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ABSTRACT

Nanotechnology is an empirical approach that promises hope and novel treatment possibilities for cancer. This state-of-the-art
technology offers innovative methods for diagnosing and treating a variety of illnesses. Though there have been some positive
advances since the discovery of quantum dots (QD) nano-transporters, these advances are still in their development, even
though they have been shown to be beneficial to society. QD has shown to be incredibly suitable for bio-imaging, targeted
gene delivery, pharmacological research, biosensing, photodynamic therapy, and diagnosis through its usage in natural
imaging and photography. The overview’s main goal was to emphasize how important QD is for both cancer detection and
therapy. The goal is to provide readers with a basic understanding of QD, including its benefits and applications in lung cancer
management. Furthermore, we have discussed the many studies pertaining to cytotoxic analysis in order to demonstrate the
safety of QDs. The current study provides a concise summary of the current research, fabrication methods, and applications

of QD in lung cancer treatment.
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INTRODUCTION

The uttermost prevailing and malignant type of carcinoma
universally is pulmonary neoplasms. Lung tumor is the type
of neoplasm that is most intermittently diagnosed, accounting
for 11.6% of all occurrences of carcinoma globally. In the
United States, 130,180 humans are approximately demised
from pulmonary carcinoma in 2022, with 236,740 new cases'.
Smoking is to blame for almost 80% of pulmonary carcinoma
fatalities. A private or family lung neoplasm diagnosis as
well as continuous exposure to air pollution, are additional
risk factors for the disease 2. Previously, only 22 cases of
lung cancer that had been reported in the late 1840s could be
found by the British author Hasse. In 1912, Adler could only
locate 374 documented cases®. The WHO database revealed
the expected death rate and new cases in 2023. Among men,
the expected death rate and new cases were 117,55011 and
67.160 and in females, 120,790 and 59,910, respectively.
Based on WHO guidelines, lung cancer is categorized into
two categories: Non-small cell lung cancer (NSCLC) and
small cell lung cancer (SCLC)*. SCLC is a highly aggressive
form of lung cancer. It is spreading swiftly and growing at
a rapid pace. Responds favourably to radiation therapy and
chemotherapy. SCLC can affect anyone, although it primarily

affects persons who have a lengthy history of tobacco use,
particularly cigarette smoking®. All epithelial lung cancers
that are not small-cell lung cancers are collectively known as
NSCLCs. It accounts for 85% of lung cancers. In comparison
to small-cell carcinoma, (NSCLCs) are classified as being
relatively resistant to chemotherapy. They are usually treated
with surgical removal with a curative aim, but preoperative
and postoperative chemotherapy is becoming more common °.

Conventional Methods of Diagnosis for Lung cancer

Radiographic diagnosis

A Japanese study found that annual screening for lung
cancers with a clinic-based chest X-ray reduced death by 25%.
Computed tomography (CT) is superior to plain radiography
and conventional whole-lung tomography in identifying
abnormalities of the peripheral lung. Spiral CT scans are
more accurate at diagnosing conditions because they can
continuously collect data, which lowers radiation exposure
and scanning time when compared to plain radiography.
Modern spiral CT scanning can detect nodules as small as 1
to 5 mm. Spiral CT scans have improved the ability to identify

peripherally small tumors’.
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Sputum examination

Sputum cytology can identify central tumours from larger
bronchi like squamous and small-cell carcinomas. In the
sputum samples, there were no microscopic adenocarcinomas
(diameter 2 cm) that originated from small bronchi,
bronchioles, and alveoli. Since cigarette exposure adjustments
have enhanced the adenocarcinoma risk and declined the
squamous carcinoma risk, respectively, this has become
more and more significant. Sputum cytology is not precise or
sensitive enough, according to studies.

