown in (Fig. 7). Polymeric 
micelles, a sort of effective drug delivery system 
for anticancer medications that are only slightly 
water-soluble, can range in size from 10 to 100 nm 
and feature a hydrophilic PEG shell. These micelles 
circulate slowly through the blood and tend to build 
up more at the tumor site. Based on their structure 
and bonding, micelles can be divided into many 
different groups, such as block copolymer micelles, 
hydrophobically constructed amphiphilic micelles, 
polyion-complex micelles, and micelles produced 
by metal complexation (Gaucher et al., 2005). 

Polyesters, polyethers, and polyamino acids are 
the most common components of the hydrophobic 
core. A variety of polyesters, including polylactic 
acid (PLA) and polycaprolactone (PCL) have been 
approved for use in biomedicine (Kamaly et al., 
2016). The main advantage of these polyamino-ac-
ids and polyesters are biodegradable and shown lit-
tle toxicity as they degrade further to provide harm-
less byproducts. Moreover, they have shown that 
these are pH sensitive in addition to being effec-
tively biodegradable and biocompatible (Tawfik et 
al., 2021). This family-based micelle’s advantages 
include ease of preparation, high biocompatibility, 
and prolonged blood circulation (Koo et al., 2005). 
Hence, we can say that polymeric micelles can be 
a choice of Nano formulation for drug delivery in 
cancer treatments. In (Table 3), some of the micelles 
of Nano formulated drugs used in the cancer are 
mentioned.
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Sr. 
No. Drug Cancer types Advantages Sustainable 

features References

1 Paclitaxel Breast 
Cancer

Demonstrated greater ce-
llular absorption and a 65% 
reduction in the viability of 
breast cancer cells in an in 
vitro setting.

Higher drug load 
capability and 
improved shelf 
stability

(He et al., 
2016)

2 Doxorubicin Solid 
Tumor

Enhanced the apoptotic 
activities with potent cyto-
toxic properties against 
doxorubicin-resistant 
MCF‑7/Adr cells.

Prolonged relea-
se and feasible 
of bio-safety

(E. S. 
Lee et al., 

2005), 
(Jin et al., 

2017)

3 Docetaxel Breast 
Cancer

Exhibited an extended relea-
se profile, improved cyto-
toxicity against MCF-7 cells.

Targeted drug 
delivery, sustai-
ned drug release 
mechanism, in-
creased cellular 
uptake

(Alven & 
Aderibigbe, 

2020)

4 Triptolide Gastric 
Cancer

Decreased the activity of 
cancer-associated fibro-
blasts, and prevented their 
ability to induce gastric cell 
proliferation, migration, and 
chemotherapy resistance

Targeted action 
with potency

(Zheng et 
al., 2021)

5 B-lapachone 
(β-lap)

Subcutaneous 
Lung Cancer 
(NSCLC) And 
orthotopic 
Lewis lung 
cancer

Allows the drug to remain 
encapsulated for an exten-
ded period in the bloods-
tream, resulting in the 
increase of the drug at the 
tumor location.

Enhanced safety (Blanco et 
al., 2010)

Table 3. Some important polymeric micelles nano-formulated drugs.

Figure 7. Basic structure of polymeric micelles (Gaucher et al., 2005).
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Antibody-Drug Conjugates

Figure 8. Basic structure of antibody-drug conjugates 
(Burke et al., 2020; Chalouni & Doll, 2018; Hafeez et al., 2020).

ADCs, or antibody-drug conjugates (Fig. 8) 
have become increasingly popular in the treatment 
of cancer as the FDA has recently approved. These 
conjugates deliver a potent medication upon break-
age of a linker molecule through cellular absorp-
tion, particularly targeting antigens that are over-
expressed in tumor cells but not in healthy cells. 
ADCs provide benefits such as low immunogenic-
ity, extended drug half-lives, and effective recep-
tor-mediated endocytosis (Hafeez et al., 2020). The 
lysosome can quickly break down ADCs inside the 
cell (Chalouni & Doll, 2018). The linker design is 
essential for the effectiveness of ADCs because it 
must be both stable and labile enough to deliver the 
payload at the specified location while maintaining 
the conjugate in circulation (D. Su & Zhang, 2021). 
Non-cleavable linkers are more durable in circu-
lation but rely on antibody deterioration, whereas 
cleavable linkers can be adjusted to specific envi-
ronmental stimuli to release the drug from the an-
tibody (McCombs & Owen, 2015). Clinical trials 
for more than 100 ADCs are now ongoing, and 
numerous FDA-approved next-generation ADCs 
with improved linkers have been made available in 
the past two years (Fu et al., 2022). A few of them 
are shown in (Table 4). As a result, for the envi-
ronment’s sustainability, the proper selection and 
choice of the linker for ADCs nano-formulation is 
crucial in the transportation of medications to the 
targeted destination.

Dendrimers or Polymer Drug Conjugates

Dendrimers are nanocarriers with a spherical poly-
meric core and regularly spaced branches as shown 

in (Fig. 9). As the size of dendritic macromolecules 
increases, they tend to take a more spherical shape 
(Chis et al., 2020). Two methods are commonly 
used to synthesize dendrimers such as the divergent 
method, which grows dendrimers outward from 
a central core, and the convergent method, which 
synthesizes dendrimers from the margins inwards 
towards the core (Abbasi et al., 2014). In the phar-
maceutical business, polymer drug conjugates have 
been utilized for a long time. Polyethylene glycol 
(PEG) is a common choice because it can improve 
PK (Pharmacokinetics) profiles by lowering immu-
nogenicity, inhibiting degradation, and lowering 
plasma clearance (Suk et al., 2016). Many different 
polymer-drug formulations have been created as 
a result of technological advancements, including 
those made from natural polymers like chitosan, 
Xylan, polysaccharides, polysialic acid, hyaluronic 
acid, methyl cellulose, carbopol 934, hy-droxypro-
pyl methylcellulose and hydroxyethyl cellulose. and 
polypeptides, which have the added benefit of being 
more biodegradable and biocompatible than PEG 
(Mansoor et al., 2019; Neelakandan et al., 2023). 

Dendrimers are potential nanocarriers because 
of their distinctive characteristics, which include 
numerous linkage groups, size, charge, and biolog-
ical characteristics like interactions with lipid bi-
layers, cytotoxicity, internalisation, blood plasma 
retention time, biodistribution, and filtering ( Lee et 
al., 2006). (Table 5) highlights some important den-
dimers formulated drugs working against cancer. 
However, the stability and biocompatibility investi-
gation of other natural polymers is required for the 
cohorts of environment and sustainable dendrimer 
formulations.
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Sr. 
No. Drug Type of cancer 

targeted Advantages Sustainable 
features References

1
Enfortumab 

vedotin 
(EC-201)

Solid tumors, 
urothelial 
cancer

Shown to be efficient with 
an overall response rate of 
44% in treating patients 
with advanced urothelial 
carcinoma who had pre-
viously received chemothe-
rapy or immune checkpoint 
inhibitor therapy.

Novel antibody–
drug conjugate 
(ADC) offers a 
high affinity and 
specificity to 
nectin-4 expres-
sing cells.

(Alt et al., 
2020)

2
Polatuzumab 

vedotin 
(POLARIX)

Non-Hodgkin 
lymphoma

Effective in treating pa-
tients with relapsed or 
refractory diffuse large 
B-cell lymphoma when used 
in combination with other 
medications, such as benda-
mustine and rituximab.

Humanized IgG1 
anti-CD79b mAb 
conjugated to 
MMAE via the 
protease-cleava-
ble linker provi-
des selectively 
towards targets

(Burke et 
al., 2020)

3 Trastuzumab
Breast cancer 
and stomach 

cancer

Monoclonal antibody that 
targets a protein called 
HER2 for the management 
of HER2-positive breast 
cancer.

Trastuzumab-ba-
sed ADCs display 
better selectivi-
ty and efficacy

(Nieto et 
al., 2020)

4
Upifitamab 
rilsodotin 

(XMT-1536)

Solid tumors; 
NSCLC; Ova-
rian cancer

ADC directed against 
sodium-dependent phos-
phate transport protein 2 
(BNaPi2b) and loaded with 
auristatin, NaPi2b is highly 
expressed in 75 to 90% of 
both non-squamous NSCLC 
and epithelial ovarian cancer.

The fleximer 
linker used in upi-
fitamab rilsodo-
tin, is a biode-
gradable, highly 
biocompatible, 
water-soluble 
polymer

(Etrych et 
al., 2022)

Table 4. Some important antibody-drug conjugates nano-formulated drugs.

Figure 9. The basic structure of dendimers 
(Abbasi et al., 2014; Begines et al., 2020; Chis et al., 2020).
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Sr. 
No. Drug Type of cancer 

targeted Advantages Sustainable 
features References

1 Paclitaxel Gastrointesti-
nal cancer

Increase the effective-
ness of the drug while 
reducing its toxicity to 
healthy cells.

Helped to overco-
me issues associa-
ted with solubility 
and biodistribution 
to further enhance 
the overall pharma-
codynamic effect

(Dichwalkar 
et al., 
2017)

2
5-fluoroura-
cil-stearic 

acid (5-FUSA)

Colon 
Carcinoma

5-FUSA as prodrug 
encapsulated into the 
hydrophobic core of Xyl-
SS-Cur NPs(covalent 
conjugation of curcumin 
to xylan through a disul-
phide (-S-S-) linkage)

Redox-sensi-
tive prodrug 
nanoparticle

(Sauraj et 
al., 2020)

3 Niclosamide 
(Nic)

Colon 
Carcinoma

Niclosamide-loaded 
xylan-lipoic acid conjuga-
te nanoparticles (Xyl-LA/
Nic NPs)

Redox-sensitive (Sauraj et 
al., 2021)

Table 5. Some important dendrimers nano formulated drugs.

Polymeric Nanoparticles

Figure 10. Basic structure of polymeric nanoparticles 
(Begines et al., 2020; Machtakova et al., 2022).

