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A broad range of topical antifungal formulations containing miconazole or terbinafine as actives are commonly used as
efficacious choices for combating fungal skin infections. Their many benefits, owing to their specific mechanism of action,
include their ability to target the site of infection, enhance treatment efficacy and reduce the risk of systemic side effects.
Their proven efficacy, and positioning in the treatment of fungal skin infections, is enhanced by high patient compliance,
especially when appropriate vehicles such as creams, ointments and gels are used.
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| 1. Introduction: The Human Skin and Fungal Infections

Human skin is a dynamic and multifunctional organ that provides a physical barrier against the hostile external
environment through its highly organised and intricate landscape W2IEl, The skin’s landscape is fundamentally composed
of three well-integrated features that encompass the following: (1) a specialised, heterogeneous, interlocking, three-
layered interface consisting of the outermost epidermis, middle dermis and innermost hypodermis RIEI4IE: (2)
indispensable adnexal structures including sweat glands, sebaceous glands and hair follicles RIEI4IE: and (3) mechanical
elasticity and stability [WBIB! Essentially, the skin protects our body from attack by harmful chemicals and pathogens,
defends against ultraviolet (UV) radiation and mechanical insults, prevents dehydration and overhydration, controls
thermoregulation and allows us to perceive the world around us through a highly innervated surface B8l Although the
skin functions defensively to keep harmful microbes out, it simultaneously provides a protective niche for its highly
abundant, native resident microbiome [El—a complex and diverse set of microorganisms, consisting primarily of bacteria [
B9 and fungi (mycobiota) LY byt also harbours parasites and viruses as well 12, These skin inhabitants 3 can be
commensal, symbiotic, opportunistic, or even pathogenic BIZBIGILOIL and can interact with the skin in numerous ways.
Some live predominantly in symbiosis and provide the skin with a variety of benefits (e.g., maintaining skin homeostasis),
while others can be deleterious (e.g., lead to opportunistic infection, disease) [Ell14, depending on a multitude of intrinsic
(e.g., age, genetics, immunity, hydration, sebum levels, metabolism) 212 and extrinsic (e.g., hygiene and beauty routine,
exposure to chemicals and sunlight, climate) factors [2I[LL12[15]

The diverse environments found on the human skin can have a significant effect on the number or type of microorganisms
that are found. For example, moist or humid body sites (e.g., the axilla, groin, toe web) usually create favourable
conditions for fungal and microbial growth, and are therefore, often colonised by numerous microorganisms, while dry
body sites (e.g., the forearms, legs) are not so microbiologically diverse. Similarly, areas of the skin with a considerable
number of sebaceous glands (e.g., the head and neck) provide an optimal environment for many lipophilic
microorganisms (e.g., the genus Malassezia) 12 In addition, the skin’s microbiome can also be affected by exogenous
factors: exposure of the skin to UV radiation from the sun, for instance, can disturb the genetic and structural variability of
the skin’s microbiome, resulting in susceptibility to microbial infections or exacerbating already existing symptoms 121,

The numerous fungi that colonise the surface of the skin, including those generally innocuous (e.g., genera Malassezia)
and those that are pathogenic (e.g., dermatophytes, genera Candida), are characterised by phylogenetic divergence 19
(LUI6II7ILE] pespite their differences, they all have a structurally complex hallmark feature known as the cell wall, which is
primarily made of a variety of polysaccharides (e.g., glucans, chitin) and (glyco)proteins (e.g., NO-linked oligosaccharides)
19, Their cell membrane is structurally quite unique as well, since it contains ergosterol, a major membrane lipid that is
absent in animals and plants 2%, The fungal cell wall synthesis and maintenance involve a considerable number of
biosynthetic and signaling pathways 22 and it safeguards the contents of the fungal cell from different stresses, gives it
rigidity and integrity, and defines its structure and shape 29,

The ‘give-and-take’ interaction between the mycobiota, host skin cells, and the immune system is responsible for
maintaining skin health, and a disruption of this delicate balance by altering skin barrier or invasive attack by harmful
pathogens can lead to impaired and compromised skin function and subsequently result in fungal infection of the skin,



known as mycosis Bl Overall, there are two types of skin mycoses: (1) the common superficial type, and (2) the less
common deep, invasive and systemic type 2122 The majority of superficial fungi that reside on the skin, hair and nails
degrade keratin—a structural protein responsible for maintaining the skin’s structural stability and integrity 23l—and utilise
it as a nutrient source for their growth 2212511261 \when a fungal cell invades the skin surface—specifically the cornified top
layer of the epidermis rich in keratin—, it produces keratinase enzyme, which degrades the tissue and ultimately causes
skin inflammation that is often accompanied by pruritus (itch) 24251281 These types of fungi are known as keratinophilic
dermatophytes, which include several fungi under the genera Epidermophyton, Microsporum and Trichophyton, and can
cause several contagious superficial fungal skin infections (dermatomycoses) of various body regions. These include
Tinea corporis (ringworm, a localised or solitary ring-like rash on the body), Tinea pedis (athlete’s foot, a fungal infection
between toes), Tinea unguium (fungal infection of the toenails and fingernails—onychomycosis), Tinea cruris (jock itch, a
fungal infection of the groin area) and Tinea capitis (a fungal infection of the head or scalp) [241251[26](27][28]