Bronchoscopy

For some histological lung cancer diagnoses, the most common
diagnostic method is white light bronchoscopy (WLB). When
it comes to diagnosing pre-malignant lesions, bronchoscopy
has considerable limits. These lesions consist of distinct layers
of cells that are a few millimeters in diameter and 0.2 to 1 mm
thick, making them difficult to see visually. To circumvent
this constraint, fluorescent bronchoscopy was developed®. To
get around this, a new type of laser photodynamic diagnostic
device was created that uses 630 nm tumor-specific medication
fluorescence. The usual endogenous fluorescence of the
combination of cells, i.e., 500 to 580 nm, is different from this
wavelength. According to morphological analysis, bronchial
pre-neoplastic and early malignant lesions frequently exhibit
angiodysplasia alterations. Smokers have been shown to
develop pre-neoplasia. Thus, there is an interest in carrying out
additional research to ascertain whether ASD can be utilized
as a biomarker for early lesions and whether it is relevant for
long-term follow-up.

Lung Tissue Biopsy

The standard for determining whether a malignancy is still
present is a tissue biopsy. Samples of lung tissue biopsies
must have sufficient tissue for the subtype of lung cancer to
be identified using histopathological methods. The biopsy may
confirm an early screening to minimize the need for repeat
surgery, raise the complications, and postpone the initialization
of treatment. Pleural fluid analysis, endobronchial ultrasound,
thoracoscopy, mediastinoscopy, and surgical techniques are
among the numerous approaches frequently employed to
identify lung cancer. These processes are expensive, prone to
errors, and could require more samples.’

Conventional Methods of Treatment for Lung Cancer

Conventional approaches for the cure of pulmonary carcinoma
are categorized into categories such as chemotherapy,
radiotherapy, and surgical treatment, immunotherapy and
molecular targeted therapy.

Surgery

It is commonly known that a lobectomy, is the best line of
treatment for NSCLC that is in its early stages. The majority
of the evidence favors lobectomy over sub-lobar resection,
notwithstanding the inconsistent nature of the data. The Lung
Cancer Research Group’s research 801, which was carried out,
provides the strongest evidence. It showed that the likelihood

of a local recurrence was three times higher for patients who
received sub-lobar resections. Additionally, it appears from
retrospective research that lobectomy often has a higher
survival rate than limited resection'”.

Neoadjuvant chemotherapy

Neoadjuvant chemotherapy may be more advantageous than
adjuvant therapy in that it can cure micrometastases early, slow
the growth of tumors, which may result in complete resection,
and be more tolerable. Neoadjuvant therapy was not shown
to be beneficial in a noteworthy French study that compared
before-operation chemotherapy with mitomycin, cisplatin,
and ifosfamide in combination with surgery to surgery alone.
Due to limited recruitment, an alternate randomized trial that
contrasted surgery alone with induction chemotherapy with
gemcitabine and cisplatin after surgery for stage IB/IIIA
was prematurely halted. However, induction chemotherapy
was found to boost stage IIB/IITA survival in a statistically
meaningful way by the researchers.!!

Adjuvant chemotherapy

Sufferers at an early stage are recommended to get adjuvant
chemotherapy because distant metastases frequently
experience failure following surgery. Following surgical
resection, adjuvant therapy—combination regimens based
on cisplatin—is advised for individuals at stages II and III-A.
This approach was found to provide a 5.4% five-year survival
enhancement based on analysis of the five trials. Adjuvant
therapy has also been shown in other studies to improve
survival following total resection. Treatment for early-stage
NSCLC with immunotherapy and molecules-targeted drugs
is becoming more and more common'?,

Immunotherapy

Stage III NSCLC is extremely difficult to manage. Concurrent
chemoradiation is the most accepted standard for unresectable
stage III NSCLC for the past ten years. Treatment for both
distant and locoregional micrometastatic illness is the goal of
this strategy. Unfortunately, only 15% of sufferers with stage
III NSCLC still have a dismal prognosis after five years'*"!.