Polymeric nanoparticles are incredibly versa-
tile and have an almost infinite number of design 
elements that can be customized to suit different 
applications (Begines et al., 2020). They can be 
created from polymers, biomacromolecules, or a 
mixture of both, and can include loaded or direct-
ly conjugated pharmaceuticals in the form of Na-
no-capsules or nanospheres as shown in (Fig. 10) 
(Machtakova et al., 2022). Polymeric nanoparticles 
were first created using nonbiodegradable poly-
mers such as polymethyl methacrylate (PMMA), 
polyacrylamide, polystyrene, and polyacrylates. 
These polymer-based nanoparticles are difficult to 

eliminate, so they eventually build up in tissues to 
dangerous levels. But now Natural polymers like 
chitosan, alginate, gelatin, and albumin are com-
bined with biodegradable polymers like polylactic 
acid (PLA), poly(lactic-co-glycolic acid) (PLGA), 
and poly(-caprolactone) (PCL) to create polymer-
ic nanoparticles that are less toxic, have improved 
drug release dynamics, and are more biocompatible 
(Vijayan et al., 2013). To create drug-loaded hy-
drogels or core-shell nanoparticles for gene thera-
py, size, surface charge, and density can be easily 
modified, and the process flow can be tailored to 
match specific requirements (Jiang et al., 2020). The 
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nanoparticles presents manufacturing and unifor-
mity challenges that need to be addressed before 
clinical translation. Some of the polymeric Na-
no-formulated drugs are mentioned below in Ta-
ble 6 (Xu et al., 2021).

composition of nanoparticles can be precisely con-
trolled to maximize their biocompatibility, stabil-
ity, bio-distribution, and efficacy, which is crucial 
for targeted delivery (Ashford et al., 2021). How-
ever, the increased complexity of polymer-based 

Sr. 
No. Drug Type of cancer 

targeted Key Highlight Sustainable 
features References

1 Camptothecin 
(EP0057)

Epithelial ova-
rian cancer, 
Lung cancer

Works by stabilizing the 
Topoisomerase-1-DNA clea-
vage complex during DNA 
replication and blocking Topo 
1 mediated DNA re-ligation, 
which eventually leads to 
apoptosis

Target delivery (Parodi et 
al., 2022)

2 Cetuximab Colorectal 
cancer

Drug loaded in ethylcellulose 
NPs decorated with octreo-
tide to induce specific tar-
get. Drug release at pH 6.8 
and stable at pH 1.5, hence 
protecting overall toxicity.

Controlled 
drug release

(Wang et 
al., 2022)

3 Paclitaxel 
(Abraxane)

Metastatic 
Breast Can-

cer. Advanced 
non-small cell 
lung cancer 
(NSCLC), 
Metastaic 
Pancreatic 

cancer

Paclitaxel Albumin-bound 
particles for injectable 
suspension by preventing 
cancer cells from growing 
and dividing throughout the 
body.

Enhanced 
efficacy

(Yuan et 
al., 2020)

4 Rapamycin 
(ABI-009),

Advanced or 
metastatic 
colorectal 

cancer

Albumin-bound therapeutics 
currently under examination 
in grouping with Bevacizu-
mab and mFOLFOX6

Natural carrier 
and improved 
pharmacoki-
netic profile

(Cho et al., 
2022)

5 Doxorubicin 
(INNO-206)

Locally advan-
ced or metas-
tatic pancrea-

tic cancer

Albumin-DOX conjugate, 
prodrug of the chemothera-
py drug doxorubicin, expe-
rienced various clinical trials 
and assessed as part of a 
combination treatment

Endogenous 
drug carrier

(Cho et al., 
2022)

Table 6. Some important polymeric and protein nano-formulated drugs.

Protein Nano-Formulations

Due to intrinsic qualities, such as biocompatibil-
ity and biodegradability, which are particularly 
required for Nano formulations, proteins have 
been widely used for drug delivery systems and 
diagnostic applications. Moreover, the preparation 
of protein nanoparticles and the corresponding 
encapsulation process involved mild conditions 

without the use of toxic chemicals or organic sol-
vents. Protein nanoparticles can be generated us-
ing proteins, such as fibroins, albumin, gelatin, 
gliadine, legumin, 30Kc19, lipoprotein, and ferri-
tin proteins, and are prepared through emulsion, 
electrospray, and desolation methods (Hong et al., 
2020). Furthermore, particular protein interactions 
may be used for targeted delivery or absorption 
(Parodi et al., 2019). For instance, albumin causes 
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internalization and active transportation when it 
binds specifically to membrane-associated gp60 
(albondin) on the surface of endothelial cells. Al-
bumin is an ideal carrier for anticancer drug de-
livery because caveolae also transport albumin 
and other plasma components to the extravascu-
lar space of tumors, where subsequent interaction 
with osteonectin causes an accumulation of al-
bumin-bound medicines in the tumor interstitial 
space (Mocan et al., 2015). (Table 6) listed some of 
the important examples of Polymeric and Protein 
Nano formulated drugs.

4. RECENT BREAKTHROUGH

While new nanotechnologies seek to enhance PK/
PD, effectiveness, and specificity, several preclin-
ical investigations are now being carried out to 
produce targeted drug release and multimodal ther-
apies that are highly selective towards malignant 
cells. The minimal dosage needed can be lowered 
by establishing tailored medication release, which 
lowers complete toxicity, increases effectiveness, 
and refines the patient’s quality of life, as depicted 
in (Fig. 11) (Zhao et al., 2021).

Figure 11. Therapeutic efficiency of sustainable nanotechnology 
(Zhao et al., 2021).

Therapeutics can now be created using partic-
ular delivery systems to ensure maximum efficacy 
and least harm. Although certain targeted therapies 
may exhibit tumor specificity, they may have clin-
ical limitations due to PK/PD properties or biodis-
tribution. Therefore, future technologies such as 
Nano-formulations with gene therapy, immuno-
modulators, and theragnostic techniques have the 
potential to significantly enhance therapeutic use in 
more of a sustainable manner.

Gene Therapy

Gene therapy can overcome chemotherapy’s de-
creased efficacy and off-target toxicity of the 

chemotherapy in the context of cancer treatment. 
There are several methods for treating cancer with 
gene therapy, including gene silencing with siRNA/
shRNA, miRNA-mediated gene therapy, and sui-
cide gene therapy using transgenes that, when in-
serted into tumor cells, inhibit tumor growth (Das 
et al., 2015; Roma-Rodrigues et al., 2020; Wang 
et al., 2016). By specifically targeting tumor cells 
and preventing systemic damage, small interfering 
RNA (siRNA) and short hairpin RNA (shRNA) can 
decrease tumor-specific oncogenes and mutant tu-
mor suppressor genes (Charbe et al., 2020). Further-
more, tumor-associated miRNA expression regu-
lation is a key component of miRNA-based cancer 
therapy since these miRNAs play a crucial role in 
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the immune system to recognize and attack them 
(Aikins et al., 2020). For example, nanoparticles 
can be coated with tumor-associated antigens 
(TAAs) or tumor-specific antigens (TSAs) to elic-
it an immune response against cancer cells (Zeng 
et al., 2022). Tumor-associated antigens (TAAs) 
are present in various cell kinds and are frequent-
ly overproduced in cancerous cells, whereas tu-
mor-specific antigens (TSAs) are solely found in 
cancerous cells (Jou et al., 2021). Researchers have 
also developed nanoparticles that can deliver adju-
vants, such as Toll-like receptor (TLR) agonists, to 
enhance the immune response (Petkar et al., 2021). 
The creation of nanoparticle-based immunomodu-
lators is another way that nanotechnology is used 
in cancer immunotherapy. These nanoparticles can 
be designed to activate or inhibit specific immune 
cells or cytokines, enhancing or dampening the 
immune response as needed (Debele et al., 2020; 
Shams et al., 2022). For example, Polylactoco-
glycolic acid (PLGA) is a biodegradable polymer 
with low systemic toxicity that has been licensed 
for use in multiple drug-carrying platforms by the 
FDA and the European Medicines Agency (EMA). 
A Phase 1 clinical investigation with PLGA-based 
NPs expressing the tumor antigen NY-ESO-1 and 
the iNKT cell activator IMM60 is presently under-
way in cancer patients (ClinicalTrials.gov Identifi-
er: NCT04751786). By encapsulating antigens and 
adjuvants within the same polymeric nanoparticle 
responses towards T cell can be improved (Yang et 
al., 2019). Thus, the use of nanotechnology in can-
cer immunotherapy could potentially revolution-
ize cancer treatment by improving drug delivery, 
enhancing immune cell activation, and reducing 
toxicity.

Theragnostic Approaches

The cancer theragnostic approach pertains to uti-
lizing nanotechnology-based diagnostic and thera-
peutic agents for cancer treatment (Di Stasio et al., 
2021). These agents can be designed to carry both 
diagnostic and therapeutic payloads, enabling tar-
geted delivery and imaging of cancer cells (Siafaka 
et al., 2021). Cancer theragnostic is a developing 
area of cancer nanotechnology that has considerable 
advantages for both physicians and patients since 
it combines tailored treatment with simultaneous 
diagnosis, allowing for analysis, treatment, and 
observation of therapeutic response all at once, as 
illustrated in the (Fig. 12) (Ryu et al., 2012). 

tumor development, growth, and metastasis (Otma-
ni & Lewalle, 2021). There are various advantages
of employing gene therapy to treat cancer, but the
primary challenge is getting the gene or RNA to the
intended tumor cells because unmodified siRNA is
highly  unstable  and  cannot  easily  pass  cell  mem-
branes  due  to  its  size,  presence  of  serum  nucleas-
es,  and  the  anionic  charge  on  the  cell  membrane,
like electrostatic repulsion, which prevents siRNA
and  miRNA  to  reach  inside  cancer  cells  (Jain  et
al.,  2023;  Tian  et  al.,  2021).  Recent  developments
in nanotechnology present a potential approach for
the effective delivery of genes and short RNAs to
the targeted tumor site. Nanoparticles can transport
siRNA due to their large surface area and compact
size, which allows them to pass through cell mem-
branes more easily (Mitchell  et al.,  2021; Yao  et al.,
2020).  By  conjugating  them  to  the  surface  of  the
nanoparticles  or  attaching  them  electrostatically,
genes and short RNAs can be carried by nanopar-
ticles  (Aghamiri  et  al.,  2019;  Babu  et  al.,  2016).
Many renewable and naturally occurring polymers
or monomers are readily available and offer signif-
icant  potential  for  expanding  the  range  of  materi-
als  used  in  the  production  of  gene  therapy-based
nanoparticles (Gandini & M Lacerda, 2021; Rai  et
al.,  2019). GPX-001 is an example of a gene-based
nanoparticle used for the treatment of NSCLC that
delivers  the  gene  TUSC2,  a  protein  that  inhibits
tumor growth by regulating G1 cell cycle progres-
sion, apoptosis, calcium homeostasis, gene expres-
sion, and tyrosine and Ser/Ty kinase activity (Rim-
kus  et al.,  2017; Yadav  et al.,  2021). To boost cancer
cell death, researchers like Su and colleagues have
successfully given stat3 siRNA and the anti-cancer
medication  PTX  concurrently  through  PLGA-PEI
nanoparticles (Su  et al.,  2012). Cancer gene therapy
with nanotechnology support has the potential as an
effective and efficient method of treating cancer.

