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Skin cancer is one of the most common malignancies in white populations. The therapy strategy is important in skin
cancer treatment, depending on several criteria such as stage, size, and localization. Removal of cancerous tissue following
anticancer therapeutic administration is considered as gold standard in skin cancer treatment. However, annually rising
drug resistance, local inflammation, and ineffective treatment result in a reduction in the effectiveness of the patient’s treat-
ment. Nanotechnology has emerged as a prospective in the field of skin cancer medicine, offering innovative, promising
solutions for therapeutic procedures and targeted drug delivery. Different nanomaterials are investigated for their poten-
tial in skin cancer treatment. Nanohydrogels as a hybrid material, have gained considerable attention due to their unique
biomedical and pharmaceutical properties, such as biocompatibility, high water content, and tunable physicochemical
characteristics. The principal problem with common skin melanoma chemotherapy is the strong side effects because thera-
peutics used for treatment do not distinguish cancer cells from healthy cells. Nanohydrogels, as a new-generation, versatile
system with the possession of dual characteristics of hydrogels and nanoparticles have shown great potential in targeted
delivery in cancer therapy thanks to the possibility of their various modifications, and by that overcome problems with side
effects of treatment. This scientific review provides an analysis of the current state of research on nanohydrogels in skin
cancer medicine, highlighting their design principles, synthesis methods, and applications in drug delivery, imaging, and
combination therapies.
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Cancer continues to pose a significant global health
challenge, requiring the advancement in therapeutic
approaches. Specifically, skin cancer stands out as a
frequently diagnosed cancer type in both developed and
developing nations. Skin melanoma is the 17" most common
cancer worldwide. It is estimated, that 97,610 new melanoma
cases were diagnosed in 2023 [1]. Skin cancer is catego-
rized into three main types: melanoma, basal cell carcinoma
(BCC), and squamous cell carcinoma (SCC). BCC and SCC
are commonly grouped under the term non-melanoma skin
cancer (NMSC). NMSCs, predominantly BCC and SCC, are
typically less aggressive and can often be effectively treated
with surgery, thus they are not usually included in most
cancer registries globally. On the other hand, melanoma
represents the most lethal form of skin cancer, requiring
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prompt and comprehensive medical attention [2, 3]. Various
risk factors contribute to its rising incidence and prevalence,
such as high UV light exposure in occupational and recre-
ational activities, aging populations, exposure to specific
chemicals and smoking [4].

Cutaneous malignant melanoma is experiencing a rapid
rise, particularly in white populations. The incidence of this
cancer is closely linked to the skin color and varies depending
on geographical location. Australia has reported the highest
rates, with nearly 20,000 new cases in 2022 [5]. Melanoma
mortality rates have stabilized in the USA and European
countries. Epidemiological studies present the notion that
a significant part of melanoma cases is attributed to exces-
sive sunlight exposure. In contrast with non-melanoma skin
cancer, melanoma risk appears to be linked to discontinuous
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rather than cumulative sunlight exposure. While standard
cancer treatment methods include surgery, chemotherapy,
and radiotherapy, challenges like drug resistance in chemo-
therapy, systemic side effects, and elevated toxicity, repre-
sent huge obstacles to effective cancer management. Conse-
quently, early detection and prevention are necessary for
successful treatment [6].

Nanotechnology has demonstrated exceptional poten-
tial to enhance the efficacy and safety of cancer treatment.
Diverse applications of hybrid nanohydrogel find their use
in drug delivery, tissue engineering, implantable devices,
and biosensors [7]. Particularly in cancer therapy, where
nowadays conventional chemotherapy lacks specificity and
often leads to negative adverse effects due to the inability to
distinguish between normal and cancerous tissues, nanohy-
drogels play an important role [8]. Nanohydrogels are three-
dimensional colloidal systems composed of hydrophilic
polymer networks in combination with nanoparticles (NPs)
with the ability to encapsulate a variety of drugs, capable of
absorbing high amounts of water while retaining structural
integrity. They are also able to respond to various stimuli,
such as ionic strength, temperature, magnetic field, electric
field, biological molecules, etc. which is important in drug
release. Nanohydrogels represent a versatile platform for the
delivery of therapeutic agents to targeted cancer cells [9].
Nanohydrogels, due to their structural similarity to the extra-
cellular matrix, offer also advantages in encapsulating cells
for various therapeutic purposes [10]. These gels have been
extensively studied for delivering drugs such as doxorubicin
(DOX), cisplatin, and paclitaxel to cancerous tissues, partic-
ularly as stimuli-responsive hydrogels [11-14]. Despite the
expansion of studies on nanohydrogel drug delivery systems,
comprehensive articles summarizing these findings are rare.