Nanotechnology in lung cancer

Nanotechnology is presently used in various sectors in the
medical field, from diagnosis to therapy, and its application
has increased'®?’. An innovative approach with significant
potential for early identification and precise, successful cure
has been made feasible by nanotechnology and its application
in medicine. As Table 1 shows, the use of various nanomaterials
as well as a wide range of intricate concepts, methods,
processes, and instruments created at the nanoscale, are all
included in nanotechnology. Researchers have developed or
discovered a wide range of multifunctional nanomaterials over
the last few decades to enhance our quality of life.?"*

Quantum Dots

The first biomedical imaging application of quantum dots
(QDs), i.e., nanoscale semiconductor crystals, was published
in 1998. Ekimov and Onushenko first disclosed QDs in a
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Table 1: Nanotechnology in lung cancer diagnosis and treatment

Technology Nanomaterials

Application References

Fluorescence—in situ Non-fluorescent and fluorescent NPs

examination
Computer tomography Gold NPs

Magnetic resonance imaging
NPs

Positron emission
tomography

Photodynamic therapy

Radiation therapy Platinum and gold-based nanoparticles

SPIONs, manganese oxide NPs, and gadolinium oxide-based

Gold/mesoporous silica hybrid nanoparticles, Gd203-doped
carbon-11-choline (GdCho), and manganese oxide NPs.

Hypocrellin B nanoparticles, quantum dots

Fluorescent agents 24

targeted contrast agent %

Improved contrast agents 26

Improved contrast agents 2728

Photosensitizer 2

Sensitizer 30

Delivery of Nucleic acid 31

3233

Gene therapy Liposomal nucleic acid delivery technique, also known as
lipofectamine, solid lipid, and polymer-based gene delivery
vectors are all examples at hand.

Chemotherapy Polymers, dendrimers, and liposome-based drug delivery

Carriers, targeted carriers

systems (a variety of chemotherapeutic agents)

glass matrix back in 1981. Since then, this field has been
constantly expanding, and it now encompasses uses in sectors
such as computers, biomedical imaging, light-emitting
diode (LED) production, solar cells, and so on. QDs are
fluorescent semiconductor nanocrystals that are smaller than
the radius of the material’s Bohr’s exciton and made of atoms
from Mendeleev periodic table’s II-IV or III-V groups. Due
to the impact of dimensional quantization, they have the
characteristics of controlled photoluminescence. The science
of QDs started to progress after Lus Brus found in 1984 a
correlation between breadth & size of the energy gap band
for semiconductor NPs. The purpose of encapsulating these
nanocrystals was to produce core-shell nanocrystals, which
would improve their stability, biocompatibility, and quantum
yield of fluorescence®*. By preventing metal ions from leaking
from a core due to passivation on the semiconductor’s QD
surface with a high energy gap band, this structure greatly
boosted luminescence efficiency. Initially, the QDs that
generated the greatest interest were CdSe/ZnS and CdSe/CdS.
The main element is cadmium. Nonetheless, it is generally
acknowledged that cadmium ion leakage is the main reason
behind cytotoxicity based on cadmium, which makes using
QDs in vivo or in vitro challenging. The goal moved to
producing cadmium-free QDs in order to facilitate their use
in biology as the need for more biocompatible QDs grew. To
be employed as bright probes for biosensors and bioimaging,
Ag2Se, Ag2S, InP, CulnS2/ZnS, graphene quantum dots
(GQDs), QDs comprising silicon (Si-QDs), QDs containing
carbon (C-QDs), and C-QDs were produced™.

Applications of Quantum Dots

In-vivo- In-vitro imaging

Despite its application in animal models, fluorescence imaging
is constrained by the low visible light transmission within the
living system. This has motivated scientists to employ QDs
for deep-tissue optical imaging in NIR optical windows. There
are many QDs bio-imaging formulations accessible presently

in the literature. Large animals undergoing major cancer
surgery can have real-time confirmation of total resection by
using polydentate phosphine-coated QDs as direct visual aids.
Research studies revealed that cellular imaging with capped
InP@ZnS QDs showed five distinct lymphatic circulations

draining at one time™.