Immunotherapeutic Nanotechnology

Nanotechnology  has  opened  up  new  avenues  for
cancer  immunotherapy,  which  tackles  the  body’s
immune  system  to  fight  cancer.  The  use  of  nano-
technology  in  immunotherapy  has  the  potential  to
improve drug delivery, enhance immune cell acti-
vation, and reduce toxicity (Zhou  et al.,  2022). One
of the key applications of nanotechnology in cancer
immunotherapy  is  the  development  of  nanoparti-
cle-based vaccines. These vaccines can be designed
to  mimic  the  structure  of  cancer  cells,  allowing
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Nanotechnology has recently been used to create 
a variety of cancer theragnostic platforms, includ-
ing multifunctional nanoparticles, carbon quantum 
dots, and carbon nanorods. These platforms are 
used in invasive imaging methods like computed to-
mography, magnetic resonance imaging (MRI), and 
fluorescence imaging (CT) (Xue et al., 2021). Che-
motherapy, photothermal therapy, siRNA/miRNA 
therapy, and other cancer therapies are now being 
investigated with theragnostic nanoparticles (Anani 
et al., 2021; Shrestha et al., 2021). At the tumor site 

in the SCC7 mouse model, researchers administered 
chitosan-based theragnostic NPs encapsulating the 
medication PTX and labeled with an NIR fluores-
cent dye, Cy5.5 (Fathi et al., 2018; Ryu et al., 2014). 
With improved drug distribution, more therapeutic 
efficacy, and better disease monitoring, the use of 
sustainable nanotechnology in cancer theragnos-
tics has the potential to enhance the effectiveness 
of cancer treatments. However, additional study is 
required to completely comprehend the safety and 
efficacy of these nanotechnology-based methods.

Figure 12. Theragnostic approach (Di Stasio et al., 2021; Siafaka et al., 2021).

https://doi.org/10.37819/nanofab.8.1772



Advancements and application of sustainable…REVIEW ARTICLE

	 Nanofabrication (2023), 8 | 19 

 

Minimally Invasive Therapies

Sustainable nanotechnology will drive the devel-
opment of minimally invasive cancer treatments, 
reducing the need for surgery and lengthy hospi-
tal stays. Techniques like localized hyperthermia 
therapy using magnetic nanoparticles will become 
more commonplace, improving patient comfort and 
recovery times.

Environmental Considerations

Sustainable nanotechnology practices to minimize 
the potential environmental impacts of this technol-
ogy. This could include using green nanomaterials 
that are less harmful to the environment, develop-
ing methods to recycle or reuse nanomaterials, and 
designing nanotechnology products that are more 
environmentally friendly.

Reduced Healthcare Footprint

Sustainable nanotechnology applications will lead 
to reduced healthcare-related environmental im-
pacts through efficient drug delivery and resource 
utilization. Lower chemical and pharmaceutical 
waste will lessen the burden on waste management 
and water treatment systems.

Resource Conservation

By optimizing the use of resources and reducing 
waste, nanotechnology in cancer therapeutics will 
contribute to the conservation of natural resourc-
es and energy. The development of recyclable and 
biodegradable nanomaterials will further enhance 
sustainability.

CONCLUSION

In conclusion, sustainable nanotechnology has the 
potential to enhance contemporary nanotechnology 
achievements in cancer treatment by reducing envi-
ronmental impact, improving biocompatibility and 
safety, enabling targeted drug delivery, enhancing 
imaging and diagnostics, advancing theragnostic, 
facilitating early detection through nanosensors and 
biomarkers, and supporting personalized medicine. 
Embracing sustainable practices in nanotechnology 
will contribute to more effective, safer, and envi-
ronmentally conscious cancer treatments, ultimate-
ly improving patient outcomes and quality of life.

5. FUTURE PROSPECTIVE

The prospects, scope and potentials of sustainable
nanotechnology in cancer treatment are incredibly
promising.  While  contemporary  nanotechnology
has  already  made  significant  strides  in  the  field,
sustainable  nanotechnology  offers  additional  ad-
vantages that can revolutionize cancer treatment.
Some  of  the  key  areas  where  sustainable  nano-
technology  holds  immense  potential  are  men-
tioned below

Targeted Drug Delivery

Sustainable nanotechnology will continue to im-
prove  the  precision  of  drug  delivery  to  cancer
cells,  minimizing  off-target  effects  and  reduc-
ing  the  dosage  required.  Smart,  biodegradable
nanocarriers  will  be  developed  to  release  drugs
in response to specific cues within the tumor mi-
croenvironment,  ensuring  maximum  therapeutic
efficacy.

Personalized Medicine

Nanotechnology  will  enable  the  development  of
personalized  cancer  treatments  based  on  a  pa-
tient’s  genetic  profile  and  tumor  characteristics.
Liquid  biopsy  techniques  using  nanomaterials
will  facilitate  non-invasive  monitoring  of  treat-
ment  response,  guiding  timely  adjustments  in
therapy.

Early Diagnosis

More sensitive and cost-effective cancer diagnostics
will emerge, with the help of nanoscale materials,
enabling early detection of the disease. Blood-based
assays and wearable devices utilizing nanotechnol-
ogy will offer real-time cancer monitoring and risk
assessment.

Immunotherapy Enhancement

Sustainable  nanotechnology  will  play  a  pivotal
role  in  enhancing  the  effectiveness  of  immuno-
therapy  approaches  by  delivering  immune-stim-
ulating  agents  directly  to  the  tumor  site.  Nano-
materials  will  be  employed  to  develop  synthetic
vaccines  and  immunomodulators,  strengthen-
ing  the  patient’s  immune  response  against
cancer.

https://doi.org/10.37819/nanofab.8.1772



REVIEW ARTICLE Vinita Sharma et al.

20 | Nanofabrication (2023) 8	

Acknowledgments

Author Jurnal Reang acknowledges financial sup-
port from the “National Fellowship and Scholar-
ship for Higher Education of ST Students” by UGC 
(via letter No. 19012/03/2018‐Sch) and Award No 
‐ 201920‐NFST‐TRI‐01478. And author Vivek Ya-
dav also acknowledges the Human Resource Devel-
opment Group-Council of Scientific and Industri-
al Research (CSIR), Govt. of India, for providing 
research fellowship (HRDG (CSIR) sanction letter 
no. 09/981 (0006)/2019EMR-1). 

Author Contributions

All authors participated in drafting, conceiving, 
designing, and writing the review and revised the 
manuscript for important intellectual content. All 
authors approved the final version submitted for 
publication.

Conflict of Interest

The authors declare no conflict of interest. ♦

REFERENCES

Abbasi, E., Aval, S. F., Akbarzadeh, A., Milani, 
M., Nasrabadi, H. T., Joo, S. W., Hanifehpour, 
Y., Nejati-Koshki, K., & Pashaei-Asl, R. (2014). 
Dendrimers: synthesis, applications, and prop-
erties. Nanoscale Research Letters, 9(1), 247. 
https://doi.org/10.1186/1556-276X-9-247

Adrita, S. H., Tasnim, K. N., Ryu, J. H., & Shark-
er, S. M. (2020). Nanotheranostic Carbon Dots 
as an Emerging Platform for Cancer Therapy. In 
Journal of Nanotheranostics (Vol. 1, Issue 1, pp. 
58-77). https://doi.org/10.3390/jnt1010006

Aggarwal, R. R., Feng, F. Y., & Small, E. J. (2017). 
Emerging Categories of Disease in Advanced Pros-
tate Cancer and Their Therapeutic Implications. 
Oncology (Williston Park, N.Y.), 31(6), 467-474.

