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Abstract

Background: Gliomas, derived from Glial cells, constitute
80% of malignant brain tumors. Quantum dots (QDs), with
distinct optical and electronic attributes, have emerged
as potential therapeutic agents for gliomas. This review
evaluates the current research landscape of QD applications
for glioma treatment.

Materials and Methods: A rigorous literature search
spanned key databases: PubMed, Scopus, and Web of
Science. Selection utilized the ASReview Algorithm, an
innovative machine learning framework, compliant with
PRISMA guidelines.

Results: From 170 initial studies, 16 were discerningly
chosen, highlighting the synthesis, properties,and therapeutic
roles of QDs. Emphasis was placed on QDs’ proficiency in
drug delivery, imaging enhancement, and photodynamic
therapy. Research underscored QDs’ potential in cancer cell
eradication via phototherapy and enhanced glioma imaging.

Conclusion: QDs offer a promising strategy for treating
refractory gliomas. However, concerns about their toxicity
and stability persist. Future studies must address these issues
to optimize QD utilization in glioma management. This
review furnishes critical insights, steering future research
directions in QD-focused oncology.

1. Introduction

Glioma, a category of brain and spinal cord tumors
arising from glial cells. These tumors can be broadly
classified into four grades, with Grades I and II being low-
grade gliomas and Grades III and IV classified as high-grade
gliomas, which include glioblastomas [55]. Conventional
treatment methods for gliomas comprise surgical resection,
followed by radiation therapy and chemotherapy [56].
Among the chemotherapy agents, Temozolomide has been
the most effective, particularly for high-grade gliomas [57].
Despite advances in surgical techniques, radiation therapy,
and chemotherapy, the median survival for patients with
high-grade gliomas remains dismally low. Due to the limited
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success of current treatment modalities and the low survival
rates, there is an imperative need for innovative therapeutic
strategies. One of the avenues gaining significant attention
is nanotechnology [58]. The potential of nanotechnology
in medicine was recently underscored by the awarding of
the Nobel Prize in 2023 for works in quantum dots. This
recognition highlights the increasingly important role that
quantum dots may play in future medical research and
applications [59].

Quantum dots (QDs), semiconductor nanocrystals with
unique optical and electronic properties exhibit unique
optical properties such as a broad absorption spectrum,
size-tunable emission bands, and symmetrical and narrow
photoluminescence (PL) emission. Furthermore, They are
photobleach-resistant and have a high quantum yield [60-
62]. This resistance is particularly important for fluorescence-
guided surgery and diagnostics, where traditional fluorescent
dyes like sodium fluorescein and 5-aminolevulinic acid suffer
from photobleaching [63]. QDs have recently emerged as a
promising tool in the field of oncology. Their size-tunable
light emission, high photostability, and ability to conjugate
with various biomolecules make them ideal candidates
for applications in targeted drug delivery, bioimaging, and
photodynamic therapy [1-7].

The potential of QDs in cancer diagnosis and therapy has
been demonstrated in various types of cancers, including
breast cancer, lung cancer, and colorectal cancer [4].
However, their application in glioma therapy is still in the
nascent stages and warrants a comprehensive review. This
paper aims to systematically review the current state of
research on the use of QDs as potential therapeutic agents
for gliomas. We will analyze the synthesis and properties of
QDs, their potential as therapeutic agents, their application
in glioma treatment, and the challenges associated with their
use.

2. Methods

In strict adherence to the Preferred Reporting Items for
Systematic Review and Meta-Analyses (PRISMA) guidelines
[64], an extensive literature search covered databases such as
PubMed, Scopus, and Web of Science zeroing in on articles
that elucidate the therapeutic prowess of quantum dots in
gliomas. For inclusion, articles must be seminal research
pieces, drafted in English, and revolve around the therapeutic
implications of quantum dots for glioma treatment.