Drug delivery agent

QDs are appealing options for theranostic platforms because,
in a more complicated design, they can serve as both the
fluorescent labels and the principal nanocarrier. CdTe@CdS@
ZnS with paclitaxel (PTX), a well-liked drug substitute for
the correction of many malignancies. QDs were co-loaded
in NLCs to give therapeutic and diagnostic approaches. The
percentages of instances with encapsulation efficacy (80%),
drug loading (4.68%), and tumor growth suppression (77.85%)
were attained. The anticancer medication PTX and the
ZnSe:Mn/ZnS core-shell would be put into the nanocapsules.
The system was composed of hydrophilic silica on the
outside with amino groups acting as targets for the targeting
molecules, ZnSe:Mn@ZnS QDs and PTX molecules loaded
in the hydrophobic inner. The findings showed that PTX’s
solubility shows an increment of 630 times and that it might

be administered sustainably for nearly 12 hours®.

Sensors

Chan and Nie published publications on QDs (ZnS@CdSe)
for extremely sensitive nonisotopic determination. The theory
being proposed an impedimetric immunosensor including an
anti-CA-125 monoclonal antibody, CdSe QDs, and loaded gold
electrode. mercaptopropionic acid. The immunosensor was
intended to detect the CA-125 serum biomarker in individuals
suffering from ovarian cancer. In this setup, the desired
biomarker could be present as low as 0.0016 U/MI*.

QDs in Lung Cancer Management

It is believed that the likelihood of a patient surviving increases
with early detection. However, even though over 200 different
types of cancer are becoming a real threat globally, current
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Table 2: QDs in diagnosis and treatment therapy of lung cancer

Formulation Diagnostic and therapeutic agent

Key findings Reference

Ethylene-diamine-doped N-CQDs and FA-NCQDs

Carbon Quantum dots

Indium phosphide (InP)/ZnS
Quantum Dots

hydroxylated, amino, and carboxylic
QDs

QDs Based Nano-Biosensor ~ Reporter probe that is labeled with Cy5.

Hybridization of quantum
dots

AgInS2@ZnS nanocrystals induced by
ctDNA.

Graphene quantum dots
(GQDs)

Graphene quantum dots
biofunctionalized with gold nanoparticles
(AuNPs)

Peptide-coated CdSe/ZnS Peptide-coated CdSe/ ZnS QDs

QDs

Wrinkled metal-based
quantum sensor

Aluminium-based 3D QDs.

NIR-emitting Ag2S quantum
dots

PEGylated Ag2S QDs loaded with
S-fluorouracil (5SFU), cetuximab (Cet)
antibodies

Molybdenum oxide quantum MoOxQDs

dots (MoOx QDs)

Quantum Dots-f3-
cyclodextrin nanocarrier for
foliate-targeting

B-cyclodextrin (B-CD)

Trastuzumab Trastuzumab

BP/DTX@PLGA Poly(lactic-co-glycolic acid and

docetaxel (DTX),

Core and multiple-layered
shell ZnS/CdSe/CdS QDs

Folic acid (FA) was coupled with CdSe/
CdS/ZnS QDs in the core and multilayer
shell.

Poly lactic-co-glycolic acid and
Ginsenoside Rg3 (G-Rg3).

BPs/G-Rg3@PLGA

2DG-grafted GQDs 2-deoxy-d-glucose (2DG) on graphene

quantum dots (GQD).

Ethylene-diamine-doped CQDs showed high »

cytotoxicity compared to CQDs alone.

ICP-MS and cryosection fluorescence microscopy 40

determined the biodistribution of three QDs.

DNA-functionalized QDs are effective lung cancer 4

bioimaging fluorescent nanomaterials.