Aghamiri, S., Mehrjardi, K. F., Shabani, S., Kes-
havarz-Fathi, M., Kargar, S., & Rezaei, N. 
(2019). Nanoparticle-siRNA: a potential strat-
egy for ovarian cancer therapy? Nanomedi-
cine, 14(15), 2083-2100. https://doi.org/10.2217/
nnm-2018-0379

Aikins, M. E., Xu, C., & Moon, J. J. (2020). En-
gineered Nanoparticles for Cancer Vacci-
nation and Immunotherapy. Accounts of 

Chemical  Research,  53(10),  2094-2105.  https://
doi.org/10.1021/acs.accounts.0c00456

AlT,  M.,  sTECCA,  C.,  Tobin,  s.,  JiAng,  d.  M.,  &
S    (2020).  Enfortumab  Vedotin
  in  urothelial  cancer.  Therapeutic  Advances  in
  Urology,  12,  1756287220980192.  https://doi.
  org/10.1177/1756287220980192
AlvEn,  s.,  &  AdEribigbE,  b.  A.  (2020).  The  Ther-
  apeutic  Efficacy  of  Dendrimer  and  Micelle
  Formulations  for  Breast  Cancer  Treatment.  In
  Pharmaceutics  (Vol.  12,  Issue  12).  https://doi.
  org/10.3390/pharmaceutics12121212
AnAni,  T.,  rAhMATi,  s.,  sulTAnA,  n.,  &  dAvid,  A.
  E.  (2021).  MRI-traceable  theranostic  nanopar-
  ticles  for  targeted  cancer  treatment.  Theranos-
  tics,  11(2),  579-601.  https://doi.org/10.7150/
  thno.48811
AndriolE,  g.,  CrAWFord,  E.,  grubb,  r.,  buYs,  s.,
  ChiA,  d.,  ChurCh,  T.,  FouAd,  M.,  isAACs,  C.,
K      
L        -
me        
P   (2012). Prostate Cancer Screening in
  the Randomized Prostate, Lung, Colorectal, and
  Ovarian Cancer Screening Trial: Mortality Re-
  sults after 13 Years of Follow-up.  Journal of the
  National Cancer Institute, 104,  125-132. https://
  doi.org/10.1093/jnci/djr500
AshFord,  M.  b.,  EnglAnd,  r.  M.,  &  AkhTAr,  n.
  (2021).  Highway  to  Success  –  Developing  Ad-
  vanced  Polymer  Therapeutics.  Advanced  Ther-
  apeutics,  4(5),  2000285.  https://doi.org/https://
  doi.org/10.1002/adtp.202000285
AslAn,  b.,  ozpolAT,  b.,  sood, A.  k., &  lopEz-bEr-
e   (2013). Nanotechnology in cancer ther-
  apy.  Journal of Drug Targeting, 21(10), 904-913.
  https://doi.org/10.3109/1061186X.2013.837469
AuFFAn, M.,  rosE, J.,  boTTEro, J.-Y.,  loWrY,  g.  v,
  JolivET, J.-p., & WiEsnEr, M.  r.  (2009). Towards
  a definition of inorganic nanoparticles from an
  environmental,  health  and  safety  perspective.
  Nature Nanotechnology, 4(10), 634-641. https://
  doi.org/10.1038/nnano.2009.242
B 
  M., Munshi, A., &  rAMEsh,  r.  (2016). Nanopar-
  ticles  for  siRNA-Based  Gene  Silencing  in  Tu-
  mor  Therapy.  IEEE  Transactions  on  Nanobio-
  science, 15(8), 849-863. https://doi.org/10.1109/
  TNB.2016.2621730
B  
G -
c   (2020).  Polymeric  Nanoparticles

https://doi.org/10.37819/nanofab.8.1772



Advancements and application of sustainable…REVIEW ARTICLE

	 Nanofabrication (2023), 8 | 21 

A., Khadse, S. C., Satheeshkumar, R., Satija, 
S., Metha, M., Chellappan, D. K., Shrivastava, 
G., Gupta, G., Negi, P., Dua, K., & Zacconi, F. 
C. (2020). Small interfering RNA for cancer 
treatment: overcoming hurdles in delivery. Acta 
Pharmaceutica Sinica B, 10(11), 2075‑2109. 
ht tps: //doi .org /ht tps: //doi .org /10.1016/j.
apsb.2020.10.005

Chaturvedi, V. K., Singh, A., Singh, V. K., & Singh, 
M. P. (2019). Cancer Nanotechnology: A New 
Revolution for Cancer Diagnosis and Thera-
py. Current Drug Metabolism, 20(6), 416-429. 
https://doi.org/10.2174/138920021966618091
8111528

Chen, H. H. W., & Kuo, M. T. (2017). Improving 
radiotherapy in cancer treatment: Promises and 
challenges. Oncotarget, 8(37), 62742-62758. 
https://doi.org/10.18632/oncotarget.18409

Chen, X.-J., Zhang, X.-Q., Liu, Q., Zhang, J., & 
Zhou, G. (2018). Nanotechnology: a promising 
method for oral cancer detection and diagnosis. 
Journal of Nanobiotechnology, 16(1), 52. https://
doi.org/10.1186/s12951-018-0378-6

Chis, A. A., Dobrea, C., Morgovan, C., Arseniu, 
A. M., Rus, L. L., Butuca, A., Juncan, A. M., 
Totan, M., Vonica-Tincu, A. L., Cormos, G., 
Muntean, A. C., Muresan, M. L., Gligor, F. 
G., & Frum, A. (2020). Applications and Lim-
itations of Dendrimers in Biomedicine. Mole-
cules (Basel, Switzerland), 25(17). https://doi.
org/10.3390/molecules25173982

Cho, H., Jeon, S. I., Ahn, C.-H., Shim, M. K., & 
Kim, K. (2022). Emerging Albumin-Binding 
Anticancer Drugs for Tumor-Targeted Drug 
Delivery: Current Understandings and Clinical 
Translation. Pharmaceutics, 14(4). https://doi.
org/10.3390/pharmaceutics14040728

Das, S. K., Menezes, M. E., Bhatia, S., Wang, X.-Y., 
Emdad, L., Sarkar, D., & Fisher, P. B. (2015). 
Gene Therapies for Cancer: Strategies, Chal-
lenges and Successes. Journal of Cellular Phys-
iology, 230(2), 259-271. https://doi.org/10.1002/
jcp.24791

Debele, T. A., Yeh, C.-F., & Su, W.-P. (2020). Cancer 
Immunotherapy and Application of Nanoparti-
cles in Cancers Immunotherapy as the Delivery 
of Immunotherapeutic Agents and as the Im-
munomodulators. Cancers, 12(12). https://doi.
org/10.3390/cancers12123773

Deverka, P. A., Douglas, M. P., & Phillips, K. 
A. (2022). Multicancer Screening Tests: An-
ticipating And Addressing Considerations For 

for  Drug  Delivery:  Recent  Developments  and
Future  Prospects.  Nanomaterials  (Basel,
Switzerland),  10(7).  https://doi.org/10.3390/
nano10071403

B       
G   
  CArnEvAlE,  k.  A.,  bornMAnn,  W.  g.,  booTh-
ma       (2010).  Beta-lapachone
  micellar  nanotherapeutics  for  non-small  cell
  lung  cancer  therapy.  Cancer  Research,  70(10),
  3896-3904.  https://doi.org/10.1158/0008-5472.
  CAN-09-3995
B   (2015). Princi-
  ples of nanoparticle design for overcoming bio-
  logical barriers to drug delivery.  Nature Biotech-
  nology,  33(9),  941-951.  https://doi.org/10.1038/
  nbt.3330
B     (2015).  Liposomes
  as  nanomedical  devices.  International  Jour-
  nal  of  Nanomedicine,  10,  975-999.  https://doi.
  org/10.2147/IJN.S68861
B 
  J.  (2017).  Lifestyle  Modification  in  Secondary
  Prevention:  Beyond  Pharmacotherapy.  Ameri-
  can Journal of Lifestyle Medicine, 11(2), 137-152.
  https://doi.org/10.1177/1559827616651402
B     
L    (2020). Antibody-drug
  conjugates  for  previously  treated  aggressive
  lymphomas: focus on polatuzumab vedotin.  Ex-
  pert  Review  of  Clinical  Pharmacology,  13(10),
  1073-1083.  https://doi.org/10.1080/17512433.
  2020.1826303
CArACCiolo,  g.,  vAli,  h.,  MoorE,  A.,  &  MAh-
m   (2019).  Challenges  in  molecular  di-
  agnostic  research  in  cancer  nanotechnology.
  Nano  Today,  27,  6-10.  https://doi.org/10.1016/j.
  nantod.2019.06.001
ChAlouni,  C.,  &  doll,  s.  (2018).  Fate  of  An-
  tibody-Drug  Conjugates  in  Cancer  Cells.

Journal  of  Experimental  &  Clinical  Cancer
Research,  37(1),  20.  https://doi.org/10.1186/
s13046-017-0667-1

ChAndrAsEkAr,  n.,  sTEFFi,  A.  p.,  rAMAChAndrAn,
B    -
a  (2023). MXenes - Versatile 2D materials
  for  identification  of  biomarkers  and  contami-
  nants  in  large  scale  environments  –  A  review.
  Environmental  Research,  228,  115900.  https://
  doi.org/10.1016/j.envres.2023.115900
ChArbE,  n.  b., AMnErkAr,  n.  d.,  rAMEsh,  b., TAM-
  buWAlA, M. M.,  bAkshi,  h. A., AlJAbAli, A. A.

https://doi.org/10.37819/nanofab.8.1772



REVIEW ARTICLE Vinita Sharma et al.

22 | Nanofabrication (2023) 8	

Payer Coverage And Patient Access. Health Af-
fairs (Project Hope), 41(3), 383-389. https://doi.
org/10.1377/hlthaff.2021.01316

Di Stasio, G. D., Buonomano, P., Travaini, L. L., 
Grana, C. M., & Mansi, L. (2021). From the 
Magic Bullet to Theragnostics: Certitudes and 
Hypotheses, Trying to Optimize the Soma-
tostatin Model. Cancers, 13(14). https://doi.
org/10.3390/cancers13143474

Dichwalkar, T., Patel, S., Bapat, S., Pancho-
li, P., Jasani, N., Desai, B., Yellepeddi, V. K., 
& Sehdev, V. (2017). Omega-3 Fatty Acid 
Grafted PAMAM-Paclitaxel Conjugate Ex-
hibits Enhanced Anticancer Activity in Upper 
Gastrointestinal Cancer Cells. Macromolecu-
lar Bioscience, 17(8). https://doi.org/10.1002/
mabi.201600457

Dik, G., Ulu, A., & Ateş, B. (2023). Synthesis and 
Biomedical Applications of Polymer-Function-
alized Magnetic Nanoparticles. Nanofabrica-
tion, 8. https://doi.org/10.37819/nanofab.8.329

Dillekås, H., Rogers, M. S., & Straume, O. (2019). 
Are 90% of deaths from cancer caused by me-
tastases? Cancer Medicine, 8(12), 5574-5576. 
https://doi.org/10.1002/cam4.2474

Doria, G., Conde, J., Veigas, B., Giestas, L., Almei-
da, C., Assunção, M., Rosa, J., & Baptista, P. 
V. (2012). Noble metal nanoparticles for bio-
sensing applications. Sensors (Basel, Switzer-
land), 12(2), 1657-1687. https://doi.org/10.3390/
s120201657

