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Abstract: Topical treatments are essential approaches to skin diseases but are associated with poor
adherence. Topical vehicles have the primary purpose of ensuring drug effectiveness (by modulating
drug stability and delivery, as well as skin properties) but have a marked impact on treatment
outcomes as they influence patient satisfaction and, consequently, adherence to topical treatments.
There is also a wide variety of vehicles available for topical formulations, which can complicate the
decisions of clinicians regarding the most appropriate treatments for specific skin disorders. One of
the possible strategies to improve topical-treatment adherence is the implementation of patient-centric
drug-product design. In this process, the patient’s needs (e.g., those related to motor impairment),
the needs associated with the disease (according to the skin lesions’ characteristics), and the patient’s
preferences are taken into consideration and translated into a target product profile (TPP). Herein,
an overview of topical vehicles and their properties is presented, along with a discussion of the
patient-centric design of topical dermatological medicines and the proposal of TPPs for some of the

most common skin diseases.
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1. Introduction

Non-adherence to treatment is universally recognized as a public health problem. Non-
adherence leads to suboptimal health outcomes, lower quality of life, and higher healthcare
costs [1]. Poor adherence has been reported for several dermatological conditions [2-5]. The
World Health Organization (WHO) recommends that the determinants of non-adherence
are classified into five main dimensions: socioeconomic factors, health-care and system-
related factors, therapy-related factors, condition-related factors, and patient-related factors.
Topical treatments are widely used in dermatology and are the most commonly used thera-
peutic approaches [6]. However, several reports suggested low satisfaction with topical
treatments. For instance, patients with psoriasis consider topical therapy to be one of the
most negative aspects of the disease. Their satisfaction is significantly lower with this
treatment compared to systemic treatments [7]. The rates of adherence to topical treatments
are relatively low (50-70%) and have been related to poor cosmetic acceptability [8-10].
Satisfaction with topical treatment seems to be a key determinant of adherence [11], and
this is the rationale for prioritizing these formulations for inclusion in patient-centric drug-
product-design processes, thus contributing to the maximization of adherence. Iversen
et al. suggested that the improvement of the vehicles through which topical treatments are
applied has the potential to result in significant clinical and patient benefits [12]. Despite
technological advances, commercial drug products and clinical prescriptions of compound-
ing formulations are focused on a reduced number of vehicles.
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This review aims to address a variety of topical vehicles, the process of patient-centric
topical dermatological medicines’ design, and its relevance in dermatological treatments.

2. Vehicles/Bases Used in Topical Dermatological Treatments

Vehicles are mixtures of excipients that carry the drug to the administration site. Al-
though the term vehicle is commonly used for any dosage form, according to the European
Pharmacopoeia, it refers only to liquid formulations, while for semisolid dosage forms, the
official designation is base [13].

Topical vehicles/bases, i.e., products intended for application on the skin, scalp, or
nails, include solutions, emulsions, suspensions, ointments, creams, pastes, gels, foams,
sticks, and powders. They are designed to be inert and cosmetically acceptable, and most
have emollient and moisturizing properties. Creams and ointments are the commonly most
used bases in the treatment of skin disorders [10,14].

Liquid vehicles include solutions, suspensions, and emulsions, with variable viscosity
(Table 1) [15,16], and when they are applied topically, they are also known as lotions.
Solutions are defined as liquid formulations, in which a solute (or solutes) is (or are)
dispersed in a solvent at the molecular level. Solutions can be applied in several anatomic
areas, such as the body skin, scalp, or nails. Shampoos are liquid preparations that are
composed of a surfactant dispersion, suitable for scalp application.

Table 1. Characteristics of liquid vehicles [15,16].

Vehicle Composition Characteristics Examples

Solute (or solutes) dissolved in a

Solutions liquid solvent such as water, Clear and transparent Urea aqueous solution

alcohol, glycols, or oil
. . T 1 ;
. Insoluble powders dispersed in a [ransiucent or opaque . .
Suspensions liquid phase with time, the suspended Aqueous zinc suspension
qudp solids tend to settle

Homogeneous two-phase liquid

Emulsions systems of water, liquid oils, Opaque and homogeneous Lanette lotion

and emulsifying agents

Suspensions are liquid formulations in which insoluble solid particles are dispersed.
Usually, the particles tend to settle, and agitation before use is required.