Results show quantum dot growth and strong 2

fluorescence signal changes.

demonstrated extremely sensitive lung small cell 4

detection.

Findings indicate QDs showed cytotoxicity against 44

tumor cells.

The chemical sensing limit of Rhodamine 6G and 45

Crystal Violet was increased to single molecule sensing.

Highly selective and effective SFU delivery of 46

theranostic nanoparticles to EGFR-overexpressing lung
cancer cells.

Showed robust and stable cathodic green emission. 4

Successful determination of CYFRA21-1 with
favourable analytical results was accomplished.

FA is an effective self-navigating molecule for cancer a8

cell drug administration using QDs.

The genes HER1 and HER2 are overexpressed in ¥

cancer cells that originate from the breast, non-small
cell lung, head and neck, and colon.

The distribution results in vivo suggest that BP/DTX@
PLGA exhibits remarkable tropism for targeting lung
metastatic cancers as well as original tumors.

50

The ability of FA conjugated QDs to effectively target !

tumor spheroids, hence validating the critical function
of the FRa receptor as a target.

Exhibits better controlled CPT therapy in conjunction 52

with near-light irradiation, boosting photothermal tumor
ablation.

When 2DG-grafted GQDs (2DG-g-GQD) were used in =~ >
conjunction with radiotherapy (RT).

cancer diagnosis and cure modalities frequently fall short of
providing significant progress. To achieve this, new, effective,
and unique methods are required. Oncologists and other
scientists working in the field of cancer are indispensable in
this regard, as innovations must be implemented to advance the
early screening and treatment of cancer. Tan revealed a crucial
difference between the intracellular transport of glycosylated
and nonglycosylated peptides in lung cancer cells and
normal cells. Researchers’ discovered that only glycosylated
peptides were allowed to localize in the Golgi apparatus,
while nonglycosylated peptides were restricted from entering
the Golgi. This allowed normal lung tissue to distinguish
between naked and glycosylated peptides. Researchers were
unable to locate a comparable lung carcinomic cell that has
allowed both glycosylated & naked peptides to pass through

the Golgi apparatus.’” Various research studies have explored
the application of QDs for lung cancer diagnosis and treatment
therapies.’® Table 2 enlisted some of the use of QDs in the
diagnosis and treatment therapy of lung cancer, respectively.

Future Prospectives

Although QDs are primarily known for their use as luminescent
labels, their analytical relevance is expanding into new areas.
These include the development of sensitive and selective
chemosensors as well as the use of their high reactivity for
the implementation of various online reactional schemes and
their ability to be immobilized and/or encapsulated in solid
supports. Combined with automated analytical techniques.
QDs can potentially accelerate redox reactions or produce
metastable or short-lived species for rapid measurement.
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However, in terms of more ecologically favorable chemistry,
automated techniques reduce waste production and reagent
use, which could be a useful advantage when using heavy
metal-containing semiconductor materials are worried, but
they might also stop operators from entering interaction with
hazardous substances. Furthermore, complicated reactional
schemes or multiparametric calculations can be implemented
very well with automated flow-based approaches; these ideas
are also closely related to quantum dots nanotechnology.
Quantum dots are also being used in the treatment of neoplasm
and will be considered as a potential way to cure neoplasm.>%5

CONCLUSION

Globally, lung cancer is the primary cause of mortality from
cancer. The lack of selectivity and access to typical cells
in conventional lung cancer treatment causes cytotoxicity,
rapid cellular uptake, and drug clearance. The introduction
of quantum dots as a revolutionary drug-delivery mechanism
has transformed the medical management of lung cancer.
QDs offer biomedical applications such as bioimaging,
medication administration, and pulmonary diagnostics.
Challenges, including pulmonary toxicity and immune system
reactions induced by QDs must be resolved for QDs to be
practically transferred into clinical applications. In this study,
we summarised the recent advancements in the literature
regarding the application of QDs for lung cancer treatment.
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