A large number of nanomaterials are tested for their
unique properties depending on the type of disease. Specifi-
cally for skin cancer treatment, magnetic hydrogels have
attracted attention related to their biomedical and pharma-
ceutical applications [15, 16]. The use of magnetic NPs (e.g.,
iron oxide NPs) dispersed in a hydrogel structure, forms
adaptive conditions under a magnetic field. This type of
nanohydrogels can combine magnetic susceptibility, high
elasticity, softness, and are useful platforms for diagnostics,
drug delivery, and treatment using hyperthermia. These
properties identify them as a suitable candidate for skin
cancer treatment [17].

This review explores the employing of magnetic nanohy-
drogels in skin cancer medicine and outlines the key
challenges addressed by this technology.

Design and synthesis of nanohydrogels

The success of nanohydrogels in cancer medicine relies
on the precise control of their size, shape, surface charge,
and drug-loading capacity. This section discusses various
synthetic approaches, including chemical and physical

methods, for tailoring nanohydrogel properties. Addition-
ally, it explores the incorporation of targeting ligands,
stimuli-responsive elements, and imaging agents to enhance
the specificity and functionality of nanohydrogels.

Hydrogel synthesis. Broadly, hydrogels can be catego-
rized into three main types based on their source and origin:
natural and synthetic polymeric network-based hydrogels or
a combination of both. The synthesis of hydrogels, whether
natural or synthetic, is achievable through diverse methods
including chemical cross-linking, ionic cross-linking, self-
assembly, electrostatic interactions, reverse mini emulsions,
hydrophobic interactions, and micelle cross-linking. It is
noteworthy that synthetic polymer-based hydrogels may
employ comparable mechanisms to produce distinct and
more effective nanohydrogels compared to natural polymer-
based hydrogels [18].

Those derived from natural polymers fall into the category
of natural polymer hydrogels, including materials such as
proteins and peptides (e.g., collagen, elastin), polysaccha-
rides (e.g., chitin, cellulose, glycosaminoglycans), nucleic
acids (DNA, RNA). These natural polymers, obtainable from
diverse sources, are further categorized as neutral, cationic,
or anionic. Notably, they are easily accessible, abundant,
cost-effective, non-toxic, and biodegradable, with various
attractive biological properties. The intricate relationship
between structure and function, particularly in biologically
active compounds, has instigated considerable interest. The
advancements in structural and functional substances over
recent decades have led to a growing array of materials for
biomedical technology. Natural polymer hydrogels, charac-
terized by well-defined, larger structures formed through
covalently bonded monomeric units, find applications in
various biomedical fields such as controlled and targeted
drug release, tissue engineering, and wound healing [19-21].

Synthetic polymers are attractive for synthesis as they
have highly controllable physical and chemical properties
compared to natural polymers. Synthetic polymers can be
produced with long-chain structures and high molecular
weight. On the other hand, synthetic hydrogels have lower
biological activity than natural hydrogels. Synthesis of these
synthetic polymer hydrogels is mediated via numerous ways,
employing chemical crosslinking of polymers or polymer-
izable vinyl monomers. For example, synthetic polymers
used in the synthesis of hydrogels are poly (ethylene glycol)
(PEG), poly (acrylamide) (PAAm), poly (ethylene oxide)
(PEO), poly (acrylic acid) (PAA), poly (lactic-co-glycolic
acid) (PLGA), etc [22].

Different categorization hydrogels depend on the cross-
linking of the hydrogel, they can be divided also into physical
and chemical hydrogels [23]. Physical hydrogels are usually
cross-linked by hydrogen bonds, from amphiphilic graft and
block polymers, polymers of PLGA and PEG, polymers of
PEO and PEG, hydrophobized polysaccharides, cross-linked
by crystallization, protein interaction, antigen-antibody inter-
actions. On the other hand, chemically cross-linked hydrogels
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by complementary groups of chemical reaction, photo cross-
linking, and enzymes that gives hydrogel higher strength
[20, 21]. Very interesting is a group of hybrid hydrogels that
combine hydrogel with different compounds (NPs, drugs,
imaging agents, etc.). In the field of medicine, employing a
combination of hydrogel with NPs as multifunctional hybrid
nanohydrogels attracts more and more attention [24].