Etrych, T., Braunova, A., Zogala, D., Lambert, 
L., Renesova, N., & Klener, P. (2022). Target-
ed Drug Delivery and Theranostic Strategies in 
Malignant Lymphomas. Cancers, 14(3). https://
doi.org/10.3390/cancers14030626

Fathi, M., Majidi, S., Zangabad, P. S., Barar, J., Er-
fan-Niya, H., & Omidi, Y. (2018). Chitosan-based 
multifunctional nanomedicines and theranostics 
for targeted therapy of cancer. Medicinal Re-
search Reviews, 38(6), 2110‑2136. https://doi.
org/https://doi.org/10.1002/med.21506

Franco, Y. L., Vaidya, T. R., & Ait-Oudhia, S. 
(2018). Anticancer and cardio-protective ef-
fects of liposomal doxorubicin in the treatment 
of breast cancer. Breast Cancer (Dove Medi-
cal Press), 10, 131-141. https://doi.org/10.2147/
BCTT.S170239

Fu, S., Xia, J., & Wu, J. (2016). Functional Chitosan 
Nanoparticles in Cancer Treatment. Journal of 
Biomedical Nanotechnology, 12(8), 1585-1603. 
https://doi.org/10.1166/jbn.2016.2228

 

 

Fu,  z.,  li,  s.,  hAn,  s.,  shi, C., &  zhAng, Y.  (2022).
  Antibody  drug  conjugate:  the  “biological  mis-
  sile”  for  targeted  cancer  therapy.  Signal  Trans-
  duction and Targeted Therapy, 7(1), 93. https://
  doi.org/10.1038/s41392-022-00947-7
G    (2003).
  Pharmacokinetics of pegylated liposomal Doxo-
  rubicin:  review  of  animal  and  human  studies.
  Clinical Pharmacokinetics, 42(5), 419-436. https://
  doi.org/10.2165/00003088-200342050-00002
G      (2021).  Monomers
  and Macromolecular Materials from Renewable
  Resources:  State  of  the  Art  and  Perspectives.
  Molecules (Basel, Switzerland), 27(1). https://doi.
  org/10.3390/molecules27010159
G   -
  dríguEz, A.,  sArAbiA, F.,  prAdos, J., MElguizo,
  C., &  lópEz-roMEro, J. M.  (2019). Lipid-Based
  Nanoparticles: Application and Recent Advanc-
  es  in  Cancer  Treatment.  Nanomaterials  (Ba-
  sel,  Switzerland),  9(4).  https://doi.org/10.3390/
  nano9040638
G     
N       (2005).
  Block copolymer micelles: preparation, charac-
  terization and application in drug delivery.  Jour-
  nal of Controlled Release: Official Journal of the
  Controlled  Release  Society,  109(1-3),  169-188.
  https://doi.org/10.1016/j.jconrel.2005.09.034
GAvAs,  s.,  QUAzi,  s.,  &  kArpiński,  t.  M.  (2021).
  Nanoparticles  for  Cancer  Therapy:  Current
  Progress  and  Challenges.  Nanoscale  Research
  Letters, 16(1), 173. https://doi.org/10.1186/
  s11671-021-03628-6
G       (2021).  Phy-
  tochemical  Screening,  Antioxidant  Assay  and
  Cytotoxic  Profile  for  Different  Extracts  of
  Chrysopogon  zizanioides  Roots.  Chemistry  &
  Biodiversity,  18(8),  e2100012.  https://doi.org/
  https://doi.org/10.1002/cbdv.202100012
G       
K  (2023).  Green  and  sustainable  synthesis
  of  nanomaterials:  Recent  advancements  and
  limitations.  Environmental  Research,  231,
  116316.  https://doi.org/https://doi.org/10.1016/j.
  envres.2023.116316
H        
  M.  (2020). Antibody-Drug Conjugates for Can-
  cer  Therapy.  Molecules,  25(20).  https://doi.
  org/10.3390/molecules25204764
H      -
ma   (2023). Applications of nanotechnology

https://doi.org/10.37819/nanofab.8.1772



Advancements and application of sustainable…REVIEW ARTICLE

	 Nanofabrication (2023), 8 | 23 

as biomarkers in colorectal cancer. Oncotarget, 
8(33), 55632-55645. https://doi.org/10.18632/
oncotarget.17184

Jiang, Y., Krishnan, N., Heo, J., Fang, R. H., & 
Zhang, L. (2020). Nanoparticle-hydrogel su-
perstructures for biomedical applications. Jour-
nal of Controlled Release: Official Journal of 
the Controlled Release Society, 324, 505-521. 
https://doi.org/10.1016/j.jconrel.2020.05.041

Jin, R., Guo, X., Dong, L., Xie, E., & Cao, A. (2017). 
Amphipathic dextran-doxorubicin prodrug mi-
celles for solid tumor therapy. Colloids and Sur-
faces B: Biointerfaces, 158, 47-56. https://doi.org/
https://doi.org/10.1016/j.colsurfb.2017.06.023

Jou, J., Harrington, K. J., Zocca, M.-B., Eh-
rnrooth, E., & Cohen, E. E. W. (2021). The 
Changing Landscape of Therapeutic Cancer 
Vaccines-Novel Platforms and Neoantigen 
Identification. Clinical Cancer Research: An 
Official Journal of the American Association for 
Cancer Research, 27(3), 689-703. https://doi.
org/10.1158/1078-0432.CCR-20-0245

Kager, L., Pötschger, U., & Bielack, S. (2010). Re-
view of mifamurtide in the treatment of patients 
with osteosarcoma. Therapeutics and Clini-
cal Risk Management, 6, 279-286. https://doi.
org/10.2147/tcrm.s5688

Kamaly, N., Yameen, B., Wu, J., & Farokhzad, O. 
C. (2016). Degradable Controlled-Release Poly-
mers and Polymeric Nanoparticles: Mechanisms 
of Controlling Drug Release. Chemical Reviews, 
116(4), 2602-2663. https://doi.org/10.1021/acs.
chemrev.5b00346

Kang, B., Mackey, M. A., & El-Sayed, M. A. 
(2010). Nuclear targeting of gold nanoparticles 
in cancer cells induces DNA damage, causing 
cytokinesis arrest and apoptosis. Journal of the 
American Chemical Society, 132(5), 1517-1519. 
https://doi.org/10.1021/ja9102698

Kaur, H., Siwal, S. S., Kumar, V., & Thakur, V. 
K. (2023). Deep Eutectic Solvents toward the 
Detection and Extraction of Neurotransmit-
ters: An Emerging Paradigm for Biomedical 
Applications. Industrial & Engineering Chem-
istry Research. https://doi.org/10.1021/acs.iecr. 
3c00410

Kemp, J. A., & Kwon, Y. J. (2021). Cancer nanotech-
nology: current status and perspectives. Nano 
Convergence, 8(1), 34. https://doi.org/10.1186/
s40580-021-00282-7

Kemp, J. A., Shim, M. S., Heo, C. Y., & Kwon, Y. J. 
(2016). “Combo” nanomedicine: Co-delivery of 

in  medical  field:  a  brief  review.  Global  Health
Journal,  7(2),  70-77.  https://doi.org/https://doi.
org/10.1016/j.glohj.2023.02.008

H    
  FulTon,  d.  A.  (2013).  Gold  nanoparticle-en-
  hanced  luminescence  of  silicon  quantum  dots
  co-encapsulated  in  polymer  nanoparticles.  Na-
  noscale, 5(9), 3817-3827. https://doi.org/10.1039/
  C3NR00421J
H        -
  volskAiA, M. A.,  sTErn,  s. T., MonTgoMErY,  s.
  A.,  YuAn,  h.,  li,  z.,  AlAkhovA,  d.,  sokolskY,
  M.,  dArr,  d.  b.,  pErou,  C.  M.,  JordAn,  r.,
L       (2016).  A
  high  capacity  polymeric  micelle  of  paclitaxel:
  Implication  of  high  dose  drug  therapy  to  safe-
  ty  and  in  vivo  anti-cancer  activity.  Biomate-
  rials,  101,  296-309.  https://doi.org/10.1016/j.
  biomaterials.2016.06.002
H         
L       (2020).  Protein-Based
  Nanoparticles  as  Drug  Delivery  Systems.
  Pharmaceutics,  12(7).  https://doi.org/10.3390/
  pharmaceutics12070604
H  (2021).  Nebulized  lipid  nanoparticles.
  Nature Reviews.  Materials, 6(12), 1077. https://
  doi.org/10.1038/s41578-021-00392-y
H      (2018).  Editorial:  Advances
  and  Challenges  in  Nanomedicine.  In  Frontiers
  in  Pharmacology  (Vol.  9,  p.  1397).  https://doi.
  org/10.3389/fphar.2018.01397
I   
R    (2022). Encapsulation, Re-
  lease, and Cytotoxicity of Doxorubicin Loaded
  in  Liposomes,  Micelles,  and  Metal-Organic
  Frameworks:  A  Review.  Pharmaceutics,  14(2).
  https://doi.org/10.3390/pharmaceutics14020254
JAin,  d.,  prAJApATi,  s.  k.,  JAin,  A.,  &  singhAl,  r.
  (2023).  Nano-formulated  siRNA-based  ther-
  apeutic  approaches  for  cancer  therapy.  Nano
  Trends,  1,  100006.  https://doi.org/https://doi.
  org/10.1016/j.nwnano.2023.100006
Ji, T.,  zhAo, Y., WAng, J.,  zhEng, X., TiAn, Y.,  zhAo,
  Y.,  &  niE,  g.  (2013).  Tumor  fibroblast  specific
  activation  of  a  hybrid  ferritin  nanocage-based
  optical probe for tumor microenvironment imag-
  ing.  Small (Weinheim an Der Bergstrasse, Ger-
  many), 9(14), 2427-2431. https://doi.org/10.1002/
  smll.201300600
JiA,  s.,  zhAng,  r.,  li,  z.,  &  li,  J.  (2017).  Clinical
  and biological significance of circulating tumor
  cells,  circulating  tumor  DNA,  and  exosomes

https://doi.org/10.37819/nanofab.8.1772



REVIEW ARTICLE Vinita Sharma et al.