Genera Candida can cause severe fungal infections such as candidiases. Approximately, twenty species of Candida are
responsible for human skin infections, and the most common species is the yeast-like fungus, Candida albicans, which
can cause both superficial and systemic types of fungal infections (22271291 The overgrowth of Candida albicans can
cause severe mucosal and dermal thrush, nappy rash, and genital infection 2289, Hyperkeratosis (thickening of the
epidermal outermost layer, the stratum corneum, often associated with a keratin abnormality) and epidermal hypertrophy
(increased thickness of the keratinocyte layers) persistent with inflammation are diagnostic symptoms for fungal infection
caused by the candida species [23,

Since fungi are classified as eukaryotes and, as such, have a complex cellular structure and organisation; many
biochemical and cellular processes take place in a similar way as in human cells 1. Therefore, it is challenging to
develop antifungal/antimycotic drug formulations with high selectivity and efficacy, but low side effects in human cells 22,
However, the two key differences between fungal and human cells are the existence of both a cell wall 22 and ergosterol
in fungi 2. with this in mind, most, if not all, antifungals, including those used in topical vehicle formulations (e.g.,
creams, ointments, gels) 22831 are aimed at degrading or disrupting the cell wall or cell membrane (and its individual
components) of the fungus to inhibit its key biosynthetic pathways and mechanism of infection, and eventually cause
fungal cell death 25, There are five main classes of antifungals: (1) azoles (e.g., miconazole); (2) allylamines (e.g.,
terbinafine); (3) polyenes (e.g., nystatin); (4) echinocandins (e.g., caspofungin); and (5) antimetabolites (e.g., flucytosine)
that are readily used to combat a spectrum of mycoses including dermatomycoses and candidiases 23341351 Today,
these antifungals [2234I35] zre often combined with corticosteroids of varying potencies B8IB7E8 jn order to
simultaneously alleviate inflammation [BAMAM4L  diminish the itch-scratch cycle BAAAALE2  |imit spreading and
subsequently suppress fungal infection B0 The combination of topical antifungal actives with corticosteroids
represents a potentially hugely beneficial treatment strategy for fungal infection, as the inflammatory component of the
infection can often exacerbate the condition and impede its resolution.

| 2. Topical Antifungal-Corticosteroid Combinations
2.1. Setting the Scene: The Need for Antifungal-Corticosteroid Combinations

During a superficial mycosis or dermatomycosis such as athlete’s foot or jock itch [24l25]26]1271[28] ' the degradation of
keratin via the release of an arsenal of hydrolytic enzymes (including keratinases such as subtilisin-like proteases and
dipeptidyl peptidases) 431144 triggers a skin-specific immune response 4], Subsequently, it results in the release of pro-
inflammatory mediators such as tumor necrosis factor (TNF) and interleukin 6 (IL-6) among many others 3244l This in
turn causes inflammatory symptoms such as pruritus, erythema, swelling and burning at the site of infection. Not only can
these symptoms cause substantial discomfort, scratching and even sporadic pain, they can also decrease patient
adherence to treatment, ultimately leaving the skin damaged, compromised and susceptible to secondary fungal or
bacterial infection, or bacterial superinfection B, As such, antifungal treatment strategies should ideally incorporate
topical corticosteroids [B24AI41I145] 5 g|leviate the inflammation associated with superficial mycoses [B24041145] gy ch
strategies BAMAMLES] shoyld ideally contain an antifungal component to simultaneously treat the fungal infection and a
corticosteroid component to manage varying degrees of inflammation and associated pruritus 2494145 (Figure 1). By
reducing inflammation and pruritus, topical corticosteroids can reduce the spread of infection and the risk of secondary
infection, and ultimately result in a faster and more desirable clinical outcome B2, It is plausible that the initial suppression
of the immune system caused by topical corticosteroid actives causes the infection to temporarily increase its growth rate,
ultimately leading to increased uptake of the antifungal active, which in turn produces a more efficient antifungal action.