From a pool of 170 articles, the deployment of the
ASReview software was a calculated decision to refine the
selection:

2.1 Utilization and Advantages of ASReview in
Literature Screening

Leveraging ASReview’s machine learning-based approach
significantly enhanced the efficiency and rigor of this
systematic review. Founded on active learning algorithms,
ASReview not only prioritizes articles based on their relevance
but also refines its selection process iteratively, minimizing
manual oversight [1]. This technology-driven methodology
shifts the paradigm in literature reviewing, enabling a more
focused and efficient process [2]. Through the targeted use of
ASReview, we were able to distill a pool of 170 articles down
to 16 seminal works that constitute the core of this review.

2.4. Quality Assessment and Publication Bias:

Due to the heterogeneity of the articles and the data,
statistical methods could not be applied effectively for quality
assessment. However, we made efforts to assess the quality of
the selected articles using the Newcastle-Ottawa Scale (NOS)
[16]. The assessment of potential bias in the selected articles
was conducted by AK. and AK. Their comprehensive
evaluation aimed to identify any potential sources of bias that
could affect the quality and reliability of the included studies
(Figure 1).

3. Results and Discussion

Our systematic review of the literature yielded sixteen
articles that met our inclusion criteria. These articles
provided valuable insights into the potential of quantum
dots (QDs) as therapeutic agents for gliomas. Below, we
categorize and discuss these findings based on three major
applications: drug delivery, bioimaging, and photodynamic
and photothermal therapies.

3.1. Drug Delivery

Three of the sixteen studies focused on the use of QDs for
targeted drug delivery in glioma cells. Wang et al. (2017) [9]
demonstrated the successful use of QDs conjugated with anti-
EGEFR antibodies for targeted delivery of chemotherapeutic
agents and The study by Dudu et al. (2012) [10] showed a
promising research path for the use of Sendai virus and
QDs in the terms of drug delivery. Based on the study
by Hettiarachchi SD et al. (2019) [11], triple conjugated
carbon dots were investigated as a potential nano-drug
delivery system for glioblastoma brain tumors. The research
demonstrated the efficacy of these carbon dots in targeting
and delivering therapeutic agents to glioblastoma cells,
highlighting their potential as an innovative approach for
brain tumor treatment. The studies are largely heterogeneous
in terms of their methodological approaches, warranting
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Figure 1: Flow chart of Identification and selection of articles based on pre-selected criteria.

Author (Year) Selection Comparability Outcome NOS Score Risk of bias
Wang et al. (2017) *kxk ** ** 8 Low
Dudu et al. (2012) ¥k * ** 6 Unclear
Hettiarachchi SD et al. (2019) HAAK rkx ** 9 Low

Table 1: Evaluation of bias risk of included studies using the Newcastle-Ottawa Scale (NOS) on the topic of Drug Delivery

caution in aggregating their results. Future studies should
consider more standardized protocols to confirm these
preliminary findings (Table 1).

3.2. Bioimaging

Three studies explored the use of QDs in the bioimaging
of glioma cells. In a study by Carvalho et al. (2019), a novel
nanohybrid material was developed by integrating L-cysteine
and poly-L-arginine grafted carboxymethyl cellulose with
Ag-In-S quantum dots.

This innovative approach showcased enhanced in vitro
bioimaging capabilities for brain cancer cells, emphasizing
its potential for early detection and treatment planning.

Another research by Ag Seleci et.al (2021) highlighted

the creation of Transferrin-Decorated Niosomes, integrated
with InP/ZnS Quantum Dots and Magnetic Iron Oxide
Nanoparticles. Designed specifically for dual targeting
and imaging of glioma, these niosomes underscore the
advancements in glioma cell targeting and imaging, paving
the way for improved treatment strategies. Furthermore, a
pivotal study by Cohen et al. (2018) explored the multifaceted
potential of chlorotoxin as an imaging platform specifically
targeting glioma tumors. Their research underscored
the significance of quantum dots and their conjugation
to chlorotoxin (CTX); Chlorotoxin is a peptide derived
from scorpion venom, specifically from the venom of the
deathstalker (Leiurus quinquestriatus); In the context of
gliomas, Deshane et al. (2003) investigated its role and found
that chlorotoxin possesses the ability to inhibit the invasion
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of glioma cells. This inhibitory action is attributed to its
effect on matrix metalloproteinase-2 (MMP-2), an enzyme
involved in tissue remodeling and tumor invasion [20]. By

targeting MMP-2, chlorotoxin offers potential therapeutic
benefits in restricting the invasive behavior of glioma cells.
For enhanced imaging of gliomas, this conjugation not only
improved the specificity of targeting glioma cells but also
showcased potential therapeutic implications. In a study by
Chen et al. (2015), the synthesis of Ag-In-S/ZnS quantum
dots through thermal decomposition was explored. These
non-cadmium-based quantum dots were further integrated
with chlorotoxin-modified micelles, aiming to target brain
tumor cells. The research highlighted the potential of these
quantum dots in offering a reduced toxicity profile compared
to their cadmium-based counterparts. The findings
underscored the promising biocompatibility and efficacy of
these quantum dots in targeting glioma cells, suggesting their
prospective therapeutic application in glioma treatments
(Table 2).

3.3. Photodynamic and Photothermal Therapy

Ten studies investigated the use of QDs in photodynamic
therapy for gliomas. A study by Hao et al. (2023) reported
that QDs could generate reactive oxygen species upon light
irradiation leading to the death of glioma cells. Photodynamic
therapy (PDT) involves the use of photosensitizers that,
upon activation by specific wavelengths of light [19],
produce reactive oxygen species (ROS) capable of inducing

Author (Year) Selection Comparability
Chen et al. (2015) *xk o
Ag Seleci et.al (2021) *kok ok o
Cohen et al. (2018) LEL L Sk

cell death. Recent findings suggest that QDs can act as
effective photosensitizers [41], enhancing the therapeutic
outcomes of PDT in glioma cells. Notably, the specificity of
QDs bioconjugates allows for targeted therapy, minimizing
damage to surrounding healthy tissues [14]. On the other
hand, photothermal therapy (PTT) utilizes agents that can
absorb light and convert it into heat, leading to localized
hyperthermia and subsequent tumor cell destruction [45].
Quantum dots, due to their tunable absorption spectra,
have been identified as promising agents for PTT [50-51].
Studies have demonstrated that QDs can effectively generate
heat upon light irradiation, causing significant cytotoxicity
in glioblastoma cells. Furthermore, a synergistic approach
combining both PDT and PTT has been explored [46-
54]. In conclusion, quantum dots, with their multifaceted
therapeutic potential, present a novel and promising tool
in the fight against glioma and glioblastoma. However,
further studies are essential to fully understand their
mechanisms and optimize their therapeutic potential. The
study by Celikbas et al. (2023) focuses on the development
and evaluation of brominated hemicyanine-loaded folate
receptor-targeting AgS quantum dots for image-guided
enhanced photodynamic therapy (PDT) and photothermal
therapy (PTT) combination therapy. The researchers aimed
to improve the efficiency of cancer treatment by combining
these two therapeutic modalities. The quantum dots were
designed to target the folate receptor, which is overexpressed
in many cancer cells [24] (Table 3).

Table 2: Evaluation of bias risk of included studies using the (NOS) on the topic of Bioimaging.

Author (Year) Selection Comparability
Hao et al. (2023) Kok kK o
Celikbas et al. (2023) ok ok ok o
Lima et al. (2023) ook .
Zwicke et al. (2012) *okok o
Mansur et al. (2019) *okok ok o
Zhang et al. (2016) *xkk o
Hamblin et al. (2015) *ok x %
Dolatyari et al. (2020) ok sk
Ahirwar et al. (2019) okok *k
Li et al. (2020) ok ok o

Outcome NOS Score Risk of bias
*x 7 Low
*x 8 Low
*x 9 Low
Outcome NOS Score Risk of bias
** 8 Low
*x 8 Low
*x 9 Low
*x 7 Low
oAk 9 Unclear
Ak 9 Low
rEE 7 Low
ok 8 Low
* 6 Medium
kK 9 Low

Table 3: Evaluation of bias risk of included studies using the (NOS) on the topic of Photodynamic and Photothermal Therapy.
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3.4. Challenges and Future Directions

Quantum dots (QDs), despite their promising therapeutic
potential, have raised concerns regarding their toxicity.
QDs are typically structured with a core and an outer shell,
each composed of distinct chemical elements. Historically,
Cadmium (Cd), a heavy metal, has been the primary material
for the core, often combined with chalcogenides such as
Sulfur (S), Tellurium (Te), and Selenium (Se) to produce QDs
with colloidal stability. This stability is crucial for enhancing
their properties. The Cd** heavy metal atom has a notable
permeability to oxygen, which can initiate oxidation and
protonation processes. This can lead to changes in the ligand
attached to the surface of the QD made from Cadmium.
Essentially, when exposed to oxidative environments for
extended periods, the QD surface can deteriorate, leading to
the release of harmful Cd*" ions from its core. Cd*" is highly
toxic and causes oxidative stress which leads to cell death
[25-31]. The synthesis methods, biological applications, and
potential toxic effects of QDs have been extensively reviewed,
highlighting the need for a comprehensive understanding of
their interaction with biological systems. Recent advances in
the field have provided a more in-depth look into the toxicity of
QDs, emphasizing the importance of their safe use in medical
applications, However, new studies have addressed these issues
by developing non-Cadmium-based QDs such as Ag-In-S/ZnS
[32]. Froma clinical perspective, understanding the applications
and potential toxic effects of QDs is of paramount importance,
and efforts are being made to mitigate these concerns.

The future of QDs in the treatment of gliomas and other
medical conditions looks promising. As research progresses,
there is hope that the challenges posed by the toxicity of QDs
can be overcome. Innovations in synthesis methods, surface
modifications, and drug delivery mechanisms are expected
to pave the way for safer and more effective therapeutic
applications of QDs. Collaborative efforts between
researchers, clinicians, and industry experts will be crucial in
realizing the full potential of QDs in medicine as therapeutic
agents for gliomas. However, further research is needed to
address the challenges associated with their use and to fully
harness their potential in glioma therapy.

4, Limitations

While our systematic review aimed to provide a
comprehensive overview of the potential of quantum
dots as therapeutic agents for gliomas, several limitations
were encountered during the course of this study, One
of the primary challenges faced was the evident lack of
standardization and methodology across the studies on
quantum dots. This inconsistency made it challenging to

compare results and draw definitive conclusions. Despite
promising in vitro results, there is a conspicuous absence of
randomized clinical trials on the subject. This gap underscores
the need for more rigorous clinical evaluations to ascertain
the therapeutic potential of quantum dots in treating gliomas.
A significant portion of the data from the studies was either
not presented in an extractable format or was incomplete.
This limitation posed challenges in collating and analyzing
data for this review. Many of the articles reviewed were
highly technical, focusing predominantly on the chemical or
physical properties of quantum dots. While this information
is crucial, it often overshadowed the primary objective of our
review, which was to understand their therapeutic potential.

Despite the growing interest in quantum dots, there is
a noticeable dearth of research exploring their applications
in humans, In light of these limitations, caution should be
exercised when interpreting the findings of this review. It is
imperative for future research to address these gaps, ensuring
a more holistic understanding of the potential of quantum
dots in glioma therapy.

Especially in the context of gliomas, this gap highlights
the nascent stage of this research area and the need for more
targeted studies.

5. Conclusion

This systematic review provides a comprehensive analysis of
the current state of research on the use of quantum dots (QDs)
as potential therapeutic agents for gliomas. The unique optical
and electronic properties of QDs, coupled with their ability to
conjugate various biomolecules, make them promising tools
in the field of oncology. The studies analyzed in this review
highlight their potential in targeted drug delivery, bioimaging,
and photodynamic therapy, suggesting their significant
potential in revolutionizing of glioma therapy. However,
the application of QDs in glioma is not without challenges.
Concerns related to the toxicity and long-term stability of
QDs need to be addressed to ensure their safe and effective
use. Future research should focus on developing strategies to
mitigate these challenges and harness the full potential of QDs
in glioma therapy.

In conclusion, QDs hold significant promise as
therapeutic agents for gliomas. As we delve into the era of
nanomedicine, it is crucial to explore and understand the
potential of tools like QDs in revolutionizing cancer therapy.
This review provides valuable insights for researchers and
clinicians working in the field of glioma therapy and can
guide future research directions in the application of QDs in
cancer treatment.
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