24 | Nanofabrication (2023) 8	

multi-modal therapeutics for efficient, targeted, 
and safe cancer therapy. Advanced Drug Deliv-
ery Reviews, 98, 3-18. https://doi.org/10.1016/j.
addr.2015.10.019

Koo, O. M., Rubinstein, I., & Onyuksel, H. (2005). 
Role of nanotechnology in targeted drug de-
livery and imaging: a concise review. Nano-
medicine: Nanotechnology, Biology, and Med-
icine, 1(3), 193-212. https://doi.org/10.1016/j.
nano.2005.06.004

Kumar, B., Kumar, R., Skvortsova, I., & Kumar, 
V. (2017). Mechanisms of Tubulin Binding 
Ligands to Target Cancer Cells: Updates on 
their Therapeutic Potential and Clinical Trials. 
Current Cancer Drug Targets, 17(4), 357-375. 
https://doi.org/10.2174/15680096166661609281
10818

Laurent, S., Forge, D., Port, M., Roch, A., Robic, 
C., Vander Elst, L., & Muller, R. N. (2008). 
Magnetic iron oxide nanoparticles: synthesis, 
stabilization, vectorization, physicochemical 
characterizations, and biological applications. 
Chemical Reviews, 108(6), 2064-2110. https://
doi.org/10.1021/cr068445e

Lee, C. C., Gillies, E. R., Fox, M. E., Guillaudeu, 
S. J., Fréchet, J. M. J., Dy, E. E., & Szoka, F. C. 
(2006). A single dose of doxorubicin-function-
alized bow-tie dendrimer cures mice bearing 
C-26 colon carcinomas. Proceedings of the Na-
tional Academy of Sciences of the United States 
of America, 103(45), 16649-16654. https://doi.
org/10.1073/pnas.0607705103

Lee, E. S., Na, K., & Bae, Y. H. (2005). Doxorubi-
cin loaded pH-sensitive polymeric micelles for 
reversal of resistant MCF-7 tumor. Journal of 
Controlled Release: Official Journal of the Con-
trolled Release Society, 103(2), 405-418. https://
doi.org/10.1016/j.jconrel.2004.12.018

Machtakova, M., Thérien-Aubin, H., & Land-
fester, K. (2022). Polymer nano-systems for the 
encapsulation and delivery of active biomacro-
molecular therapeutic agents. Chemical Society 
Reviews, 51(1), 128-152. https://doi.org/10.1039/
d1cs00686j

Maja, L., Željko, K., & Mateja, P. (2020). Sus-
tainable technologies for liposome prepara-
tion. The Journal of Supercritical Fluids, 165, 
104984. https://doi.org/https://doi.org/10.1016/j.
supflu.2020.104984

Malone, E. R., Oliva, M., Sabatini, P. J. B., Stock-
ley, T. L., & Siu, L. L. (2020). Molecular pro-
filing for precision cancer therapies. Genome 

 

Medicine,  12(1),  8.  https://doi.org/10.1186/
s13073-019-0703-1

MAnsoor,  s.,  kondiAh,  p.  p.  d., ChoonArA, Y. E., &
P   (2019). Polymer-Based Nanoparticle
  Strategies for Insulin Delivery.  Polymers, 11(9),
  1380. https://doi.org/10.3390/polym11091380
MAsudA,  n.,  ono, M., MukohArA, T., YAsoJiMA,  h.,
S     -
  ni, M., TAniokA, M., TAkAhAshi,  s.,  kogAWA, T.,
S    
S        -
  ri,  k.  (2022).  Phase  1  study  of  the  liposomal
  formulation  of  eribulin  (E7389-LF):  Results
  from  the  breast  cancer  expansion  cohort.  Eu-
  ropean  Journal  of  Cancer  (Oxford,  England:
  1990),  168,  108-118.  https://doi.org/10.1016/j.
  ejca.2022.03.004
MCCoMbs,  J.  r.,  &  oWEn,  s.  C.  (2015).  Antibody
  drug conjugates: design and selection of linker,
  payload  and  conjugation  chemistry.  The  AAPS
  Journal, 17(2), 339-351. https://doi.org/10.1208/
  s12248-014-9710-8
MCgArvEY,  n.,  giTlin, M., FAdli, E., & Chung,  k.
  C.  (2022).  Increased  healthcare  costs  by  later
  stage  cancer  diagnosis.  BMC  Health  Services
  Research,  22(1),  1155.  https://doi.org/10.1186/
  s12913-022-08457-6
MilAno,  g.,  innoCEnTi,  F.,  &  MinAMi,  h.  (2022).
  Liposomal  irinotecan  (Onivyde):  Exempli-
  fying  the  benefits  of  nanotherapeutic  drugs.
  Cancer  Science,  113(7),  2224-2231.  https://doi.
  org/10.1111/cas.15377
MiTChEll, M. J.,  billingslEY, M. M.,  hAlEY,  r. M.,
  WEChslEr,  M.  E.,  pEppAs,  n.  A.,  &  lAngEr,  r.
  (2021).  Engineering  precision  nanoparticles
  for  drug  delivery.  Nature  Reviews  Drug  Dis-
  covery,  20(2),  101-124.  https://doi.org/10.1038/
  s41573-020-0090-8
MoCAn,  l.,  MATEA,  C.,  TAbArAn,  F.  A.,  MosTEA-
  nu,  o.,  pop, T., MoCAn, T., &  iAnCu, C.  (2015).
  Photothermal treatment of liver cancer with al-
  bumin-conjugated  gold  nanoparticles  initiates
  Golgi Apparatus-ER dysfunction and caspase-3
  apoptotic  pathway  activation  by  selective  tar-
  geting  of  Gp60  receptor.  International  Journal
  of  Nanomedicine,  10,  5435-5445.  https://doi.
  org/10.2147/IJN.S86495
MoghiMi-dEhkordi,  b.,  &  sAFAEE,  A.  (2012).  An
  overview  of  colorectal  cancer  survival  rates
  and  prognosis  in  Asia.  World  Journal  of  Gas-
  trointestinal  Oncology,  4(4),  71-75.  https://doi.
  org/10.4251/wjgo.v4.i4.71

https://doi.org/10.37819/nanofab.8.1772



Advancements and application of sustainable…REVIEW ARTICLE

	 Nanofabrication (2023), 8 | 25 

 

 

In Biomolecules (Vol. 9, Issue 6). https://doi.
org/10.3390/biom9060218

Peer, D., Karp, J. M., Hong, S., Farokhzad, O. C., 
Margalit, R., & Langer, R. (2007). Nanocarri-
ers as an emerging platform for cancer therapy. 
Nature Nanotechnology, 2(12), 751-760. https://
doi.org/10.1038/nnano.2007.387

Petkar, K. C., Patil, S. M., Chavhan, S. S., Kane-
ko, K., Sawant, K. K., Kunda, N. K., & Sal-
eem, I. Y. (2021). An Overview of Nanocar-
rier-Based Adjuvants for Vaccine Delivery. 
Pharmaceutics, 13(4). https://doi.org/10.3390/
pharmaceutics13040455

Petre, C. E., & Dittmer, D. P. (2007). Liposomal 
daunorubicin as treatment for Kaposi’s sarcoma. 
International Journal of Nanomedicine, 2(3), 
277-288.

Piffoux, M., Silva, A. K. A., Wilhelm, C., Gazeau, 
F., & Tareste, D. (2018). Modification of Extra-
cellular Vesicles by Fusion with Liposomes for 
the Design of Personalized Biogenic Drug De-
livery Systems. ACS Nano, 12(7), 6830-6842. 
https://doi.org/10.1021/acsnano.8b02053

Pillaiyar, T., Meenakshisundaram, S., Manick-
am, M., & Sankaranarayanan, M. (2020). A 
medicinal chemistry perspective of drug re-
positioning: Recent advances and challenges 
in drug discovery. European Journal of Me-
dicinal Chemistry, 195, 112275. https://doi.
org/10.1016/j.ejmech.2020.112275

Prakash, N., Balaji, R., Chen, S.-M., Steffi, A. P., 
Tamilalagan, E., Narendhar, C., & Muthusan-
kar, E. (2021). Investigation of template-assist-
ed (MCM-41) mesoporous Co3O4 nanostruc-
tures and its superior supercapacitive retention. 
Vacuum, 185, 109998. https://doi.org/https://doi.
org/10.1016/j.vacuum.2020.109998

Prakash, N., Balaji, R., Govindaraju, S., Stef-
fi, A. P., Santhanalakshmi, N., Mohanraj, K., 
Selvarajan, E., Chandrasekar, N., & Samuel, 
M. S. (2022). Influence of 2D template-assisted 
(SBA-15) metal oxide Co3O4 for pseudocapac-
itive and dye degradation application. Environ-
mental Research, 204, 112383. https://doi.org/
https://doi.org/10.1016/j.envres.2021.112383

Rai, R., Alwani, S., & Badea, I. (2019). Polymeric 
Nanoparticles in Gene Therapy: New Avenues 
of Design and Optimization for Delivery Appli-
cations. Polymers, 11(4). https://doi.org/10.3390/
polym11040745

Ramesh, M., Janani, R., Deepa, C., & Rajeshkumar, 
L. (2023). Nanotechnology-Enabled Biosensors: 

N     (2015). Math-
  ematical Modelling and Prediction of the Effect
  of  Chemotherapy  on  Cancer  Cells.  Scientific
  Reports,  5(1),  13583.  https://doi.org/10.1038/
  srep13583
N      
S        (2019).
  Current  trends  and  challenges  in  cancer  man-
  agement  and  therapy  using  designer  nanoma-
  terials.  Nano Convergence, 6(1), 23. https://doi.
  org/10.1186/s40580-019-0193-2
N        (2023).  For-
  mulation  and  Evaluation  of  Mucoadhesive
  Buccal  tablets  using  Nimodipine  Solid  Lipid
  Nanoparticles.  Nanofabrication,  8.  https://doi.
  org/10.37819/nanofab.008.296
N    (2020).
  Trastuzumab: More than a Guide in HER2-Pos-
  itive  Cancer  Nanomedicine.  Nanomaterials,
  10(9). https://doi.org/10.3390/nano10091674
N   
N    (2023). Can-
  cer nanomedicine: a review of nano-therapeutics
  and  challenges  ahead.  RSC  Advances,  13(13),
  8606-8629. https://doi.org/10.1039/d2ra07863e
O    
  (2022). Nanoparticles and Nanomaterials-Based
  Recent Approaches in Upgraded Targeting and
  Management  of  Cancer:  A  Review.  Cancers,
  15(1). https://doi.org/10.3390/cancers15010162
O     (2021).  Tumor  Sup-
  pressor miRNA in Cancer Cells and the Tumor
  Microenvironment:  Mechanism  of  Deregu-
  lation  and  Clinical  Implications.  Frontiers  in
  Oncology,  11,  708765.  https://doi.org/10.3389/
  fonc.2021.708765
P (2022). Tailoring strategies for colorec-
  tal  cancer  screening  and  treatment  based  on
  age  in  colorectal  cancer  patients.  In  Annals  of
  coloproctology  (Vol.  38,  Issue  3,  pp.  181-182).
  https://doi.org/10.3393/ac.2022.00395.0056
P    -
  vA,  A.  s.,  kosTYushEv,  d.,  TrushinA,  d.  b.,
  AkAsov,  r.,  pAllAEvA, T., &  zAMYATnin, A. A. J.
  (2022). Anticancer Nanotherapeutics in Clinical
  Trials: The Work behind Clinical Translation of
  Nanomedicine.  International Journal of Molec-
  ular  Sciences,  23(21).  https://doi.org/10.3390/
  ijms232113368
P      
  M.,  &  zAMYATnin,  A.  A.  (2019).  Albumin
  Nanovectors  in  Cancer  Therapy  and  Imaging.

https://doi.org/10.37819/nanofab.8.1772



REVIEW ARTICLE Vinita Sharma et al.

26 | Nanofabrication (2023) 8	

A Review of Fundamentals, Design Principles, 
Materials, and Applications. Biosensors, 13(1). 
https://doi.org/10.3390/bios13010040

Rasool, M., Malik, A., Waquar, S., Arooj, M., Za-
hid, S., Asif, M., Shaheen, S., Hussain, A., Ul-
lah, H., & Gan, S. H. (2022). New challenges 
in the use of nanomedicine in cancer therapy. 
Bioengineered, 13(1), 759-773. https://doi.org/
10.1080/21655979.2021.2012907

Reang, J., Sharma, K., Sharma, P. C., Yadav, V., 
Sharma, V., & Majeed, J. (2023). Discovery of 
VEGFR inhibitors through virtual screening 
and energy assessment. Journal of Biochemi-
cal and Molecular Toxicology, n/a(n/a), e23321. 
https://doi.org/https://doi.org/10.1002/jbt.23321

Reang, J., Sharma, P. C., Thakur, V. K., & Majeed, 
J. (2021). Understanding the Therapeutic Po-
tential of Ascorbic Acid in the Battle to Over-
come Cancer. In Biomolecules (Vol. 11, Issue 8). 
https://doi.org/10.3390/biom11081130

Rimkus, T., Sirkisoon, S., Harrison, A., & Lo, 
H.-W. (2017). Tumor suppressor candidate 2 
(TUSC2, FUS-1) and human cancers. Discovery 
Medicine, 23(128), 325-330.

Roma-Rodrigues, C., Rivas-García, L., Baptista, 
P. V, & Fernandes, A. R. (2020). Gene Ther-
apy in Cancer Treatment: Why Go Nano? In 
Pharmaceutics (Vol. 12, Issue 3). https://doi.
org/10.3390/pharmaceutics12030233

Rosa, W. E., & Hassmiller, S. B. (2020). The Sus-
tainable Development Goals and Building a Cul-
ture of Health. The American Journal of Nurs-
ing, 120(6), 69-71. https://doi.org/10.1097/01.
NAJ.0000668772.33792.1f

Ryu, J. H., Koo, H., Sun, I.-C., Yuk, S. H., Choi, K., 
Kim, K., & Kwon, I. C. (2012). Tumor-targeting 
multi-functional nanoparticles for theragnosis: 
New paradigm for cancer therapy. Advanced 
Drug Delivery Reviews, 64(13), 1447‑1458. 
ht tps: //doi .org /ht tps: //doi .org /10.1016/j.
addr.2012.06.012

Ryu, J. H., Lee, S., Son, S., Kim, S. H., Leary, J. 
F., Choi, K., & Kwon, I. C. (2014). Theranostic 
nanoparticles for future personalized medicine. 
Journal of Controlled Release: Official Journal 
of the Controlled Release Society, 190, 477-484. 
https://doi.org/10.1016/j.jconrel.2014.04.027

Salehi, B., Selamoglu, Z., S Mileski, K., Pezzani, 
R., Redaelli, M., Cho, W. C., Kobarfard, F., 
Rajabi, S., Martorell, M., Kumar, P., Martins, 
N., Subhra Santra, T., & Sharifi-Rad, J. (2019). 
Liposomal Cytarabine as Cancer Therapy: From 

 

 

 

Chemistry  to  Medicine.  Biomolecules,  9(12).
https://doi.org/10.3390/biom9120773

S   
  &  nEgi, Y.  s.  (2021). Redox-sensitive nanopar-
  ticles  based  on  xylan-lipoic  acid  conjugate  for
  tumor targeted drug delivery of niclosamide in
  cancer  therapy.  Carbohydrate  Research,  499,
  108222.  https://doi.org/https://doi.org/10.1016/j.
  carres.2020.108222
S    
R      
  AgrAWAl,  g.,  gopinATh,  p., &  nEgi, Y.  s.  (2020).
  Redox  responsive  xylan-SS-curcumin  prodrug
  nanoparticles  for  dual  drug  delivery  in  can-
  cer  therapy.  Materials  Science  and  Engineer-
  ing:  C,  107,  110356.  https://doi.org/https://doi.
  org/10.1016/j.msec.2019.110356
S     

  AMirAbAd,  l.,  zArEin, F.,  khosrAvi, A., & Ar-
  dEshirYlAJiMi, A.  (2022). Nanotechnology-based
  products for cancer immunotherapy.  Molecular
  Biology  Reports,  49(2),  1389-1412.  https://doi.
  org/10.1007/s11033-021-06876-y
S    
P    (2022). Lipid-based nanoparticles
  for  treatment  of  cancer.  Heliyon,  8(5),  e09403.
  https://doi.org/10.1016/j.heliyon.2022.e09403
S       
R     (2021).  Smart  Nanoparticles
  for  Chemo-Based  Combinational  Therapy.
  Pharmaceutics,  13(6).  https://doi.org/10.3390/
  pharmaceutics13060853
S        
  M.  e., & GünDoğDU,  e. A.  (2021). Current up-
  date on nanoplatforms as therapeutic and diag-
  nostic tools: A review for the materials used as
  nanotheranostics and imaging modalities.  Asian
  Journal  of  Pharmaceutical  Sciences,  16(1),
  24-46.  https://doi.org/https://doi.org/10.1016/j.
  ajps.2020.03.003
S     (2012).  Marqibo(R)
  (vincristine  sulfate  liposome  injection)  im-
  proves  the  pharmacokinetics  and  pharmacody-
  namics  of  vincristine.  Cancer  Chemotherapy
  and  Pharmacology,  71.  https://doi.org/10.1007/
  s00280-012-2042-4
S     -
ec   (2022).  FDA-Approved  Small  Molecule
  Compounds  as  Drugs  for  Solid  Cancers  from
  Early 2011 to the End of 2021.  Molecules (Ba-
  sel,  Switzerland),  27(7).  https://doi.org/10.3390/
  molecules27072259

https://doi.org/10.37819/nanofab.8.1772



Advancements and application of sustainable…REVIEW ARTICLE

	 Nanofabrication (2023), 8 | 27 

Tian, Z., Liang, G., Cui, K., Liang, Y., Wang, Q., 
Lv, S., Cheng, X., & Zhang, L. (2021). Insight 
Into the Prospects for RNAi Therapy of Can-
cer. In Frontiers in Pharmacology (Vol. 12). 
https://www.frontiersin.org/articles/10.3389/
fphar.2021.644718

van der Meel, R., Sulheim, E., Shi, Y., Kiessling, F., 
Mulder, W. J. M., & Lammers, T. (2019). Smart 
cancer nanomedicine. Nature Nanotechnolo-
gy, 14(11), 1007-1017. https://doi.org/10.1038/
s41565-019-0567-y

Vasan, N., Baselga, J., & Hyman, D. M. (2019). 
A view on drug resistance in cancer. Nature, 
575(7782), 299-309. https://doi.org/10.1038/
s41586-019-1730-1

Vijayan, V., Reddy, K. R., Sakthivel, S., & Swetha, 
C. (2013). Optimization and charaterization of 
repaglinide biodegradable polymeric nanoparti-
cle loaded transdermal patchs: in vitro and in 
vivo studies. Colloids and Surfaces. B, Bioint-
erfaces, 111, 150-155. https://doi.org/10.1016/j.
colsurfb.2013.05.020

Vlek, C., Skolnik, M., & Gatersleben, B. (1998). 
Sustainable development and quality of life: ex-
pected effects of prospective changes in economic 
and environmental conditions. Zeitschrift Fur Ex-
perimentelle Psychologie: Organ Der Deutschen 
Gesellschaft Fur Psychologie, 45(4), 319-333.