THE NEED FORMULATION
[AND lNVENTIONl DIV ERETY l DESIGN ]

BENEFITIAL ANTIFUNGAL-CORTICOSTEROID POTENTIAL
TRAITS COMBINATIONS DRAWBACKS

1
1
1
1
1
1
1
1
1
1
:
INFLAMMATION 1
FUNGAL :
INFECTION PRURITUS :
1

1

1

1

1

1

1

1

1

1

1

MECHANISM OF || SPECTRUM CLINICAL SELECTION POTENCY CLINICAL
ACTION (MoA) OF ACTIVITY || INDICATIONS RATINGS INDICATIONS

ANTIFUNGALS:

| CORTICOSTEROIDS |
MICONAZOLE AND TERBINAFINE

PRECAUTIONS AND
POTENTIAL RISKS

PRECAUTIONS AND
POTENTIAL RISKS

Figure 1. Topical antifungal-corticosteroid combinations as innovative and emerging approaches to the treatment of
various fungal infections associated with inflammation and pruritus E404L45]

2.2. The Diversity and Use of Existing Antifungal-Corticosteroid Combinations

Although topical antifungals and corticosteroids are available in a broad range of single-active formulations, there are a
relatively small number of topical formulations available that combine the two classes of active, especially for the
treatment of superficial dermatomycoses of the feet, scalp, and other regions of the body, for both children and adults B,
An initial twice-daily application of a topical antifungal plus corticosteroid for 1-2 weeks duration is recommended for
localised inflammatory, superficial fungal infections of the body (excluding the areas of the body with thinner skin such as
the face and groin) and feet B9, For mild-to-moderate inflamed infections, an antifungal (preferably azoles such as
miconazole and clotrimazole) in combination with a mild-to-moderate corticosteroid such as hydrocortisone or
clobetasone is usually sufficient B4, For example, a clotrimazole-hydrocortisone combination is the preferred treatment
option in children with inflammatory superficial mycoses due to the tolerability and safety of topical hydrocortisone 21461,
In fact, the efficacy and safety of hydrocortisone in combination with miconazole has long been established: treatment
with Daktacort® cream (containing 2% miconazole plus 1% hydrocortisone) in patients with inflamed skin infections of
mycotic or bacterial origin induced a significant improvement in suppressing inflammation and was superior to individual
treatments with miconazole or hydrocortisone 2. For severely inflamed infections, an antifungal (again, preferably azole
class as isoconazole) in combination with a potent corticosteroid such as diflucortolone, betamethasone, or clobetasol, is
recommended B4 Fyurthermore, some of these topical combinations also contain antibacterial components such as
neomycin and gentamycin to reduce the risk of bacterial superinfection 411,

Some studies BA4M45] have shown that there is no significant difference in the resolution of Tinea cruris and Tinea
corporis infection between treatments using an antifungal-corticosteroid combination (e.g., azole class antifungal-
corticosteroid) and an antifungal alone (e.g., azole class) B24145] However, the key conclusion drawn from all of these
studies is that an antifungal-corticosteroid combination demonstrates more rapid therapeutic activity and is more effective
in achieving clinical resolution than a topical antifungal alone 2.

2.3. Emerging Antifungal-Corticosteroid Combinations: Rationale and Formulation Design

Due to their superiority to other antifungals, azoles (e.g., miconazole) and allylamines (e.g., terbinafine) are widely used in
antifungal-corticosteroid combinations. Both types of antifungals are used at different potencies (e.g., clotrimazole 1%,
miconazole/miconazole nitrate 2%, terbinafine/terbinafine hydrochloride 1%) and different dosing regimens 451481 and
both seek to disrupt different parts or intermediate stages of the ergosterol synthesis pathway, resulting in changes to the
cell membrane that in turn inhibit fungal growth and thus lead to fungal cell death 2914950 The potency of the
corticosteroids used in these types of combination can vary (e.g., hydrocortisone/hydrocortisone acetate 0.5% or 1%,
clobetasone/clobetasone butyrate 0.05%, clobetasol/clobetasol propionate 0.05%, mometasone furoate 0.1%), so careful
consideration should be given to the appropriate potency for the condition, alongside their efficacy and safety profile 22151
(Figure 2).



ANTIFUNGAL CORTICOSTEROID VEHICLE EXISTING or EMERGING
FORMULATION COMBINATION
HYDROCORTISONE/HYDROCORTISONE ACETATE (0.5% or 1%) Cream, Gel, Ointment EXISTING
CLOBETASONE/CLOBETASONE BUTYRATE (0.05%) - EMERGING
MICONAZOLE/MICONAZOLE NITRATE (2%)
CLOBETASOL/CLOBETASOL PROPIONATE (0.05%) Cream, Ointment EXISTING
MOMETASONE FUROATE (0.1%) Ointment EXISTING
HYDROCORTISONE/HYDROCORTISONE ACETATE (0.5% or 1%) Cream EXISTING
CLOBETASONE/CLOBETASONE BUTYRATE (0.05%) - EMERGING
TERBINAFINE/TERBINAFINE HYDROCHLORIDE (1%)
CLOBETASOL/CLOBETASOL PROPIONATE (0.05%) Cream, Ointment EXISTING
MOMETASONE FUROATE (0.1%) - EMERGING

Figure 2. Existing and emerging topical antifungal-corticosteroid formulations containing a combination of azoles (e.g.,

miconazole) or allylamines (e.g., terbinafine) and selected corticosteroids of varying potency and percentage [S2[411[45](51]
[52]

2.4. Choosing a Topical Vehicle Formulation for the Delivery of Antifungal-Corticosteroid
Combinations

The ideal topical antifungal-corticosteroid combination BELUMSIBLB2 s one that produces a rapid and effective anti-
inflammatory response, a high-resolution rate, a low relapse rate, has high patient compliance, a short duration of action,
and causes minimal or no adverse effects 43, The choice of topical antifungal-corticosteroid combination administered to
a patient should be specific and tailored according to individual needs and must be used appropriately and according to
treatment recommendations and guidelines 241, Single-active vehicle formulations such as creams, ointments and gels
that contain either antifungals or corticosteroids alone have been widely used in the treatment of various skin conditions
(36]145][48][511[53] The choice of vehicle formulation will depend on the specific characteristics of the fungal infection (i.e., the
body area infected, the total surface area of the infection and degree of inflammation, and the overall severity) on the one
hand and the specific characteristics of the patient (i.e., age and the presence of underlying comorbidities, if any) on the
other B4, The most commonly used vehicle formulations for topical antifungal-corticosteroid combinations are creams,
ointments and gels [211143],

2.4.1. Creams

Creams are emulsions of oil dispersed in water, or less commonly water dispersed in oil. They have good hydrating and
emollient qualities; their ability to absorb into the superficial layers of the skin and their relatively high water content makes
them cosmetically appealing. Creams are generally less efficacious than ointments when it comes to hydrating capacity
due to shorter contact time, and also tend to not be the vehicle of choice for topical drug delivery for the same reason.
However, creams are useful in intertriginous areas of the body (e.g., the axilla of the arm) where ointments may not be
used. However, creams do not provide the occlusive effects that ointments provide B2I33],

2.4.2. Ointments

On the other hand, ointments generally consist of a ‘greasy’ hydrophobic base, usually white soft paraffin, which forms an
occlusive layer over the skin. Ointments are effective in enhancing the percutaneous absorption of topical actives by
increasing the hydration, and thus barrier function, of the skin. Their long contact time also usually makes them the
vehicle of choice for topical drug delivery, including antifungal-corticosteroid combinations. Compared to creams and gels,
ointments are generally the least spreadable of the three. The greasy nature of ointments can sometimes limit patient
compliance and they are not always cosmetically appealing, particularly on hair-bearing skin 32331,

2.4.3. Gels

Gels, which include hydrogels, are usually water-based, and consist of transparent lattices of organic macromolecules.
They tend to be thick and liquefy on contact with warm skin, providing a pleasant sensation. They dry to form a thin film
that does not stain or leave behind a greasy texture and surface evaporation of the water within the formulation creates a
cooling effect, which can be beneficial for skin prone to pruritus. These features make gels one of the more cosmetically
pleasing topical vehicles. Gels are both easy to apply and wash off. They are particularly suitable for use in sebum-rich
oily areas, such as the face, and also in hairy areas of the body [32I[231(54],

2.5. Misuse of Topical Antifungal-Corticosteroid Combinations

While the combination of topical antifungals with corticosteroids is an obvious choice in terms of treatment efficacy, it does
still pose questions around safety, especially if misuse or even overuse occurs due to inadequate training or regulatory
guidance on use. In India for example, combination formulations containing topical antifungals and corticosteroids are
easily available over the counter (OTC) and are widely used without strict enforcement of existing drug regulations or



supetrvision by a trained healthcare professional 44, Furthermore, many of these antifungal-corticosteroid combinations
are significantly cheaper than single-active antifungal formulations, and provide quick symptomatic relief, meaning they
are often the go-to choice, even if the fungal infection being treated does not have any associated inflammation. These
combination formulations account for over 50% of the sales of all topical corticosteroids available on the Indian market (411,
Some local or even systemic side effects have been documented, most often linked to misuse such as the prolonged use
of medium to high-potency corticosteroids (e.g., clobetasol), especially on the face, or use on large surface body areas 4%
(41 However, it seems that the issue is not with these topical combinations themselves and any inherent safety concerns,
rather, the issue of safety relates to the education of both patients and healthcare professionals as to appropriate usage,
and also regulatory oversight to minimise (or even eradicate if possible) misuse and potential overuse.
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