Nanohydrogels. Utilizing nanotechnology for drug
delivery represents various of benefits, encompassing high
loading capacity, the potential for combination therapy,
controlled release mechanisms, extended circulation times,
and targeted delivery capabilities. Consequently, a diverse
array of NP-based drug delivery systems has emerged, aiming
to optimize the therapeutic potential of drugs by modulating
their pharmacokinetic and biodistribution profiles. The
ongoing advancements in biotechnology and biomedicine
are propelling the continuous evolution of innovative thera-
peutic NPs, poised to further elevate therapeutic efficacy in
medical treatments. Within nanotechnology development,
therapeutic NPs have been combined with other biomaterials
such as hydrogels, to form hybrid systems for advantageous
applications.

NPs can be integrated into a gel matrix in the process
by allowing the gel network to swell and then absorb NPs,
particularly useful when NPs disrupt the gelation process
[25]. Additionally, inorganic NPs are frequently synthesized
within the gel matrix through a process involving the loading
of NP precursors into the gel, followed by reactions to induce
NP formation [26]. Hydrogels, with certain compositions,
maintain the structural integrity and functionalities of the
encapsulated NPs and by that enhance overall therapeutic
efficacy. Apart from NP entrapment within hydrogels, an
alternative approach uses NPs directly as cross-linkers to
construct a three-dimensional hydrogel network, resulting
in NP colloidal hydrogels [27-29]. In this method, NPs can
be linked together via strong hydrophobic interactions or by
combining NPs with opposite surface charges. Alternatively,
NPs can be covalently linked, serving as nodes to form the
hydrogel network.

Iron oxide NPs (IONPs) are magnetic inorganic NPs,
classified as core-and-shell type [30, 31]. Due to the hydro-
phobic nature of the iron core, IONPs are typically synthe-
sized with various hydrophilic coatings (e.g., chitosan, PEG,
dextran, heparin, pluronic, polyethylene imine, etc.) to
ensure suspension stability [32-36]. The choice of coating
material influences IONPS’ properties, mostly cytotoxicity
and pharmacokinetics.

IONPs offer advantageous properties for medical applica-
tions, particularly in cancer diagnostics and therapy. They
exhibit low toxicity and biocompatibility, leading to clinical
applications as an MRI agent (feridex®) and a therapeutic for
iron-deficient anemia treatment [37]. IONP-enhanced MRI
aids in distinguishing between malignant and benign liver
lesions, despite the increasing preference for gadolinium due
to higher MRI resolution and shorter retention time [38].

Moreover, IONPs possess superparamagnetic proper-
ties, allowing them to be magnetized and guided to specific
organs or locations, such as tumors, with the application
of an external magnet [39]. IONPs can also be used as
drug carriers, loaded with chemotherapeutics to enhance
targeted drug delivery. Importantly, IONPs can generate heat
through alternating magnetic fields (AMF) or near-infrared
(NIR) laser applications [40]. Magnetic hyperthermia has
been extensively studied and translated into clinical trials
for cancer treatment, leveraging deep tissue penetration
and selective tumor cell killing [41]. However, the practical
application of this modality is hindered by the low thermal
conversion efficiency of IONPs, necessitating high doses [40].
In comparison, photothermal therapy (PTT) relies on laser
irradiation of the PTT agent for selective tumoricidal effects,
depending on laser and agent accessibility to the tumor site.
Due to its high photothermal activity, IONP is a widely
studied candidate for PTT in tumor treatment [42-44].

The incorporation of IONPs into hydrogel structure to
prepare multifunctional nanohydrogel represents an innova-
tive approach to treating skin cancer.

Drug delivery

Nanohydrogels offer a versatile platform for incorporating
different types of drugs, controlling drug release, minimizing
systemic toxicity, and improving therapeutic outcomes.
There are many mechanisms of drug loading and release
kinetics. These mechanisms impact nanohydrogel charac-
teristics and drug delivery efficiency. Furthermore, recent
advancements in nanotechnology can mediate overcoming
biological barriers and achieving targeted drug delivery to
cancer tissue [45].

The effective preparation and modification of nanohydro-
gels for controlled drug delivery and release requires a precise
procedure to achieve a biologically active compound. A drug
release regulation strategy of molecules initially trapped
within a hydrogel involves controlling the degradation of the
network. As the hydrogel network degrades, the mesh size
expands, enabling the diffusion of drugs out of the hydrogel.
Degradation can take place within the polymer backbone or
at the cross-links and is commonly mediated by processes
such as hydrolysis or enzymatic activity. Degradation can be
induced through externally provided stimuli. For instance,
acidic environments often expedite hydrolysis. High-energy
ultraviolet light can also prompt the degradation of microgels
containing o-nitrobenzyl ether moieties (NBE) by causing
cleavage of the NBE bonds. External stimuli-response also
includes temperature, magnetic field, ultrasound, or light
[46, 47].

Internal stimuli responses involving mechanisms like
pH, redox, glucose, and lysosomal enzyme functionalization
mimic the activity of biomolecular components, in the extra-
cellular matrix and biomolecules within cells. This approach
is used for the release of entrapped drugs and involves the
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controlled swelling of hydrogels. Hydrogel swells along with
the mesh size expands. The degree of swelling in a hydrogel is
determined by a balance between forces that restrict network
deformation and osmotic pressure that drives water absorp-
tion [48]. These stimuli have been widely utilized in drug
delivery applications. Achieving optimal therapeutic efficacy
in drug, nucleic acid or polypeptide delivery requires spatial
control and the right timing of release.

Transdermal delivery of skin melanoma drugs offers
the advantage of achieving therapeutic drug concentra-
tions locally while maintaining low systemic levels, thus
minimizing off-target toxicity, but delivering therapeutic
molecules through the skin represents many challenges,
primarily in impermeability of the topmost skin layer stratum
corneum to compounds larger than 500 Da [49].

Various techniques have been developed to increase
drug penetration through the skin, including sonophoresis,
electroporation, microneedles, magnetophoresis, iontopho-
resis, and electron beam irradiation [49-51]. However, these
techniques often result in undesirable side effects such as pain,
skin irritation, and potential skin infection. Several chemo-
therapeutic drugs, including 5-fluorouracil (5-FU), platinum
compounds, dacarbazine, temozolomide, and paclitaxel, are
currently used for skin melanoma treatment. Unfortunately,
the overall response rate remains below 20%. Each of these
agents comes with undesirable systemic side effects.

NPs can enhance the penetration of large molecules
through the stratum corneum (SC), without compromising
the skin barrier against pathogenic microbes, and also
improve bioavailability [52]. They function as drug carriers,
enhancing the hydrophobicity, and stability characteristics
compared to the drug alone, or as co-administered adjuvants.
However, the size of NPs can be an obstacle for transdermal
applications. In general, larger NPs (20-30 nm) can only
penetrate through hair follicles, limiting their usefulness. In
contrast, NPs smaller than 10 nm can permeate both the SC
and hair follicles. Nevertheless, in vivo aggregation of small
NPs may restrict tissue penetration and increase toxicity
[53-55]. The surface charge (cationic or anionic) of NPs
also plays an important role in determining their ability to
penetrate the skin. The cationic surface charge of embedded
NPs into hydrogel favors access to deeper skin. A positive
surface-charged composite facilitates the adhesion to the
negatively charged cell membranes. Keratinocytes took up
the positively charged nanocapsules rapidly [56]. Carbon
nanotubes loaded with DOX demonstrated the induction
toxicity against melanoma cell death in vitro and the inhibi-
tion of tumor growth in xenograft mouse models [57].

Superparamagnetic iron oxide NPs (SPIONs) are
promising in drug delivery for skin melanoma treatment,
due to their magnetic properties, biocompatibility, low
toxicity, easy separation methodology, and flexibility of
surface modification [58, 59]. SPIONs have been shown to
be non-toxic in vitro and in vivo and can be prepared with
different coating compositions and functional groups at the

end of stabilizers which helps to deliver them to the desired
area [60, 61]. Co-administration of these NPs with cytotoxic
drugs has been demonstrated to enhance drug penetration
in an in vitro spheroid model [62]. Topical co-administration
of these SPIONs was found to improve transdermal delivery
and enhance the anti-tumor responses of mouse melanomas
to chemotherapeutic drugs.

Nazir et al. demonstrated the optimized swelling,
biodegradation, and wetting properties of encapsulated
Capecitabine in Pluronic F-127 hydrogel as a copolymer
solvent system for sustained release of therapeutic agents for
melanoma skin cancer treatment and also against bacterial
infection. These nanocomposite hydrogels have proven to
be pH-sensitive under certain conditions for controlled and
sustained release of 5-FU. Moreover, this type of nanocom-
posite presents significantly high antibacterial and anticancer
activities against S. aureus and P. aeruginosa, and U-87 cell
lines compared to the individual components [63].

Gazzi et al. prepared the nanoencapsulated imiquimod
(superficial basal cell carcinoma drug) to provide a higher
cytotoxic effect against SK-MEL-28 compared to the free
drug. The incorporation of the drug-loaded nanocap-
sules in the pectin-based hydrogel enabled control of drug
release. The control of drug release is important to decrease
the adverse effects caused by imiquimod. Adhesiveness and
deeper penetration of the drug into the skin were achieved by
using pectin-based hydrogel (PEC-NCimiq). PEC-NCimiq
composite was able to penetrate all skin layers, mainly the
dermis, and also to permeate the tissue, important features
viewing the melanoma treatment [64].

Gonsalves et al. developed the nanocomposite hydrogel
system as a pH-responsive drug-releasing nanocomposite by
preparing PEG 200, maleic acid, and citric acid polymer with
PLGA and carboxymethyl cellulose (CMC) NPs incorpo-
rated. It is a biocompatible platform that can effectively cause
cancer cell death while minimizing infections at the site due
to its demonstrated antibacterial properties [65].

Amatya et al. prepared dextran-coated magnetic NPs
(DEX-IONP) inside of Carbopol 940 gel that retained a
high viscosity that is favorable to maintain at the applied
site. The DEX-IONP gel could induce effective heating by
laser irradiation. The in vitro and in vivo studies evidenced
the applicability of DEX-IONP in topical PTT. The prelimi-
nary eflicacy study results in the mice model demonstrated
that tumor volumes could be significantly reduced by the
topical PTT with DEX-IONP gel. By a single PTT treatment
with DEX-IONP gel and applying 0.5 W laser power, tumor
growth could be significantly inhibited by 85% [66].

Imaging and diagnostic applications

Early diagnosis of skin cancer is crucial for effective
treatment and optimizing clinical outcomes for patients.
Currently used optical imaging techniques, including
positron emission tomography (PET), reflectance confocal
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microscopy (RCM), magnetic resonance imaging (MRI),
near-infrared (NIR) bioimaging, optical coherence tomog-
raphy (OCT), offer non-invasive imaging that can aid in the
early identification of cutaneous tumors and assist in surgical
planning. These techniques are well-suited for observing
dynamic processes such as immune cell activation, blood
flow, and tumor energy metabolism, providing valuable
insights relevant to the progression of the disease [67-70].

However, potential drawbacks such as overdiagnosis and
overtreatment, false diagnoses, and risks associated with
radiation exposure caused by the diagnostic approaches
are still present. Overdiagnosis may occur when imaging
identifies an asymptomatic condition that would not have
manifested clinically during an individual’s lifetime [71,
72]. This highlights the challenge for imaging techniques
in distinguishing between lesions with a carefree course
and those with an aggressive direction [73]. False positives
refer to suspicious findings suggesting cancer presence
that are not confirmed as tumors through histopathology,
imaging, and clinical follow-up tests [74, 75]. False negatives
indicate results incorrectly suggesting the absence of a
particular disease when the person has the condition. Both
false diagnoses can lead to significant harm, psychological
distress, unnecessary invasive procedures, and treatments, as
well as a financial impact on both the individual and society.

In addition to drug delivery, nanohydrogels have shown
promise as imaging and diagnostic agents for cancer and
monitoring treatment response. Magnetic NPs (MNPs) have
been effectively employed in magnetic resonance imaging
(MRI). In the MELAMAG clinical trial, sentinel lymph node
biopsy (SLNB) detection utilizing MNPs was compared
to the standard diagnostic technique. In this investigation,
MNPs containing small iron NPs were injected intradermally.
During surgery, a hand-held magnetometer was utilized
to identify the accumulation of MNPs. The results demon-
strated the feasibility of the magnetic technique for SLNB
detection. The highest identification rates were observed for
inguinal and axillary lymph nodes, while the lowest detec-
tion rates were noted in the cervical region. Among the 129
recruited patients, the study reported a sentinel node identi-
fication rate of 95.3% using this MNPs-based technique [76].

Another NPs explored for contrast-enhanced MRI
lymphography are gadolinium-loaded NPs. The utilization
of these NPs has been shown to enhance the specificity and
sensitivity of MRI lymphography in melanoma mice [77].
Zhou et al. introduced an efficient and noninvasive strategy
for detecting melanoma metastasis in lymph nodes using
Gd-embedded iron oxide NPs (GdIOP) functionalized
with Zwitterionic Dopamine Sulfonate molecules. Through
T1-T2 dual-modal MRI, GAIOP@ZDS NPs exhibited high
uptake by dendritic cells and macrophages in lymph nodes,
contrasting with lower uptake by melanoma B16 tumor cells.
This discrepancy generated pseudo-contrast images, poten-
tially useful for the detection of melanoma metastasis in
lymph nodes [78].

Combination therapies and synergistic approaches

The increasing prevalence of skin malignancies underlines
the necessity for different available treatment approaches.
The selection of an appropriate treatment strategy depends
on disease conditions such as tumor location and size, stage
of melanoma, and margins [79]. Despite novel advanced
approaches, surgical methods continue to be fundamental
for skin cancer treatment [80-82]. There are three primary
goals of the treatment strategy: removal of cancer, restoration
of normal skin function, and maintenance of appearance.

Excision biopsy stands as the gold standard for treating
skin malignancies. Alternative treatments for non-melanoma
skin cancers (NMSC) include curettage and diathermy, liquid
nitrogen therapy, imiquimod, or 5-FU, radiotherapy, and
excision followed by margin repair [83]. Electrodesiccation
and curettage are often beneficial for treating superficial basal
cell carcinomas (BCCs) and in situ squamous cell carcinoma
(SCCQ) of the epidermis. Liquid nitrogen is also very effective
for superficial lesions located on the body. Topical chemo-
therapeutics such as 5-FU are suitable for managing SCC,
while imiquimod is preferred for treating superficial BCCs
when surgery or other treatments are not feasible. Unfor-
tunately, these topical agents in many cases induce a local
inflammatory response when dosage adjustment is neces-
sary. On the other hand, radiotherapy is typically reserved
for elderly patients, it boasts an exceptional cure rate and
provides a particularly valuable approach for margin control
or treating large or difficult-to-reach lesions. When feasible,
lesions should ideally be excised or treated with Mohs micro-
graphic surgery, where subsequent layers of skin are removed
in several rounds. This technique is used for challenging
tumors that are poorly defined, anatomically complex, and
recurrent. Photodynamic therapy (PDT) is employed for
superficial BCCs, involving the application of a photosen-
sitizing cream (e.g., methyl aminolevulinate) followed by
exposure to intense light, optically activating a photosensi-
tive agent and converting local oxygen into harmful radicals
[79, 81, 84, 85].

Recent advancements in drug development have signifi-
cantly enhanced the outlook for patients diagnosed with
metastatic melanoma. With the increasing utilization of
targeted therapies and immunotherapies, the reliance on
chemotherapy has notably decreased. Metastatic melanoma
treatment has improved in recent years with the introduc-
tion of treatments such as BRAFE, CTLA4, and PD1 inhibi-
tors. While surgery remains the standard treatment for
non-melanoma skin cancers (NMSC), newer nonsur-
gical agents targeting cellular receptors or immunological
responses, such as imiquimod, interferon (IFN), and 5-FU,
have significantly reduced morbidity and mortality while
enhancing patients’ quality of life. Moreover, PDT has
proven effective either alone or in combination with topical
immunomodulators for treating NMSC and premalignant
lesions [86-88].
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In patients with stage II and IIT melanoma, IFN-a treat-
ment can serve as an adjuvant therapy, despite its signifi-
cant associated toxicity. Systemic treatment becomes neces-
sary when surgical options are not feasible. For certain
metastatic patients, systemic chemotherapy (such as dacar-
bazine, temozolomide, or carboplatin/paclitaxel) remains
crucial. Additionally, BRAF inhibitors like vemurafenib are
beneficial for BRAF-mutated patients, while ipilimumab
antibody offers promising therapeutic beyond traditional
chemotherapy. However, determining the appropriate
therapeutic approach for stage IV patients is contentious
and should primarily involve an interdisciplinary oncology
team.

Nanohydrogels enable the simultaneous diagnostics
and delivery of multiple therapeutic agents, facilitating
combination therapies to enhance anticancer eflicacy. The
conventional administration of chemotherapeutic drugs
lacks specificity in targeting, resulting in inefficient tumor
uptake and unnecessary drug distribution through the body,
leading to side effects. Therapeutic agents with charac-
teristics such as limited permeability, poor half-life, low
solubility, and instability under physiological conditions
often fail to achieve the desired outcomes [89, 90]. In NMSC
compared to other organs such as bones, lungs, and liver,
direct delivery of therapeutic agents to the skin tumor site
has the potential to minimize systemic toxicity and reduce
overall treatment costs [91]. Ineffective permeation of
therapeutic agents into the cutaneous region of skin tumors
caused by the skin’s outermost barrier can be overcome by
nanotechnology, which emerges as a promising strategy to
address these challenges and combat skin cancer effectively,
including passive tumor targeting via the enhanced perme-
ability and retention (EPR) effect [92, 93], evasion of the
reticuloendothelial system (RES) [94], and enhanced skin
permeability.

The findings of Raviraj et al. research validate that the
simultaneous administration of SPIONs not only amplifies
the permeation and effectiveness of DOX and 5-FU through
the subcutaneous and epidermal layers but also extends
into the dermal layer of a living animal’s skin. Notably, this
enhancement occurs without the necessity of DOX being
covalently bound to the NPs. While the full spectrum of
molecules experiencing improved transdermal penetration
with these SPIONS, absent covalent attachment, is yet to be
determined, it is plausible that it could encompass other
drugs with anticancer and immunomodulatory proper-
ties. This study demonstrated that the topical application
of SPIONs on skin melanoma boosts the cytotoxic effects
of 5-FU, leading to elevated necrosis and a deceleration
in tumor growth. The increased necrosis is attributed to a
combination of improved 5-FU penetration, heightened
leukocyte infiltration, and diminished tumor vascularity.
The impacts of SPIONs on tumor vascularization and
immune cell infiltration remain significant even in the
absence of 5-FU. A recent investigation involving magneti-

cally localized polyethyleneimine-coated SPIONs similarly
observed an augmentation in macrophage infiltration and
a reduction in tumor vascularization, independently of
cytotoxic drugs [88].

Wadajkar et al. described the preparation of magnetic-
based core-shell particles (MBCSPs) designed to target
B16F10 melanoma skin cancer cells. These MBCSPs are
composed of a thermoresponsive core made of PLGA
and a shell composed of poly(N-isopropylacrylamide-
acrylamide-allylamine) embedded with magnetite NPs.
The targeting of melanoma cancer cells was achieved by
conjugating MBCSPs with Gly-Arg-Gly-Asp-Ser (GRGDS)
peptides, which specifically bind to the a5B3 receptors
present on melanoma cells. Encapsulating magnetite within
a biodegradable polymeric core mitigates aggregation and
toxicity concerns, ensuring sustained, long-term drug
release. Moreover, these particles demonstrate efficient
uptake by targeted melanoma cells while maintaining good
cytocompatibility with healthy cells [87].

Despite the promising advancements, several challenges
persistin the developmentand clinical translation of nanohy-
drogels for cancer medicine. Issues related to biocompat-
ibility, pharmacokinetics, and scalability. Furthermore, it
outlines potential future directions, including the integra-
tion of artificial intelligence in personalized nanomedi-
cine and the exploration of novel materials and fabrication
techniques. The combination of diagnostics and treatment
by nanohydrogels creates a potentially useful theranostic
platform for skin melanoma treatment.

In conclusion, magnetic nanohydrogels present a
promising approach to the treatment of skin cancer. This
mini-review highlights their potential as innovative drug
delivery systems, offering targeted and controlled release
of therapeutic agents to melanoma lesions. By presenting
the unique properties of magnetic nanoparticles within
a hydrogel matrix, these nanohydrogels enable precise
targeting of treatment and enhanced permeation into the
skin. Additionally, their stimuli-responsive properties
allow the preparation of drugs with release response to
external triggers, further enhancing therapeutic efficacy
while minimizing systemic side effects. Despite the early
stage of research in this field, the potential of magnetic
nanohydrogels for advantageous skin cancer treatment is
evident. Continued exploration and advancement of this
technology hold promise for improving patient outcomes
and advancing the fight against skin cancer. Collaborative
efforts among researchers, clinicians, and industry stake-
holders will be essential in translating these findings into
clinical applications, ultimately benefiting patients world-
wide.
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