Wang, K., Kievit, F. M., & Zhang, M. (2016). 
Nanoparticles for cancer gene therapy: Recent 
advances, challenges, and strategies. Pharma-
cological Research, 114, 56-66. https://doi.org/
https://doi.org/10.1016/j.phrs.2016.10.016

Wang, K., Shen, R., Meng, T., Hu, F., & Yuan, H. 
(2022). Nano-Drug Delivery Systems Based on 
Different Targeting Mechanisms in the Targeted 
Therapy of Colorectal Cancer. Molecules (Ba-
sel, Switzerland), 27(9). https://doi.org/10.3390/
molecules27092981

Xu, S., Wang, L., & Liu, Z. (2021). Molecularly 
Imprinted Polymer Nanoparticles: An Emerg-
ing Versatile Platform for Cancer Therapy. An-
gewandte Chemie International Edition, 60(8), 
3858-3869. https://doi.org/https://doi.org/10.1002/
anie.202005309

Xue, Y., Gao, Y., Meng, F., & Luo, L. (2021). Re-
cent progress of nanotechnology-based ther-
anostic systems in cancer treatments. Cancer 
Biology & Medicine, 18(2), 336-351. https://doi.
org/10.20892/j.issn.2095-3941.2020.0510

Yadav, V., Reang, J., Sharma, V., Majeed, J., Sharma, 
P. C., Sharma, K., Giri, N., Kumar, A., & Tonk, 

S         
  ChEn,  h.-Y.  (2010).  Functional  nanoprobes  for
  ultrasensitive detection of biomolecules.  Chem-
  ical Society Reviews, 39(11), 4234-4243. https://
  doi.org/10.1039/C000682N
S    
N     
V   (2022). High-performance anti-cor-
  rosive coatings based on rGO-SiO2-TiO2 ternary
  heterojunction nanocomposites for superior pro-
  tection  for  mild  steel  specimens.  Diamond  and
  Related  Materials,  125,  108968.  https://doi.org/
  https://doi.org/10.1016/j.diamond.2022.108968
S      
  T.  p.,  EThirAJ,  s.,  sAMuEl,  M.  s.,  nAddA,  A.
K     (2022).  Incorpora-
  tion  of  SiO(2)  functionalized  gC(3)N(4)  sheets
  with  TiO(2)  nanoparticles  to  enhance  the  an-
  ticorrosion  performance  of  metal  specimens
  in  aggressive  Cl(-)  environment.  Chemo-
  sphere,  290,  133332.  https://doi.org/10.1016/j.
  chemosphere.2021.133332
S    (2021). Linker Design Impacts
  Antibody-Drug  Conjugate  Pharmacokinetics
  and  Efficacy  via  Modulating  the  Stability  and
  Payload  Release  Efficiency.  Frontiers  in  Phar-
  macology,  12,  687926.  https://doi.org/10.3389/
  fphar.2021.687926
S 
S  (2012). PLGA nanoparticles codeliver
  paclitaxel and Stat3 siRNA to overcome cellu-
  lar resistance in lung cancer cells.  International
  Journal of Nanomedicine, 7,  4269-4283. https://
  doi.org/10.2147/IJN.S33666
S    
  M.  (2016). PEGylation as a strategy for improv-
  ing nanoparticle-based drug and gene delivery.
  Advanced Drug Delivery Reviews, 99(Pt A), 28-
  51. https://doi.org/10.1016/j.addr.2015.09.012
S   (2016). Mathematical
  Modeling of Therapy-induced Cancer Drug Re-
  sistance:  Connecting  Cancer  Mechanisms  to
  Population  Survival  Rates.  Scientific  Reports,
  6(1), 22498. https://doi.org/10.1038/srep22498
S   (2020).  Sacituzumab  Govitecan:  First
  Approval.  Drugs, 80(10), 1019-1025. https://doi.
  org/10.1007/s40265-020-01337-5
TAWFik,  s.  M.,  Azizov,  s.,  ElMAsrY,  M.  r.,  shAri-
  pov,  M.,  &  lEE,  Y.-i.  (2021).  Recent  Advances
  in Nanomicelles Delivery Systems. In  Nanoma-
  terials  (Vol. 11, Issue 1). https://doi.org/10.3390/
  nano11010070

https://doi.org/10.37819/nanofab.8.1772



REVIEW ARTICLE Vinita Sharma et al.

28 | Nanofabrication (2023) 8	

R. K. (2022). Quinoline-derivatives as privi-
leged scaffolds for medicinal and pharmaceuti-
cal chemists: A comprehensive review. Chemical 
Biology & Drug Design, 100(3), 389-418. https://
doi.org/https://doi.org/10.1111/cbdd.14099

Yadav, V., Tonk, K. R., & Khatri, R. (2021). Mo-
lecular Docking, 3D-QSAR, Fingerprint-Based 
2D-QSAR, Analysis of Pyrimidine, and An-
alogs of ALK (Anaplastic Lymphoma Kinase) 
Inhibitors as an Anticancer Agent. In Letters 
in Drug Design & Discovery (Vol. 18, Issue 5, 
pp. 509-521). https://doi.org/http://dx.doi.org/10
.2174/1570180817999201123163617

Yang, J., Arya, S., Lung, P., Lin, Q., Huang, J., 
& Li, Q. (2019). Hybrid nanovaccine for the 
co-delivery of the mRNA antigen and adjuvant. 
Nanoscale, 11(45), 21782-21789. https://doi.
org/10.1039/C9NR05475H

Yao, Y., Zhou, Y., Liu, L., Xu, Y., Chen, Q., Wang, 
Y., Wu, S., Deng, Y., Zhang, J., & Shao, A. 
(2020). Nanoparticle-Based Drug Delivery in 
Cancer Therapy and Its Role in Overcoming 
Drug Resistance. In Frontiers in Molecular Bio-
sciences (Vol. 7). https://www.frontiersin.org/
articles/10.3389/fmolb.2020.00193

Yuan, H., Guo, H., Luan, X., He, M., Li, F., Bur-
nett, J., Truchan, N., & Sun, D. (2020). Al-
bumin Nanoparticle of Paclitaxel (Abraxane) 
Decreases while Taxol Increases Breast Can-
cer Stem Cells in Treatment of Triple Nega-
tive Breast Cancer. Molecular Pharmaceutics, 
17(7), 2275-2286. https://doi.org/10.1021/acs.
molpharmaceut.9b01221

Yue, X., & Dai, Z. (2018). Liposomal Nanotechnol-
ogy for Cancer Theranostics. Current Medicinal 
Chemistry, 25(12), 1397-1408. https://doi.org/10.
2174/0929867324666170306105350

Zeng, Y., Li, S., Zhang, S., Wang, L., Yuan, H., & 
Hu, F. (2022). Cell membrane coated-nanopar-
ticles for cancer immunotherapy. Acta Pharma-
ceutica Sinica. B, 12(8), 3233-3254. https://doi.
org/10.1016/j.apsb.2022.02.023

Zhang, E., Xing, R., Liu, S., & Li, P. (2019). Cur-
rent advances in development of new docetaxel 

formulations. Expert Opinion on Drug Delivery, 
16(3), 301-312. https://doi.org/10.1080/17425247.
2019.1583644

Zhang, H., Lv, J., & Jia, Z. (2017). Efficient Fluo-
rescence Resonance Energy Transfer between 
Quantum Dots and Gold Nanoparticles Based 
on Porous Silicon Photonic Crystal for DNA 
Detection. In Sensors (Vol. 17, Issue 5). https://
doi.org/10.3390/s17051078

Zhang, S., Jiang, S.-F., Huang, B.-C., Shen, X.-C., 
Chen, W.-J., Zhou, T.-P., Cheng, H.-Y., Cheng, 
B.-H., Wu, C.-Z., Li, W.-W., Jiang, H., & Yu, H.-
Q. (2020). Sustainable production of value-add-
ed carbon nanomaterials from biomass pyroly-
sis. Nature Sustainability, 3(9), 753-760. https://
doi.org/10.1038/s41893-020-0538-1

Zhang, Y., Li, M., Gao, X., Chen, Y., & Liu, T. 
(2019). Nanotechnology in cancer diagnosis: 
progress, challenges and opportunities. Journal 
of Hematology & Oncology, 12(1), 137. https://
doi.org/10.1186/s13045-019-0833-3

Zhang, Y., Poon, K., Masonsong, G. S. P., Ra-
maswamy, Y., & Singh, G. (2023). Sustainable 
Nanomaterials for Biomedical Applications. In 
Pharmaceutics (Vol. 15, Issue 3). https://doi.
org/10.3390/pharmaceutics15030922

Zhao, P., Tang, X., & Huang, Y. (2021). Teaching 
new tricks to old dogs: A review of drug reposi-
tioning of disulfiram for cancer nanomedicine. 
VIEW, 2(4), 20200127. https://doi.org/https://doi.
org/10.1002/VIW.20200127

Zheng, S., Wang, J., Ding, N., Chen, W., Chen, H., 
Xue, M., Chen, F., Ni, J., Wang, Z., Lin, Z., Jiang, 
H., Liu, X., & Wang, L. (2021). Prodrug poly-
meric micelles integrating cancer-associated 
fibroblasts deactivation and synergistic chemo-
therapy for gastric cancer. Journal of Nanobio-
technology, 19(1), 381. https://doi.org/10.1186/
s12951-021-01127-5

Zhou, L., Zou, M., Xu, Y., Lin, P., Lei, C., & Xia, X. 
(2022). Nano Drug Delivery System for Tumor 
Immunotherapy: Next-Generation Therapeu-
tics. Frontiers in Oncology, 12, 864301. https://
doi.org/10.3389/fonc.2022.864301

rs

https://doi.org/10.37819/nanofab.8.1772



Advancements and application of sustainable…REVIEW ARTICLE

	 Nanofabrication (2023), 8 | 29 

Publisher’s note: Eurasia Academic Publishing Group (EAPG) remains neutral 
with regard to jurisdictional claims in published maps and institutional affiliations.

Open Access. This article is licensed under a Creative Commons Attribution-NoDerivatives 4.0 
International (CC BY-ND 4.0) licence, which permits copy and redistribute the material in any me-
dium or format for any purpose, even commercially. The licensor cannot revoke these freedoms as 
long as you follow the licence terms. Under the following terms you must give appropriate credit, 
provide a link to the license, and indicate if changes were made. You may do so in any reasonable 
manner, but not in any way that suggests the licensor endorsed you or your use. If you remix, 
transform, or build upon the material, you may not distribute the modified material. To view a copy 
of this license, visit https://creativecommons.org/licenses/by-nd/4.0/.

https://doi.org/10.37819/nanofab.8.1772