Emulsions are homogeneous two-phase liquid systems, obtained from the dispersion
of immiscible liquids, wherein the internal phase is dispersed in droplets in the outer phase.
Depending on the composition of the internal and external phases, they are classified as
W/O emulsions (with oil as the outer and continuous phase) or O/W emulsions (with
water as the outer and continuous phase). The water- and oil-phase components and the
emulsifying system determine the type of emulsion and its occlusive properties. When
they are semisolid, they are called creams.

Semisolid bases allow drug retention at the application site and are usually easily
spread on the skin; most have lubricating and emollient properties. They consist of dif-
ferent types of bases that vary according to consistency and hydrophilicity/lipophilicity,
namely, hydrophobic, absorption, emulsions, hydrophilic, hydrogels, pastes, and foams
(Table 2) [15,16].
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Table 2. Characteristics of semisolid bases [15,16].

Base Composition Characteristics Examples

Emollients, occlusive, greasy, and

difficult to remove;
Solid and liquid paraffin, high retention on the skin;
. petrolatum, waxes, form an occlusive layer that o L
Hydrophobic triglycerides, vegetable oils, prevents water loss; Coal-tar-paraffin ointment
silicone oils rapid delivery of

hydrophilic drugs;

very low water absorption (<5%)

Water-absorbent components: ~ Emollient, occlusive, and greasy,

. lanolin; lanolin alcohols; albeit less than Hydrophilic ointment (USP)
Absorption

cholesterol; bees wax;
emulsifying agents

hydrophobic bases;
make emulsions by adding water;

or Cetylic ointment (PPh)

Water-in-oil (W/O) cream

Water, hydrocarbons, waxes,
polyethylene glycols, and
emulsifying agents

Water-in-oil two-phase system;
occlusive properties;
when applied to the skin, they
leave an oily film on the
surface of the skin

Cold cream (USP)
Cooling ointment (FNA)

Oil-in-water (O/W) cream

Water, hydrocarbons, waxes,
polyethylene glycols, and
emulsifying agents

Oil-in-water two-phase system;
non-occlusive;
non-greasy;
moisturizing and emollient effect

Lanette cream (BP)

Non-occlusive, non-oily,
and easily removable;

Anhydrous hydrophilic PEGs of dlffe.r ent exudate miscibility but Macrogol ointment
molecular weights o
hyperosmotic miscible;
low water absorption
Transparent aqueous
formulations with no grease;
Organic macromolecules or easy to apply and remove;
. . refreshing properties;
polymers dispersed in water: . ok
little moisturizing or
natural (xanthan gum, ) Carbomer gel
Hydrogels . . . . emollient effect;
alginate); semi-synthetics . Carboxymethylcellulose gel
AN may contain alcohol, so they are
(cellulose derivatives); . e
. likely to cause irritation and have
synthetics (carbomer) drvi .
rying ability;
the aqueous medium is
susceptible to degradation
Organic macromolecules or Moisturizing or emollient effect; . .
. . a2 12-hydroxystearic acid
Oleogels polymers dispersed in a leave an oily film on the surface of
. N . Oleogel
lipophilic oil the skin
High content of insoluble
Insoluble drug in an ointment powders; Zinc-oxide paste
Pastes or a hydrophilic base protective effect; Darier paste
ydrop drying effect; P
varied consistency and solubility
Pressurized solutions or fluid
Nonpolar hydrocarbons as emulsions mixed
propellants; Solvents include with a propellent;
Foams water, oils, ethanol, no need to spread the product Coal-tar foam (Scytera®)

acetone, hexadecyl alcohol,
glycol ethers, and polyglycols

and quick-drying;
low skin residue
low hydration or occlusive effect

USP, United States Pharmacopoeia; PPh, