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Abstract
Background: Skin cancers are among the widely prevalent forms of cancer worldwide. The increasing industrialization and accompanied environmental changes have further worsened the skin cancer statistics. The stern topical barrier although difficult to breach is a little compromised in pathologies like skin cancer. The therapeutic management
of skin cancers has moved beyond chemotherapy and surgery.
Main body of the abstract: The quest for a magic bullet still prevails, but topical drug delivery has emerged as a
perfect modality for localized self-application with minimal systemic ingress for the management of skin cancers.
Advances in topical drug delivery as evidenced by the exploration of nanocarriers and newer technologies like
microneedle-assisted/mediated therapeutics have revolutionized the paradigms of topical treatment. The engineered nanovectors have not only been given the liberty to experiment with a wide-array of drug carriers with very
distinguishing characteristics but also endowed them with target specificity. The biologicals like nucleic acid-based
approaches or skin penetrating peptide vectors are another promising area of skin cancer therapeutics which has
demonstrated potential in research studies. In this review, a panoramic view is presented on the etiology, therapeutic
options, and emerging drug delivery modalities for skin cancer.
Short conclusion: Nanocarriers have presented innumerable opportunities for interventions in skin cancer therapeutics. Challenge persists for the bench to bedside translation of these highly potential upcoming therapeutic
strategies.
Keywords: Skin cancer, Nanovectors, Topical therapy
Background
Topical delivery has been a center of attention for pharmaceutical, nutraceutical as well as cosmeceutical
industries. Particularly, from the medical perspective,
topical delivery provides a suitable alternative for localized self-application for the treatment of skin diseases
such as dermatitis, rosacea, psoriasis. This is important
as the treatment remains localized to the affected area
of the skin and poses only minimal to negligible systemic toxicities [1]. Moreover, a large variety of nanoparticulate systems such as liposomes, micelles, polymeric
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nanoparticles, and strategies such as the use of skin
penetrating peptides, skin permeation enhancers, or
microneedle systems are available to act as drug carriers
to address issues related to drug toxicity, skin irritation,
limited permeation of drugs, and so on [1, 2].
Another disease area that has seen growth in the local
application of therapeutics is skin cancer which happens to be the most common cancer with one of every
three cancer diagnoses being a skin cancer as per WHO
[3]. Skin cancer is the most prevalent form of cancer in
the US as per Centers for Disease Control and Prevention [4] with an incidence rate of one in five Americans
developing skin cancer during their life [3]. Skin cancer is broadly classified into non-melanoma skin cancer which includes basal cell carcinoma and squamous
cell carcinoma and melanomas [5]. As per WHO, the
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estimated crude rate of incidence of melanoma worldwide in 2020 is 4.2 [6].
The major cause of skin cancer development is exposure to UV radiation [7–9]. Hence, the majority of the
strategies directed towards skin cancer are preventive strategies to reduce exposure of skin cells to UV
radiation. However, once the cancer cells have been
developed into tumors, treatment options available
are surgical removal of tumors (cryosurgery, excision,
or others) or therapy with topical 5-FU, immunotherapy (intravenous Immunoglobulins such as Pembrolizumab, Nivolumab, Ipilimumab), or targeted oral
small molecule therapy (Vismodegib, Sonidegib) and
novel therapy using oncolytic virus such as Talimogene
Laherparepvec (Imlygic®) [10, 11].
Advancements in topical delivery of drugs have
recently given pace to research on the delivery of drugs
for chemoprevention and treatment of skin cancers.
Varieties of nanocarrier systems of chemopreventive agents are available which prevent the inception
of skin cancers at their root causes. This includes, for
example, nanoparticulate UV-B absorbing agents (titanium dioxide, zinc oxide etc.), anti-oxidants or ROS
scavenging agents (resveratrol, quercetin, carnosol
etc.) [12–14] or cyclo-oxygenase-2 (COX-2) inhibitors
(celecoxib, etodolac) [15]. Of particular importance
to note is the use of UV-B absorbing agents which do
not require to be absorbed in the skin for their activity, however, other agents that prevent reactive oxygen
species (ROS) generation post-UV-B exposure and
COX-2 inhibitors work at the cellular level and hence
require better absorption in the skin layers and cells
for their activity. Some agents such as carnosol have
overlapping mechanisms i.e. absorption with UV-B
spectrum and also have the ability to scavenge ROS
and hence provide dual activity [13]. Among these
agents, UV-B absorbing agents can protect against
actinic keratosis and squamous cell carcinoma; however, supporting research on protection against basal
cell carcinoma and malignant melanoma is inconclusive [16].
Specifically, when it comes to treating skin cancers,
localized delivery of cytotoxic drugs is of great benefit
as topical application avoids/limits systemic toxicity
of cytotoxicity of drugs which reduce patient compliance and greatly limit the quality of life of cancer
afflicted people. However, this also poses a great challenge of bypassing the Stratum corneum and epidermal
skin barriers which are designed to be the first line of
defense of the body from xenomaterials and to hold
moisture in dermal and subdermal tissues to prevent
skin from drying out [17, 18].
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The current manuscript reviews the pathological
alterations in the skin due to cancer, unmet therapeutic needs for skin cancer treatment and possible
solutions offered by nanoparticulate drug delivery
systems for chemoprevention as well as therapeutic
management. Also, discussed is the detailed account
of various challenges and strategies to overcome those
challenges using nanocarriers for topical treatment of
skin cancer. Lastly, novel biological approaches such
as the use of nucleic acid-based carriers (framework
nucleic acids-FNAs, spherical nucleic acids-SNAs) and
skin penetrating peptides are discussed.

Main text
Skin anatomy and physiology

In brief, the skin has three layers namely epidermis, dermis (reticular and papillary), and subcutaneous layer also
known as hypodermis. The epidermis comprises four
basic layers starting from the deepest to the superficial:
Stratum basale, Stratum spinosum, Stratum granulosum,
and Stratum corneum. The deepest layer comprises dividing keratinocytes which push the cells on the outer side.
As the cells move out they lose their nuclei and secrete
lipids in the intercellular spaces; by the time the cells
reach the outermost surface, they are dead and form a
layer of laminated and loosely attached keratinocytes. The
Stratumbasale also houses other cells like melanocytes,
Merkel cells, and the cells of Langerhans. The dermis
comprises cellular elements like fibroblasts, hair follicles,
sebaceous glands, apocrine glands, eccrine glands as well
as blood vessels and nerves; acellular elements like fibers
and ground substance. There are two lymphatic plexuses
namely superficial lymphatic plexus and large lymphatic
vessels found around the blood vessels of the upper and
lower layer of the dermis, respectively. The subcutaneous
tissue is composed of connective tissue and also contains
fats, blood vessels and nerves.
The epidermis acts as a barrier for several pathogens
and protects the underlying layers. The dermis supports
and nourishes the epidermis, whereas the subcutaneous
layer stores fat, regulates body temperature, and also acts
as a shock absorber [19].
Skin cancer

(a) Etiology
There are two main types of skin cancer:
1. Non-melanoma that includes (a) Basal cell carcinoma
is a malignant neoplasm derived from basal cells
and commonly occurs on the head and neck mainly
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due to alterations in the hedgehog pathway and (b)
Squamous cell carcinoma is a malignant tumor of
keratinocytes that invades the dermis mainly caused
due to genotoxic stress leading to DNA damage.
2. Melanoma: Malignant melanoma is the malignancy
of the melanocytes and can occur in any tissues harboring these cells. This is caused either due to exposure to harmful ultraviolet radiation or due to mutations in several genes.
The less common cancer types include atypical fibroxanthoma, cancer of skin glands, Kaposi sarcoma, Merkel
cell carcinoma, Paget’s disease of the nipple, cutaneous
T-cell lymphoma, sebaceous carcinoma, dermatofibrosarcoma protuberans [20, 21]. Figure 1 shows the classification of skin cancer.
The risk factors are of two types namely (1) Constitutional factors which include phototype, skin, and eye
color, number of melanocytic nevi, presence of dysplastic nevi, individual or family history of skin cancer and
(2) Environmental risk factors which include type and
degree of cumulative sun exposure, history of sunburn,
and sun protection behavior of skin [22, 23]. Skin cancer

Fig. 1 Classification of skin cancer
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is mainly caused due to carcinogens like UV radiations,
chemicals, viruses, or mutations in the genes.
UV radiations

Exposure to UV rays is considered one of the main factors
contributing to skin tumorigenesis. The UV rays initiate a
series of events starting from the production of reactive
oxygen species leading to an inflammatory response that
alters the cell structure and function. NLRP1 inflammasomes are the ones involved in susceptibility to skin cancer [24]. UV radiations are easily absorbed by the many
chromophores in our skin such as melanin, proteins,
lipids, and DNA. The DNA of keratinocytes, in particular, can absorb these harmful radiations and form cyclobutane pyrimidine dimers and 6,4 photoproducts, which
in turn leads to immunosuppression. The same radiations
can isomerize another chromophore-trans-urocanic acid,
activating the 5HT2A receptor and causing immunosuppression. Thus, UV rays can cause immunosuppression
and mutations resulting in tumors. The UV radiations
also inhibit the cells residing in the skin such as the mast
cells, T cells (cytotoxic and memory), and activate lymphocytes (T and B) and natural killer cells. They cause
migration of Langerhans cells to the lymph nodes thereby
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depleting the skin of its defenses making it vulnerable to
cancerous lesions [25].
UV rays comprise UV-A and UV-B radiations. Though
UV-B is considered more harmful, UVA is also not without adverse effects. UV-A reaches deep down into the
dermis, causing carcinogenesis of the stem cells of the
skin. UV-A can also cause DNA damage by producing
free radicals and damaging the cell membrane in turn
causing skin cancer. UV-B gets absorbed by proteins on
the epidermis and inflicts DNA damage in the cells. UV-B
also causes oxidative damage to the skin. UVB radiations
further disrupt the regulatory proteins, anti-apoptotic
proteins, pro-apoptotic proteins, transcription factors,
protein kinases, inflammatory enzymes, and growth factors which in turn disturb the cell cycle. It further causes
mutations in various tumor suppressor genes and oncogenes. These effects together lead to uncontrolled mitosis
of keratinocytes and initiate skin cancer upon UV exposure [26].
Chemicals

Polycyclic aromatic hydrocarbons (PAH) and arsenic are
the most common chemical carcinogens for skin cancer.
Workers in industries that produce PAH such as coal
production plants, aluminum production plants, steel,
and iron foundries are at a greater danger of suffering
from skin cancer. Similarly, agricultural workers, miners,
and people living in rural areas drinking untreated water
are exposed to arsenic and are potentially at risk of skin
cancer [26].
Viruses

Viruses act by stimulating cancer-promoting genes in
keratinocytes or they might act as oncogenes and lead to
cancer. The common viruses are (i) Human papillomavirus (HPV) linked to squamous cell carcinoma (SCC) (ii)
Herpes virus associated with Kaposi’s sarcoma; and (iii)
human T-cell leukemia virus type 1 (HTLV-1) which
majorly causes adult T-cell leukemia [26].
To summarize, all the above agents lead to skin cancer
by causing unregulated proliferation of cells, DNA damage, inflammation, immunosuppression, angiogenesis,
and inhibiting apoptosis.
Genetic factors

Most skin cancers occur due to genetic abnormalities.
Certain mutations in cyclin-dependent kinase inhibitor 2A were the most frequent genetic abnormalities
detected. Polymorphism in antioxidant enzymes such as
glutathione S-transferase, which fights against the UVR
induced free radical damage, can predispose patients to
skin cancer [27]. Mutations of melanoma susceptibility gene p16, Ras oncogene, tumor suppressor gene p53,
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BRM tumor suppressor gene, PTCH1 tumor suppressor gene, CDKN2A gene, BRAF gene, C-KIT (receptor
tyrosine kinase) and mutations at any point in the MAPK
and PI3K-AKT pathways are responsible for non-familial
cases of skin cancer [25].
Patients with family cancer syndromes like familial retinoblastoma, Li-Fraumeni cancer syndrome and Lynch
syndrome type II, also show a higher risk of developing
melanoma. Even pigmentation is related to the risk of
skin cancer. It is a phenotypic trait with high heritability.
Single nucleotide polymorphism in pigmentation genes
related to skin cancer risk has been identified [28, 29].
Accordingly, the risk of developing skin cancer increases
in people with certain pigmentary characteristics such as
fair skin, numerous freckles, light colored eyes and hair,
sun sensitivity, and an inability to tan [23].
(b) Pathophysiologic alterations in skin cancer
Metastasis in BCC (basal cell carcinoma) is very uncommon. It brings about superficial changes in the skin structure. BCC can cause an uneven patch or a bump on the
skin. Atrophic scar formation is visible as cancer starts
spreading peripherally. As it starts invading the inner
tissues, ulcerations might be seen. Sometimes there
may be melanin deposition in these tumors. Superficial
BCCs occur in multiple numbers, especially on the covered body parts. It is seen as flat red scaly patches and
is frequently characterized by traumatic bleeding, crust
formation, erosion, ulceration, and scar formation. As
opposed to BCC, SCC can metastasize to the regional
lymph nodes and also to the nearby organs and hence is
more dangerous. It appears as an ulcer with a wide hardened border or as papules, nodules; hyperkeratotic, or
erosive skin lesions. The tumor may invade the underlying tissue [30] Melanoma skin lesions are characterized
by ABCDE- A-asymmetry, B- irregular border, C-color
which is not uniform and may vary from black to brown,
D-diameter more than 6 mm and E- evolution, elevation,
and enlargement of the lesion. The lesion may be accompanied by inflammation, hyperkeratosis, or bleeding [19].
(iii) Therapeutic management paradigms
The therapies for skin cancers vary as per the type of
cancer from surgical excision, radiation therapy to chemotherapy. Despite newer techniques available, surgery
remains the cornerstone to treat any type of skin cancer.
There are three types of surgeries performed: excision,
Moh’s micrographic surgery, and Curettage and electrodessication [31]. However, where surgical treatment is
not possible or for low-risk tumors or where the patient is
unwilling to undergo surgery; topical or systemic chemotherapy, radiation therapy, cryosurgery, or photodynamic
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therapy (PDT) are alternatives available. Cryosurgery is
advocated when other therapies are contraindicated or
not practical, though it has a recurrence rate of 39% after
2 years. Radiation therapy is of three types and includes
superficial radiation therapy, isotope-based brachytherapy, and external electron beam radiation. Radiation
treatment is given over several weeks in small doses. Post
radiation notable side effects comprise acute radiationrelated skin toxicity, potential radiation-related changes
to cellular structures, and the extra difficulty of handling recurrences within the radiation field. Late adverse
events can cause alopecia, cartilage necrosis, and skin
pigmentary changes in addition to the chances of secondary malignancy. PDT is used to treat small nodular BCCs.
It makes use of three variables: photosensitizing agents
like 5-aminolevulinic acid and its methylated derivative,
oxygen and light. In this therapy, exposure to light activates the photosensitizing agent which in the presence of
molecular oxygen generates reactive oxygen species that
target the tumor cells, initiate an immune and inflammatory response that can keep a check on tumor cells for a
long time. It can be combined with the other treatments
and gives excellent cosmetic results providing higher
satisfaction to patients. Post-treatment adverse events
include photosensitivity and thus, light avoidance and
photoprotection for 48 h is warranted. Erythema, edema,
tenderness, and, occasionally, crust or erosions might
occur [32–34].
The current management of different types of skin cancer is as mentioned in Table 1.

Management with chemotherapeutic agents is either
secondary or needs to be given in combination. BRAF
inhibitors need to be given along with other targeted
chemotherapeutic agents, since single agent treatment
may lead to multiple mutations in the tumor reactivating mutated MAP kinase pathway causing treatment
resistance [35]. Dabrafenib and trametinib is the most
widely used combination. Ipilimumab and nivolumab;
encorafenib plus binimetinib combinations are also used,
and they have a longer duration of action as compared to
debrafenib and trametinib.
Surgical excision and radiotherapy are the treatment
options available for all other minor carcinoma like
sebaceous carcinoma, eccrine porocarcinoma, Merkel
cell carcinoma, and atypical fibroxanthoma [36]. Retinoids are used as chemopreventive agents for NMSC
(nonmelanoma skin cancer). However, it is associated
with dryness of lips, mucous membranes and skin, hair
loss, bone toxicity and hepatotoxicity. Oral retinoids are
also teratogenic and are used only in specific high-risk
patients. Other chemopreventive agents including Nicotinamide, NSAIDs, Difluoromethylornithine, Vitamin
D, polyphenols, and retinoids are used for NMSC [25].
However, the efficacy of these agents is yet to be firmly
established.
(iv) Therapeutic challenges and unmet therapeutic
needs
In spite of a wide array of therapeutic options available
for different types of skin cancer, some of the tumors

Table 1 Management of skin cancer
Type of cancer

Type of surgery

Medicines applied topically

Basal cell carcinoma

Mohs micrographic surgery
(MMS)

Imiquimod, Ingenol mebutate Vismodegib

Radiation therapy, PDT

Imiquimoid, Diclofenac
gel (3%), 5-Fluorouracil,
Cetuximab

PDT Radiotherapy

Squamous cell carcinoma Standard excision, Mohs
micrographic surgery, Curettage and electrodesiccation,
Cryosurgery
Melanoma

Surgical excision, sentinel lymph Imiquimod
node biopsy

Medicines given orally

–

Others

BRAF kinase InhibitorsRadiation therapy
vemurafenib and dabrafenib,
encorfenib; NRAS InhibitorsBinimetinib; cKIT Inhibitorsimitinib and nilotinib and MEK
Inhibitors—trametinib and
cobimetinib. Immunotherapies for melanoma include
Cytotoxic T-lymphocyte Antigen 4 Inhibitors—Ipilimumab;
Programmed Cell Death
Receptor 1 Inhibitors—Pembrolizumab and Nivolumab
and anti-PDL1 (programmed
death ligand 1)-Atezolizumab.
If these fail Temozolomide
and Dacarbazine
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do not respond as expected leading to treatment failure.
Resistance to treatment is the primary reason for this
phenomenon. The internal and external environment of
the tumor decides the resistance pattern against every
therapy. The intrinsic factors include mutations in the
genes such as tumor suppressor gene p53, PTCH1 gene,
cyclin D1 overexpression, alteration of the Wnt/β-catenin
signaling pathway, overexpression of P-gp glycoproteins responsible for the transport of drug out of the cell.
Reduced immune effector mechanism and autophagy
are some additional ways of resistance development.
The external environment is responsible for the acquired
resistance of tumor cells. These may include the factors
in the tumor environment and possible mutations arising
during the treatment. Adaptive responses such as activation of compensatory signaling pathways in the tumor
cells, cross-resistance, and heterogeneity of the tumor
type with different phenotypic, genotypic, and epigenetic
characteristics additionally contribute to development of
resistance.
Resistance develops to PDT due to thickness of the
tumor, presence of melanin pigments, more amount
of collagen in the tumor, infiltrative growth tissue, and
ulceration. PI3 K/Akt and the MAPK/ERK pathways
implicated in the proliferation, survival, and inhibition of
apoptosis also is crucially involved in the development of
resistance to PDT. Constitutive activation of EGFR and
STAT3 which are essential in the transmission of growth
signals is known to give rise to resistance against radiation therapy [36].
Resistance also develops against chemotherapeutic
agents. Slow-growing tumors in SCCs are resistant to the
intralesional methotrexate therapy. PTCH gene mutation, SMO mutations, mutations in the target HH gene
cyclin D1, and a compensatory upregulation of IGF-1R/
PI3 K are found to be responsible for vismodegib resistance. Resistance can also develop to systemic Cetuximab
due to K-RAS mutation, constitutive activation of EGFR,
EGFR-dependent nuclear translocation of Src, PTEN
instability, AKT hyperactivation, upregulated expression
of EGFR ligands, and positive regulation of EGFR, HER2,
and HER3.
Polymorphism in dihydropyrimidine dehydrogenase,
an enzyme responsible for metabolism of 5-FU and overexpression of Bag-1 and Hsp70 are responsible for the
resistance towards 5-FU. Similarly, polymorphisms in
the TLR7 gene and reduced TNF-α levels are believed
to be responsible for resistance toward imiquimod. High
levels of intracellular calcium that are present in the differentiated keratinocytes, T-cell deficiency, or polymorph
neutrophil deficiency are some possible mechanism of
resistance towards Ingenol mebutate [37]. Having an
understanding of resistance mechanisms for various

Page 6 of 25

therapies, it becomes easier to devise ways to overcome
the resistance. A few examples are miRNAs which are
reported to reverse drug resistance and restore drug
sensitivity and Mibefradil; a calcium channel blocker is
found to increase sensitivity to MAPK inhibitors in melanoma [38].
Though resistance can be overcome by above-mentioned options, serious adverse reactions of chemotherapeutics (Table 2) are still a problem. Immune
checkpoint inhibitors (CTLA4- Ipilimumab, programmed cell death 1 (PD-1)-pembrolizumab and
Nivolumab or Programmed cell death ligand 1 (PD-L1)Atezolizumab) cause some of the serious autoimmunerelated skin condition, unmasking or worsening of atopic
dermatitis, psoriasis or sarcoidosis. BRAF1 inhibitors
(encorfenib, vemurafenib, and dabrafenib) cause UV-Ainduced phototoxicity and cutaneous toxicity. Some of
the agents do not have favorable pharmacokinetics. Thus,
overcoming resistance, suppressing adverse reactions and
improving pharmacokinetic parameters of anti-cancer
drugs, developing theranostic nanocarriers, are some
of the unmet therapeutic needs. To satisfy these needs,
we have to find novel ways to deliver the existing drugs
either as single agents or as an adjuvant with other drugs
and along with diagnostic agents. Nanotechnology offers
vistas and possibilities for addressing the challenges and
unmet needs by modifying pharmacokinetics, reducing
the adverse events by dose reduction, and better cellular
permeability for the therapeutic molecules. For example,
electrochemotherapy is an alternative to enhance the
permeability of the skin and deliver chemotherapeutic
agents like cisplatin and bleomycin into the cancer cells
[21]. Biologicals, nucleic acid-based therapies and phytochemicals could be a game changer in the future.
Nano‑formulations for skin cancer

Nanotechnology is commonly referred to any material,
technique, or equipment that functions at the nanoscale.
The amalgamation of various therapeutic, diagnostic,
and targeting agents into nanocarrier was well developed
during the past two decades, which has enabled better
detection, timely prevention, and more effective treatment of oncological diseases. Elaborate studies have gone
into developing nanoformulations (NFs) for topical delivery; however, no commendable progress has been made
in translating them from bench to bedside in treating
skin cancers. Figure 2 is a graphical representation of the
various types of skin cancers and the use of nanoparticles
in the treatment of the disease along with their benefits
[67].
Nanoformulations offer multifarious benefits in the
management of skin cancer. They can enhance the
solubility of poorly water-soluble drugs, half-life, and

Localized dermal side effects such as contact
dermatitis, exfoliation, dry skin, and rash

Cutaneous side effects including rash, itching, and It follows non-linear pharmacokinetics, is mainly
[45, 46]
nail changes, headache, diarrhea, and infection
restricted to the intravascular compartment. It
reaches steady state by the third week and has
a plasma half-life of 112 h. It has a poor distribution within hypoxic regions of the tumor

Metastatic BCC or locally advanced BCC 150 mg
orally once daily

Ak of face and scalp-0.015% once daily for 3
consecutive days
AK of trunks and extremities- 0.05% once daily for
2 consecutive day

AK- Twice daily topically for 60–90 days

SCC- 400 mg/m2 by infusion administered one
week prior to radiation therapy or on the day
of initiation of other chemotherapeutic agent.
Subsequent dose is 250 mg/m2 by infusion
weekly for 6–7 weeks

Malignant melanoma- 2 to 4.5 mg/kg/day orally
for 10 days. Treatment may be repeated at
4 week intervals
OR 250 mg/square meter body surface/day I.V.
for 5 days. Treatment may be repeated every
3 weeks

Unresectable or metastatic melanoma with a
BRAF V600E or V600K mutation- 450 mg orally
once daily in combination with Binimetinib

Unresectable or metastatic melanoma with a
BRAF V600E or V600K mutation- 960 mg orally
twice daily taken approximately 12 h apart

Vismodegib

Ingenol mebutate

Dicolfenac (3%)

Cetuximab

Dacarbazine

Encorafenib

Vemurafenib

Arthralgia, rash, alopecia, fatigue, photosensitivity
reaction, nausea, itching, and skin papilloma

Fatigue, nausea, vomiting, abdominal pain, and
arthralgia

Symptoms of anorexia, nausea, and vomiting

Local skin reactions like pain, pruritis, infection, periorbital edema, nasopharyngitis and
headache

Muscle spasms and arthralgias, alopecia, and
dysgeusia often culminating in weight loss. It is
embryotoxic and teratogenic

Erythema, swelling, crust, erosions, ulcers, and
eschar

[51, 52]

[47–50]

[44]

[43]

[41, 42]

[40]

Bioavailability data is not yet available. Highly
[53]
protein bound (more than 99%) with a volume
of distribution of 106 L, elimination half-life is
57 h. Non clinical data reports that this drug is
equally distributed in tissue and blood, however
it doesn’t penetrate brain and spinal cord

At least 86% of the dose is absorbed and a similar
percentage is associated to plasma proteins,
with an apparent volume of distribution of 164
L, the terminal half-life -3.5 h, is extensively distributed in the tissues highest levels are found
in the liver

After administration the volume of distribution
exceeds total body water content indicating
partial distribution in tissue, mostly the liver. It
has a terminal half-life of 5 h

Systemic bioavailability after topical application
is lower than that after oral administration,
approximately 10% gets absorbed after topical
application, gets associated to serum albumin,
half-life being 1–2 h

0.05% gel shows minimal systemic absorption

Bioavailability is 31.8%, serum protein binding
observed was higher than 99%, half-life is
4 days. It is well distributed in the body

0.5% cream shows minimal systemic absorption

Mean peak serum concentration was found to be [39]
0.1, 0.2, and 3.5 ng/mL at for 12.5, 25 and 75 mg
at the end of 16 weeks This indicates minimal
systemic absorption and prolonged retention of
drug in the skin

Actinic keratosis- 0.5% once a day for 2–4 weeks
BCC: 5% cream twice a day for 3–6 or
10–12 weeks

Cutaneous erythema, swelling, erosions, crusts,
vesicles, pruritis, and, occasionally, tingling
sensations. Systemic symptoms include
fatigue, influenza-like symptoms, myalgia, and
headache

5 Fluorouracil

References

Superficial BCC- 5 times in a week for 6 weeks
Actinic keratosis: 2 times in a week for 16 weeks

Pharmacokinetics

Imiquimod (5%)

Adverse effects

Dosage regimen

Chemotherapeutic agent

Table 2 Pharmacokinetics and adverse effects of chemotherapeutic drugs for the therapeutic management of various types of skin cancer
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Melanoma or head neck SCC: 200 mg as intravenous infusion every 3 weeks

Unresectable or metastatic melanoma with a
BRAF V600E or V600K mutation- 2 mg orally
once daily as a single agent or in combination
with Dabrafenib, at least 1 h before or at least
2 h after a meal

Unresectable or metastatic melanoma with a
BRAF V600E or V600K mutation- 60 mg orally
once daily for the first 21 days of each 28-day
cycle until disease progression

Pembrolizumab

Trametinib

Cobimetinib

NRAS Inhibitors—Binimetinib Unresectable or metastatic melanoma with a
BRAF V600E or V600K mutation- 45 mg orally
twice daily in combination with Encorafenib

Unresectable or metastatic melanoma 240 mg
every 2 weeks or 480 mg every 4 weeks. OR
1 mg/kg, followed by Ipilimumab on the same
day, every 3 weeks for 4 doses, then Nivolmab
240 mg every 2 weeks or 480 mg every 4 weeks
Adjuvant treatment of melanoma 240 mg every
2 weeks or 480 mg every 4 weeks

Nivolumab

The absolute bioavailability is 46%, 95% is bound
to plasma proteins. It preferentially binds to red
blood cells and has volume of distribution of
806 L, elimination half- life is 44 h. Preclinical
studies indicate wide distribution of the drug
after oral administration, it is found more in the
lacrimal glands and pigmented skin and very
less in the CNS

Absolute bioavailability is 72%, 97.4% is bound
to plasma proteins and apparent volume of
distribution is 214L, half-life is 3.9–4.8 days. It
is widely distributed in the tissues; however
penetration in the brain is low. It also exhibited
accumulation in the pigmented skin

In combination with Encorafenib, it causes
50% of the dose is absorbed, 97% is bound to
fatigue, nausea, diarrhea, vomiting, and abdomiplasma proteins with a volume of distribution
nal pain
of 92 l, half-life is 3.5 h. It is widely distributed
in the tissue, however very less permeates in
the CNS

Diarrhea, photosensitivity reaction, nausea,
pyrexia, and vomiting

Rash, diarrhea, and lymphedema

Fatigue, musculoskeletal pain, decreased appetite, Steady-state concentrations of Pembrolizumab
pruritus, diarrhea, nausea, rash, pyrexia, cough,
are reached by 16 weeks, terminal half-life is
dyspnea, constipation, pain, and abdominal
22 days. Preclinical data reports that Pembrolipain
zumab accumulates in liver and spleen tissue

Fatigue, rash, musculoskeletal pain, pruritus,
Steady state concentration is achieved after
diarrhea, nausea, asthenia, cough, dyspnea, con12 weeks, half-life is 25 days. Owing to high
stipation, anorexia, back pain, arthralgia, upper
molecular mass, it is very slowly distributed in
respiratory tract infection, pyrexia, headache,
the tissue and is bound to the antigens present
abdominal pain, and vomiting
in the tissue or in blood

[64, 65]

[62, 63]

[54, 55]

[60, 61]

[58, 59]

It follows linear pharmacokinetics, steady state
[56, 57]
concentration is achieved after the 3rd dose,
terminal half-life is 15.4 days. It remains in the
vasculature and doesn’t undergo tissue distribution

Unresectable or metastatic melanoma
Fatigue, diarrhea, itching, rash, and colitis. nausea,
3 mg/kg intravenously over 90 min every 3 weeks
vomiting, headache, weight loss, pyrexia, anofor a total of 4 doses
rexia and insomnia
Adjuvant melanoma: 10 mg/kg intravenously over
90 min every 3 weeks for 4 doses, followed by
10 mg/kg every 12 weeks for up to 3 years

Iplimumab

References

Unresectable or metastatic melanoma with a
Hyperkeratosis, headache, pyrexia, arthralgia,
Bioavailability is 95%, 99.7% is bound to plasma
[54, 55]
BRAF V600E or V600K mutation- 150 mg orally
papilloma, alopecia, and palmar-plantar erythroproteins with a volume of distribution of 70.3L.
twice daily as a single agent or in combination
dysesthesia syndrome
The metabolites-hydroxy- and desmethylwith trametinib, at least 1 h before or at least 2 h
dabrafenib are likely to contribute to the clinical
after a meal
activity of Dabrafenib. Terminal half-life is 8 h. It
exhibits a widespread tissue distribution

Pharmacokinetics

Dabrafenib

Adverse effects

Dosage regimen

Chemotherapeutic agent

Table 2 (continued)
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Local treatment of unresectable cutaneous- sub- Fatigue, chills, pyrexia, nausea, influenza-like illcutaneous, and nodal lesions in patients with
ness, and injection site pain, herpetic infection,
melanoma recurrent after initial surgery- startimmune mediated events, risk of spread to
ing dose is up to a maximum of 4 mL at a
people in close contact with the patient followconcentration of 1 06 (1 million) plaque-forming
ing administration
units (PFU) per mL. Subsequent doses should be
administered up to 4 mL at a concentration of
108 (100 million) PFU per mL (3 and /or 5 weeks
after initial treatment)

Talimogene laherparepvec

Adverse effects

Dosage regimen

Chemotherapeutic agent

Table 2 (continued)
85% of the DNA is found in blood and 20% in
urine

Pharmacokinetics

[66]

References
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Fig. 2 Types of skin cancers and use of nanoparticles in the treatment of the disease. Reproduced with permission from Krishnan and Mitragotri
[67]

pharmacokinetic parameters of the drug to overcome the
drug resistance. Drug incorporation in nanocarriers can
help in leveraging their biomimetic properties to improve
bioavailability. Further, they will be preferentially accumulated in tumors through the enhanced permeability
and retention and surface modification strategies can
endow them with specific targeting abilities. Their benefits can be augmented when used in combination with
physical permeation enhancement techniques.
Most of the nanoformulations for skin cancer are either
in the development phase or clinical trial phase. The
mechanistic understanding of their permeation characteristics and pharmacokinetics will help in the better
design of such products. As is the case with all nanoformulation-based products, scale up issues, toxicology of
the components, and batch-to-batch reproducibility are
their prospects of successful bedside translation [68].
Types of nano‑formulations and their common properties

Nanoformulations offer unique avenues for the management of skin diseases. The barrier function of the skin
presents a formidable challenge for nanoparticles to permeate into the tissue, although the barrier is partially
breached in injuries or inflammatory episodes, as in the

case of skin cancer. This can be leveraged to increase the
penetration of NFs. They can be mainly divided into 3
categories, viz. Particulate NFs, vesicular NFs, and colloidal NFs. Some of the widely used formulations are discussed below:
(a) Particulate nanoformulations
(b) Lipid-based nanoparticles
Solid lipid nanoparticles (SLNs)

The merits of liposome and polymeric nanoparticles
are combined in the new generation of delivery systems
known as Solid Lipid Nanoparticles (SLNs) [69]. SLNs
can offer multiple advantages, such as targeting to site
of action, physical stability, the plausibility of controlled
release of both lipophilic and hydrophilic drugs, protection of labile drugs, low cost, ease of preparation. Similar to liposomes, SLNs can be formulated avoiding the
use of toxic solvents, and hence, SLNs are approved for
pharmacological applications in humans. Here, the use
of toxic chemicals is minimized which defends chemical degradation of the drug and allows sustained release
of the drug with adequate physical stability [70]. SLNs
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have few drawbacks like variable capacity of drug encapsulation and drug leakage from the matrix upon storage
[71]. However, despite a few limitations, SLNs are being
explored widely as drug delivery platforms in the treatment of life-threatening diseases like cancer due to their
potential advantages as mentioned above [72, 73].
Tupal et al. investigated the topical delivery of Doxorubicin (Dox) loaded SLNs for skin cancer. They formulated the SLNs with the objective that Dox-loaded SLNs
would decrease the systemic side effects of Dox along
with improvement in the therapeutic effectiveness. They
achieved promising results for dermal delivery of Doxloaded SLNs with supporting in vitro and in vivo data. It
was observed that SLN suspension enhanced drug permeability, improved cellular uptake, and reduced cell
viability with change in the concentration. Results of histological evaluation reveal considerable improvement in
tumor tissue restriction and no damage to skin surface
due to free Dox in the administration of Dox-SLN. They
also suggested the need for further studies like stability
studies and in vitro cytotoxicity with Dox-SLN on the
various organs other than the targeted ones, to exploit
the use of lipid-based carrier systems for the treatment of
melanoma [74].
Cassano et al. developed and evaluated α-tocopheryl
linolenate-based solid lipid nanoparticles along with its
antioxidant activity study. They successfully incorporated
omega-3 α-linolenic acid (an advantageous substance in
the therapeutic management of skin cancer) into SLNs.
The attained results indicated that the α-tocopherol,
linked to α-linolenic acid by ester bond, is mainly responsible for the maintenance of excellent antioxidant activity. 77% drug encapsulation was achieved with the
polydispersity index of 0.198 indicating a good homogeneity. Furthermore, the cytotoxic activity of the SLNs
was tested against human melanoma cancer cell line
using two nanoformulations (empty nanoparticles and
SLNs loaded with α-linolenic acid) and they observed
the IC50 values of 0.82 and 2.44 μg/ml, respectively.
Statistical analyses (Bonferroni test) indicated a significant difference amidst these exceptional results and the
cytotoxic effect on melanoma cell line. SLN loaded with
α-linolenic acid and α-tocopherol showed high biological
activity and more effectiveness than α-linolenic acid and
α-tocopherol alone. The results confirmed the capability
of SLNs in protecting unstable molecules from degradation because of oxidative stress [75].
T. Geetha et al. developed sesamol-loaded solid lipid
nanoparticles for the treatment of melanoma. Sesamol
has marked antioxidant properties which may be useful
to fight against skin cancers. The study confirmed the
apoptotic nature of sesamol using in vitro anti-proliferative techniques like MTT assay and DNA fragmentation
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studies in HL60 cell lines. Sesamol has satisfactory
physicochemical properties which enable its prompt
absorption with higher flux. The same was confirmed
by performing ex vivo skin permeation and retention
studies. Hence, it was assumed that sesamol enters systemic circulation immediately without any lag time after
topical application. Markedly high flux (38.92 ± 0.62 mg/
sq.cm/h), and minimal retention in the skin tissue were
observed. In vivo studies were performed using TPAinduced and benzo(a)pyrene initiated tumor production (ROS mediated) in a mouse model which confirmed
that incorporation of sesamol into SLNs shows low skin
retention (less than 7% at 4 h) as compared to the sesamol alone. When sesamol was incorporated in the ointment base, it showed significant lag time with the release
of a small amount of sesamol (99.32 mg at 2 h). Thus, by
incorporation of sesamol into SLN helped in enhancing its local bioavailability at the site of application and
achieving the desired anticancer effect. In addition, the
study also concluded that S-SLNs were useful as therapeutic agents in the treatment of cancer [76].
Gupta et al. developed Curcumin solid lipid nanoparticles using a high-pressure hot homogenization technique. The developed formulation exhibited a significant
augmentation of solubility and drug loading. SLNs exhibited zero-order drug release and enhanced stability. The
authors reported 69.78 folds and 9 folds higher oral bioavailability as compared to free Curcumin and marketed
formulation (CurcuWIN®). The results ensure the efficacy of Curcumin solid lipid nanoparticles in treating
cancer and other inflammatory diseases [77]
The nanometric size and complexity of colloidal populations are one of the reasons why polymorphic transitions have not been deciphered precisely. However
advanced biophysical techniques such as cryo- and
freeze-fracture transmission electron microscopy, SAXS,
and SANS are being applied to study SLN structures. The
prospects for this type of delivery system indicate surface
functionality and improved targeting as their mechanism
for overcoming drug resistance is highly generic [78].
Nanostructured lipid carriers (NLCs)

Unlike SLNs, Nanostructured Lipid Carriers (NLCs)
are the second generation of lipid nanoparticles. However, NLCs have a highly unordered structure due to the
mixture of solid and liquid lipids which enhances drug
loading capacity with reduction of water content in the
nanocarrier in comparison to SLNs. They remain solid
at room temperature and physiological temperature also
[79]. NLCs can be manufactured at low cost and technology transfer to a large scale is also easy. Hence, it is
endorsed to explore NLCs for drug delivery through oral,
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pulmonary, IV injection, nose-to brain, dermal and ocular routes.
Almousallam et al. studied Dacarbazine (DAC) loaded
nanostructured lipid carrier for improvement in the drug
solubility and prolonged drug release. Precirol ATO5 and
isopropyl myristate were used as lipids for the synthesis
of blank and DAC encapsulated NLCs. Tocopheryl polyethylene glycol succinate, soybean lecithin, and Kolliphor
P 188 were used as co-surfactants. High shear dispersion followed by solidification of o/w emulsion method
was used to achieve controlled sized NLCs. An optimized batch of DAC encapsulated NLC had a particle
size of 155 ± 10 nm, PDI of 0.2 ± 0.01, and zeta potential
of − 43.4 ± 2 mV. 98.5% drug encapsulation and 14% of
drug loading were achieved. A biphasic drug release pattern was observed, as 50% of the drug was available in the
first 2 h where the remaining 50% was released in a sustained manner for 30 h. It was proven that improved drug
encapsulation, loading efficiency, prolonged drug release,
stability upon storage, and simplified synthesis can be
attained with NLCs [80].
Iqbal et al. developed silymarin-loaded NLC gel for the
treatment of skin cancer. Silymarin NLC gel was evaluated for antiproliferative, antioxidant, anti-inflammatory,
and antitumor activity. B16 melanoma cell line was used
for ex vivo studies and albino mice were used as in vivo
models to assess the above listed pharmacological activities. A significant reduction in the large volume tumors
was observed. Levels of IL-1α and TNF-α were lower
along with greatly elevated levels of superoxide dismutase, catalase, and glutathione in the group treated
with silymarin-NLC gel. Furthermore, basosquamous
carcinoma was noticed in skin treated with placebo and
squamous cell carcinoma was noticed in the skin treated
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with conventional gel. Silymarin-NLC gel was proven to
be a better treatment regimen as compared to silymarinconventional gel [81].
Zhao et al. developed NLC loaded with Podophyllotoxin for skin targeting. Their study aimed to incorporate
podophyllotoxin (POD) in NLCs and increase its skin
distribution. Two NLC formulations were prepared with
POD loading and were characterized. They were subjected to in vitro and in vivo experiments for comparison
of their skin targeting efficiency. POD-NLC formulation
1 had a mean particle size of 106 nm whereas POD-NLC
formulation 2 had a mean particle size of 219 nm. Drug
loading was relatively low for both formulations—0.33%,
and 0.49%, respectively. After topical application of
both the NLC formulations, higher skin deposition was
detected with formulation 1 during in vitro and in vivo
studies. Distribution behavior of both the formulations was observed in vivo by replacing POD with Nile
Red using confocal microscopy. Formulation 1 showed
high fluorescent intensity which indicated that smaller
size NLCs had better skin targeting efficiency. Obtained
results were found in line with in vitro studies. Results of
skin irritation studies on intact and diseased rabbit skin
confirmed that its use is safe in topical application. It
was concluded that while optimizing NLC formulation,
mean particle size should be considered as an important
parameter, considering its low loading capacity [82].
In one study by Rapalli et al., Curcumin-loaded NLCs
were prepared to evaluate enhancement in the skin retention property. Results showed that the Curcumin-loaded
NLCs had better skin retention and penetration capacity
as compared to free Curcumin gel. Significant improvement in cellular uptake and skin deposition was observed

Fig. 3 Formulation of Curcumin based NLCs for skin cancer. Reproduced with permission from Rapalli et al. [80]
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with NLCs. Figure 3 is a schematic representation of the
study [83].
Malta et al. encapsulated 1-carbaldehyde-3,4-dimethoxyxanthone (LEM2) into nanostructured lipid carriers
using the ultrasonication method. The developed formulation had a high encapsulation efficiency and mean
particle size suitable for topical application. LEM2 containing NLCs were found to be more cytotoxic against
melanoma A375 cell line indicating improved efficacy of
the developed formulation [84].
NLCs are the next-gen smart lipid nanoparticles that
will be a choice of formulators for the delivery of lipophilic drugs. Ease of preparation and good encapsulation
efficiency as well as the possibility of specific targeting
will be the key factors driving their success.
(ii) Dendritic nanoparticles
Dendrimers are uniquely built nano-sized molecules
with a central core and radially symmetric tree-like
branches with well-defined, homogenous, unimolecular, and monodisperse structures. Dendrimers have
characteristics to deliver nucleic acids, imaging agents,
and both hydrophobic and hydrophilic drugs. They
are multivalent as all the branches can have various
terminal groups and the availability of several cavities
[85, 86]. Quite a lot of literature sources confirm the
ability of dendrimers to induce specific targeting by
ligands and destruction of tumors. They include oligopeptides, oligosaccharides, polyunsaturated fatty acids,
folate, polysaccharides and tumor-associated antigens.
However, a controlled release of drugs associated with
dendrimers is still difficult to obtain. One approach
is to incorporate a degradable link by synthesizing or
conjugating the drug to dendrimers which can control
the drug release [87]. Dendrimers were proven successful to be used for squamous cell carcinoma and melanoma by the means of therapy, immunotherapy, and
radio-immunotherapy. They have also found applications in the diagnostic imaging of cancer cells, such as
MRI. Gadolinium-conjugates dendrimers have allowed
the selective comprehensive targeting and imaging of
tumors [88].
Jiang G et al. developed temozolomide-loaded
dendritic nanoparticles for the treatment of melanoma. They evaluated the temozolomide (TMZ)loaded polyamide-amine dendrimer (PAMAM)‑based
nanodrug delivery system, and explored its ability to target human melanoma (A375) cells in vitro.
The particles were synthesized using substitution/addition reaction and the complex was made
using ultrasonic emulsification method. They then
checked the targeting ability of prepared conjugates on A375 cells. The entrapment efficiency and

Page 13 of 25

drug loading of TMZ-PAMAM-PEG-GE11-HA
was ~ 50.63% and ~ 10.4%, respectively. TMZ-PAMAMPEG-GE11-HA targeted A375 cells in vitro. The
TMZ-PAMAM‑PEG-GE11-HA nanodrug delivery
system was successfully prepared and demonstrated
its potential for targeting A375 cells in vitro. This system enhanced the sensitivity of A375 cells to TMZ and
provided a novel targeted strategy for the treatment of
metastatic melanoma [89].
Dendrimer nanocomplexes are being explored for
delivery of genetic materials by using iontophoresisassisted drug delivery. Peptide dendrimers are also
under investigation for various therapeutic applications. Such advances in material science and drug
delivery science will ensure better management of skin
cancers in the future.
(b) Vesicular nanoformulations
(c) Liposomes
Liposomes are phospholipid vesicles (dimensions of
50–100 nm and even larger) that have a bilayered membrane structure, similar to that of biological membranes,
together with an internal aqueous phase. Liposomes are
classified according to size and number of layers into
multi-, oligo-, or unilamellar. The aqueous core can be
used for encapsulation of water-soluble drugs, whereas
the lipid bilayers may retain hydrophobic or amphiphilic
compounds. To escape from reticuloendothelial system
(RES) uptake after i.v. injection, PEGylated liposomes,
“stealth liposomes,” were developed for reducing clearance and prolonging circulation half-life [90]. Liposomes
show excellent circulation, penetration, and diffusion
properties. The possibility to link the surface of the
liposomes with ligands and/or polymers increases significantly the drug delivery specificity [91]. Early research
demonstrated that liposomes remain in the tumor interstitial fluid just near the tumor vessels [92].
In one study, Wozniak et al. encapsulated Curcumin
in liposomes and evaluated its photosensitizing efficacy
following photodynamic therapy on Melanoma MUGMel2, Squamous Cell Carcinoma SCC-25, and Normal
Keratinocyte HaCaT Cells. The liposomal Curcumin
formulation exhibited improved bioavailability and
increased stability revealing potent anti-cancer activity in squamous cell carcinoma and melanoma cell lines.
On the other hand, decreased phototoxicity was found
in normal skin keratinocytes HaCaT cells. Overall, the
results suggested that the liposomal formulation of a
poor soluble natural compound may improve photosensitizing properties of curcumin-mediated photo-dynamic
therapy treatment in skin cancers and reduce toxicity in
normal keratinocytes [93]. Currently, several liposomal
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formulations in the clinical practice contain several drugs
for the treating of different types of cancer, including
melanoma [94].
(ii) Ethosomes
Touitou et al. developed Ethosomes, deformable vesicles
which have ethanol in their composition. Ethosomes are
known for their high encapsulation capacity for polar as
well as nonpolar drugs and can pass through the stratum corneum very easily. Ethosomes have a multilamellar structure and are made up of phospholipids, ethanol,
and water which give them a higher encapsulation capacity. Ethosomes show a higher flexibility and fluidity than
liposomes. Ethanol in the composition of ethosomes
leads to the temporary disorganization of alcoholic lipid
chains in the stratum corneum and promotes the penetration of soft carriers across the skin barrier [95].
Cristiano et al. studied the potential of sulforaphaneloaded ethosomes and transferosomes for the treatment
of skin cancer. They prepared the formulations using
phospholipon 90 G, sodium cholate hydrate, ethanol,
and water. Developed products were evaluated for mean
particle size, polydispersity index, deformability, drug
encapsulation efficacy, and cutaneous penetration across
human stratum corneum and epidermal layers. They
found that ethosomes prepared using ethanol 40% (w/v)
and phospholipon 90G 2% (w/v) have better stability and
are more suitable as topical carriers for skin cancer [96].
Nayak et al. developed bioengineered ethosomes
encapsulating silver nanoparticles and Tasar silk sericin
proteins. The in vivo experiments exhibited the stimulation of IgM secretion with T cell-mediated immune
response. This study proposes a novel, cost-effective, and
alternative approach for targeted delivery of drugs for
non-melanoma skin carcinoma [97].
The ability of these nanostructures to perturb the lipid
barrier will make them an attractive choice for the delivery of drugs that are difficult to deliver through the percutaneous route. Bioengineered ethosomes are currently
under investigation.
(iii) Transferosomes

Cevc et al. described the Transfersomes®, so-called
ultra-deformable liposomes for the first time [98]. As
with ethosomes®, the flexibility of transferosomes® is
attributed to their specific composition. Phospholipids
and sodium cholate are the main components, which
reduces interfacial tension by acting as an edge activator,
hence increasing the deformability of the vesicle bilayers.
Thanks to their exceptional flexibility, transferosomes are
said to transgress as intact vesicles through the dermal
layers to the systemic circulation. To repurpose carvedilol
for skin cancer prevention, a novel topical transferosomes
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based formulation was developed by Chen et al.. The
optimized formulation was composed of carvedilol, soy
phosphatidylcholine, and Tween-80 at a ratio of 1:3:0.5
and exhibited a particle size of 115.6 ± 8.7 nm, a zeta
potential of 11.34 ± 0.67 mV, and encapsulation efficiency
of 93.7 ± 5.1%. The developed delivery system of carvedilol was proven efficacious in preventing ultravioletinduced skin damage and carcinogenesis [99].
(iii) Colloidal nanoformulations
(iv) Nanoemulsions
Nanoemulsions can be used as a vehicle for the BCS class
II and IV drugs as they are colloidal dispersions and constituted of safe grade excipients [100, 101]. Nanoemulsion is a dispersion of two heterogeneous liquids, one in
droplet form and another as the continuous phase, which
leads to better stability and solubility. The drug is protected from degradation and plasma half-life is increased
by the encapsulation mechanism.
Nanoemulsions have characteristics like large surface
area, zeta potential, elevated circulation half-life, and tissue targeting. These essential qualities provoke the interest of scientist to explore the use of nanoemulsion in
cancer therapy. Due to its small size, nanoemulsion can
easily accumulate and pass through barriers of vascularized tissues in the surrounding of the cancer cells. Above
all this, they can also be functionalized according to the
types of drugs to be encapsulated and specific targets
[102, 103].
Shakeel et al. [104] investigated the use of 5-fluorouracil (5-FU) in nanoemulsion systems. 5-FU shows extreme
bioavailability and severe adverse effects; hence, its oral
delivery is very difficult. They developed and evaluated
low HLB surfactant nanoemulsion of 5-FU for topical
chemoprevention of skin cancer. The oil phase titration
method was used to prepare low HLB surfactant nanoemulsion. Thermodynamically stable nanoemulsions were
evaluated for droplet size analysis, zeta potential, viscosity, and refractive index. In vitro skin permeation studies
of the optimized formulation were performed by mounting rat skin on Franz diffusion cell. Stability studies and
in vitro cytotoxic studies were also performed on a melanoma cell line for the optimized formulation. 22.33 folds
enhancement was found with the optimized formulation
when compared with control and other formulations.
Optimized nanoemulsion of 5-FU showed better efficacy
than free 5-FU during in vitro cytotoxicity studies on SKMEL-5 cancer cells.
Tagne et al. developed nanoemulsion of DAC for the
treatment of melanoma and they found that nanoemulsion delivery systems for drugs may provide more efficacious treatment of certain cancers and with fewer
adverse effects. The results proved that DAC can also be
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administered as IM and/or topical application other than
conventional IV injection. They also showed that when
nanoemulsion is delivered to the nude mice, it penetrates
better through the cell membrane. It was concluded that
nanoemulsions allow superior skin penetration after
photoactivation of DAC and hence, it is released intracellularly which ultimately makes it suitable for topical
application [105].
Adhikari et al. investigated the synergistic effect of cold
atmospheric plasma (CAP) and Silymarin Nanoemulsion (SN) for inhibition of melanoma. They used a flow
cytometer to examine the combined treatment of CAP
and SN on G-361 human melanoma cells by considering
various cellular markers as key evaluation parameters.
Using western blotting and microscopy assessment, the
effect of dual treatment on the epithelial–mesenchymal
transition (EMT) was checked considering (HGF/cMET) pathway, sphere formation, and the reversal of
EMT. Cellular toxicity was increased in a time-dependent
manner when co-treatment of SN and CAP was given
and showed maximum toxicity at 200 nM in 24 h. ROS
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and RNS generation was found less than 3 times and less
than 2.5 times, respectively, in the dual treated samples
when compared with the control. They also assessed
DNA, increase in Caspase 8,9,3/7, PARP level and apoptotic genes level. EMT markers, melanoma cells (BRAF,
NAMPT) and stem cells (CD133, ABCB5) markers were
decreased. In vivo results confirmed the reduction in
tumor size, weight, and SN with PAM [106].
Anuchapreeda et al. prepared Curcumin-loaded
nanoemulsion for the treatment of cancer. The study
showed the successful fabrication of small-sized nanoemulsion loaded with Curcumin. For the preparation of
Curcumin lipid nanoemulsion, a thin layer hydration
method was used. Instead of HCO-60, Tween 80 was
used as a surfactant to achieve small particle size. Prepared nanoemulsion had a particle size of 47–56 nm with
a small polydispersity index. The addition of Curcumin
was continued until Curcumin incorporated in the emulsion reached saturation level. The composition of optimized Curcumin lipid nanoemulsions was 1 mL soybean
oil, 30 mg Curcumin, 250 mg HEPC, 375 mg Tween 80,

Fig. 4 Lavender nanoemulsion formulation and characterization. Reproduced with permission from Kazemi et al. [101]
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and 30 mL water. The stability of the prepared nanoemulsion was found to be of 60 days at 4 °C. The results from
the cytotoxicity test assured the use Curcumin-loaded
nanoemulsion as an effective nanodelivery vehicle [107].
Kazemi et al. developed a nanoemulsion of lavender
oil and licorice extract to check its potential in deep skin
wound healing by evaluation of biochemical parameters,
gene expression, and histopathological examination.
These agents improve collagen deposition and accelerate re-epithelialization. Prepared nanoemulsion has antioxidant properties, which is very essential in anti-cancer
activity as well. Figure 4 depicts the formulation and
evaluation of nanoemulsion of lavender essential oil and
licorice extract and their promising results to be used for
dermal delivery [108].
Daniela et al. developed nanoemulsions for topical
delivery of a cytotoxic agent piplartine. The nanoemulsions were modified with the bioadhesive polysaccharides namely chitosan and sodium alginate. Due to the
encapsulation, there was a 2.8-fold reduction in the drug
IC50 against melanoma cells. The developed formulation exhibited marked epidermis destruction in a 3D
melanoma model, demonstrating efficacy [109]. The role
of nanoemulsions is being explored as Nanoemulgels,
development of nanoemulsions for polychemotherapy, as
vaccine carriers and as theranostic agents.
(ii) Nanofibres
Yang et al. have developed an implantable device containing nanofibre loaded with micelle for effective and safe
cancer therapy. First, Doxorubicin was encapsulated in
the folate conjugated poly(ε-caprolactone)-poly(ethylene
glycol) copolymer by self-assembling into active targeting
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micelles. Folate receptors are over-expressed on the surface of solid tumors to which folate ligands can bind
readily. Then, coaxial electrospinning was used to form
core–shell polymeric nanofibres in which micelles can be
trapped in the core region. The inner phase of fibers was
made up of an aqueous solution of PVA and micelles and
gelatin solution makes the outer phase. Electrospun fibers have high drug loading capacity due to the big surface area to volume ratio. They are excellent drug carriers
and hence can be implanted. The developed nanofiber
has a degradable matrix which releases active-targeting
micelles slowly and they get accumulated quickly in the
vicinity of the tumor tissue via the EPR effect. Later these
micelles are internalized into tumor cells by folate receptors mediated endocytosis. Implantable nanofiber device
is capable of maintaining low systemic drug exposure to
normal tissues as it can ensure therapeutic drug levels at
the tumor site for a longer period though they are loaded
with a low dosage of the drug. Moreover, it could be
concluded that with this kind of implantable device system dosing frequency can be reduced which in turn can
potentially improve the quality of life and enhance compliance of the patient [110].
Another study was carried out by Rengifo et al. where
nanofibers mats were prepared using PEO-chitosan and
were loaded with carboxymethyl-hexanoyl chitosan/
dodecyl sulfate nanoparticles loaded with pyrazoline.
Nanofiber mats and nanoparticles formed double barrier
nanomaterial which showed sustained and continuous
release of the active material. Reduced IC50 was achieved
with nanoparticle-loaded nanofiber for the treatment of
skin cancer. The combination approach was proven beneficial in terms of enhanced effectiveness of the active

Fig. 5 PEO-Chitosan Nanofibers employed for the management of skin cancer. Reproduced with permission from Rengifo et al. [103]
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compound for the treatment of skin cancer [111]. Figure 5 is a graphical representation of the above-mentioned study.
Balashanmugam et al. developed nanofibers-based
scaffolds using biocompatible and non-toxic synthetic
polymers [PVA, PCL] with phytosynthesized AuNPs and
curcumin for the treatment of skin cancer. The results
from their study have confirmed the anticancer activity of
the developed formulation on skin cancer cell lines [A375
skin cancer cell line]. The treatment with nanofibers in
cancer cells exhibited more cytotoxicity than in the normal cells [s 3 T3 fibroblast] where similar concentrations
were used thereby proving selective toxicity [112].
Overcoming challenges with nanoformulations

Many industries and governments are investing huge
amounts and in-depth research is being undertaken on
nanotechnology for cancer treatment since the last decade. However, nanoformulations face the problem of
getting translated into clinical practice. There are many
scientific publications regarding the development of the
nanoformulation for the treatment of cancer, but they are
barely at the stage of in vivo clinical evaluation. Very few
nanoformulations can successfully reach the clinical trial
phase. Integrating expert input from various fields is also
a challenging task. There is a requirement of clear regulatory guidelines, focused efforts of relevant discipline, and
identification of gaps in current knowledge to translate
nanotechnology-based therapies into clinically marketable products. Nanoformulations face challenges like bioadhesiveness, permeation into tumor tissue, controlled
release of the drug, and toxicity for which scientists have
given few solutions. However, they are to be explored in
detail, taking regulatory requirements into the consideration. Table 3 shows some strategies explored by scientists
for targeting skin cancer.
New biological approaches

While nanoparticulate systems developed using lipids,
polymers and surfactants have progressed tremendously, topical delivery of therapeutic peptides, proteins,
and nucleic acids using such delivery vehicles has also
advanced along with the application of small molecule
drugs. Apart from that, newer biological approaches
utilizing biologicals (proteins and peptides including
antibodies and nucleic acids as drug carriers have also
evolved. Such few systems are Framework nucleic acid
(FNA) and protein-drug conjugates or peptide drug
conjugates.
One new nucleic acid based nanoparticulate delivery
system which has shown great potential for topical delivery is spherical nucleic acids (SNAs). SNAs are core–shell
type nanostructures made of gold nanoparticulate core
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densely covered with nucleic acid molecules which can
be siRNA, mRNA, or oligonucleotide. Studies have established their topical delivery potential for therapeutic/
diagnostic use in which SNAs can cross stratum corneum
and epidermal layers and reach the dermis [113–115].
Zheng et al. [116] carried out proof-of-concept studies
with SNAs for delivery of EGFR siRNA for topical gene
regulation which otherwise would require skin barrier breaching or transfection agents such as liposomes
or viruses. They showed SNAs showed higher potency
(> 100 times more) and sustained gene suppression compared to lipid agents in vitro. They were able to permeate
through mouse skin and human epidermis within hours
of topical application, however, in vivo in mice they did
not show any systemic absorption and were not detected
in internal organs. They concluded that such SNAs may
be promising for topical gene delivery for cutaneous
tumors and other inflammatory conditions. Another
study by Nemati et al. evaluated SNAs of EGF and EGFR
siRNAs (~ 12 nm size with − 28 mV zeta potential) for
topical delivery for psoriasis treatment [117]. Thorough
in vitro and in vivo evaluation of safety and efficacy was
carried out. SNAs were able to inhibit cell proliferation in
an imiquimod-based mouse model of psoriasis. A recent
study by Yeo et al. showed SNAs made of an oligonucleotide with a small fluorophore-tagged reporter sequence
attached to a larger recognition sequence [115]. These
SNAs (termed NanoFlares) are used to detect abnormal
scar tissue after topical application, which is accomplished by quenching of reporter sequence signal by the
presence of target mRNA sequence in skin tissue. In all
the above studies, researchers were able to incorporate
SNAs in commercially available petrolatum-based moisturizer Aquaphor® without any issues for topical application. While there are no reports of topically delivered
SNAs for the treatment of skin cancers, the above proofof-concept studies strongly warrant their therapeutic
potential in skin cancer.
Progress made in the field of SNAs also triggered similar concepts of utilizing nucleic acids for topical delivery
of drugs as well in which nucleic acid can act as a carrier
for other drugs. An apt example is FNAs which represent
a 3D network of single-stranded deoxyribonucleic acid
molecules to generate nanoparticulate structural features
which can be utilized for drug delivery [118, 119]. These
structures differ in their DNA spatial arrangements giving different sizes and shapes. Recently, such DNA origami structures have been successfully employed as
topical diagnostic tools to detect abnormal scar detection. A recent study by Wiraja et al. evaluated the topical application of various FNAs of different particle sizes
(from 20 to 200 nm) and different configurations (tetrahedral, nanotubes etc.) on penetration in mice, pigs, and

Docetaxel

Doxorubicin

Camptothecin

Cisplatin

Vertoporphyrin

Aluminum chloride phthalocyanine Cellular toxicity

Micelle loaded nanocapsules

NO generating liposome

Magnetic Nanoparticles

Dendrimeric Nanobomb

Mesoporous silica Nanoparticles

Solid Lipid Nanoparticles

Cellular toxicity

Enhance tumor penetration and
therapeutic efficacy

Controlled drug release

Controlled drug release

Tumor penetration

Tumor penetration

Docetaxel

Spiropyran nanoparticles

Target

Drug

Nano-carrier

Table 3 Nanoparticulate strategies used and outcome for targeting skin cancer

Drug loaded magnetic nanoparticle of 150 nm size form cluster
by assembling or dissembling
under the exposure of dynamic
magnetic field

Doxorubicin-loaded Polyamidoamine dendrimers and NO
donating nitrosoglutathione
liposomes incorporated in single
large nanocarrier and targeted
to tumors. Providing ultrasound
therapy, large nanocarrier was
ruptured to release dendrimers
and liposomes

Pea like nanocapsule for the transport of drug loaded micelles can
be targeted to tumor cells, activated by near infrared (808 nm)
radiation

Nanoparticles perceptively
contract to 49 nm from around
100 nm upon ultraviolet (UV)
exposure

Outcome

[128, 129]

[127]

[126]

[124, 125]

References

Laser Irradiation

Laser Irradiation

Doubling the laser light radiation at [132]
1.0 J/cm-2 showed higher phototoxicity of NPs. Cellular viability
remains the same after exposure
to free photosensitizer

120 s and 180 s infrared irradiation [131]
showed 50–70% reduction in cell
proliferation

Modulation of tumor microenviron- Weakly acidic microenvironment
[130]
ment
of tumor triggers the change in
size (at neutral pH 80 nm and at
tumor site less than 10 nm) of the
drug loaded dendrimer particles
accumulate at the tumor

Size modification

Size modification

Size modification

Size modification

Strategy for drug delivery
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Drug

Ferrous chlorophyllin

Metoxantrone

Chlorine 6 and Docetaxel

Curcumin and topotecan

Docetaxel

Phthalocyanine with dabrafenib
and trametinib

Nano-carrier

Transethosomes

PEGylated Gold NPs

Polymeric Nanoparticles

Nanocapsule nanoconjugate and
Microbubble”

PEGylated gold nanorod and
micelles

Mesoporous silica nanoparticles

Table 3 (continued)

Tissue penetration and controlled
drug release

Cellular necrosis

Growth rate of Tumor and toxicity

Cellular apoptosis

Tumor targeting

Target

Microneedle

Microneedle

Ultrasound

Ultrasound

Laser Irradiation

Laser Irradiation

Strategy for drug delivery

For initial 10 min there was no
marked dissimilarity in the
amount of nanoparticles in
microneedle treated and
untreated skin. However, skin
penetration rate of NP increased
in microneedle treated group to
63% in comparison with 27.2%
for treatment without microneedle

Microneedle and photothermal
therapy was combined which
showed better efficacy as
compared to non-combined
treatments

Ultrasound leads to mild
hyperthermia which leads to
reduction in tumor growth rate
by non-coagulative necrosis
mechanism. 93% animals treated
with ultrasound survived, where
in case of untreated animals the
survival rate was 26%

[138]

[137]

[136]

[135]

[134]

At a radiant exposure of 1.3 J/cm2
and drug concentration of 6 μM,
the maximum photodynamic
therapy efficacy was observed
from the nanoparticles
NP treatment was given with
ultrasound exposure showed
higher rate of apoptosis and
cellular necrosis. After sonodynamic therapy increased levels
of ROS were observed which are
responsible for cellular necrosis
by mitochondrial damage

[133]

References

50% mice showed complete
disappearance of tumor within
2 months and almost all animals
showed significant reduction in
tumor volume over the period
of 7 days after in vivo treatment
with photodynamic therapy

Outcome
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Drug

Cisplatin

Dasatinib

Vismodegib

Paclitaxel

Nano-carrier

pH-responsive lipid nanoparticles

Micelle

Ultradeformable liposomes

Transferosomes

Table 3 (continued)

R8H3 as CPP

Hyaluronic acid

Tumor tissue specification and
improved circulation time with
tumor accumulation

Cytotoxicity

Target

Ligand Functionalization

Ligand Functionalization

Microneedle

Strategy for drug delivery

Better penetration of chemotherapeutic agents in the skin was
achieved. Increased efficiency
to penetrate tumor stroma and
transport though tumor cell
was achieved with hydrogel of
transferosomes

Liposomes were functionalized
to target specific binding sites
on receptors present on tumor
surface

Better tumor targeting was
achieved as compared to the
non-functionalized micelles

Xenograft tumor model exhibited
reduced tumor weight and
volume after treatments with
microneedle and NP. Apoptosis
and tumor cell cytotoxicity were
also significantly increased

Outcome

[114]

[113]

[140]

[139]
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humans [120]. There was a size- and shape-dependence
of skin penetration among different FNAs with 20 nm
tetrahedral FNAs showing penetration depth of up to
350 μ while retaining their integrity as indicated by
FRET-incorporated FNAs. A comparison was also made
between the doxorubicin loaded FNAs (TH21—tetrahedral FNAs with ~ 20 nm size) with other nanoparticulate
systems such as liposomes, PLGA nanoparticles, and
with free drug applied on intact skin and microneedle
bored skin. Results demonstrated that despite lower drug
loading compared to PLGA nanoparticles and liposomes,
they were able to carry more drug across skin providing
more penetration depth and also improving tumor burden in a melanoma tumor model in mice. In vivo, topical application of doxorubicin using FNAs for treatment
of melanoma tumors showed enhanced performance (2
times inhibition compared to other nanocarriers such as
polymeric nanoparticles or liposomes). Also, the FNAs
themselves did not cause safety concerns as shown by
minimal effects to the skin morphology. Same group
claimed that use these FNAs for doxorubicin delivery
through skin for melanoma treatment opens up a new era
in drug delivery systems for nucleic acids being used as
drug delivery carrier rather than being just therapeutic
molecules [121].
Another field that has seen rapid growth is the use
of cell-penetrating peptides (CPPs) which offer safer
options for drug delivery across skin (so-called SPPs i.e.
skin penetrating peptides). Usually, these peptides bear
common features of having an arginine-rich structure
and cationic nature. Kumar et al. compared different
SPPs (SPACE peptide, TD-1, polyarginine, a dermislocalizing peptide, and skin penetrating linear peptide)
for delivery of a model drug (cyclosporin A) to understand their mechanism. The study suggested that among
these, SPACE, TD-1, and polyarginine enhanced drug
penetration better than the other two. They did so, not
by disrupting the lipid barrier of the skin, but by altering
the skin proteins’ secondary structures and enhancing
transcellular absorption of cyclosporin A. More interestingly, their interaction with keratin is better correlated
with drug transport. Other studies by Chen et al. have
established the potential of CPPs as carriers for topical application for siRNA and cyclosporine A [122]. A
more recent study demonstrated a specific CPP (IMTP8- Institute of Microbial Technology-Peptide 8 with
peptide sequence of RRWRRWNRFNRRRCR) is able to
carry different cargos more effectively across skin than
TAT peptide (GRKKRRQRRRPPQ) [123]. Also, in vivo
studies in mouse showed that IMT-P8 was able to deliver
a range of cargos (FITC–a small molecule, KLA—a proapoptotic peptide, and GFP–green fluorescent protein).
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These studies provide a groundwork that similar strategies can be used for melanoma treatment using suitable
drug molecules.

Conclusions
Nanotechnology is beneficial in achieving the desired
rate of release and skin targeting by modifying permeation and penetration of active substances. Improved
retention in the skin ensures drug localization in the
stratum corneum and protection of drugs against
chemical or physical changes. Nano-formulations can
empower the clinician to safely and effectively target
multiple therapeutics to the resistant oncogenic tissues; where they can display synergy, complement
therapeutics with diagnostics to achieve better therapeutic outcomes. Enormous research is being directed
towards the development of carrier based therapeutics
for immunologicals and nucleic acids for effective treatment of melanoma/ skin cancer. The research output is
too promising in treating melanoma effectively. However, there are a few challenges like the toxicity of the
nanoformulation, dose determination, cost-effectiveness, etc. are remaining to be resolved and a challenge
for its bedside translation. The economics can tilt in
the favour of nanoformulations because of their innumerable benefits. For oral and parenteral routes, nanoformulations have entered the market with regulatory
approval and it is expected that topical nanoformulations too will be commercialized successfully in near
future. Thus, the development of nanoformulations
holds lots of promises for future skin cancer therapy.
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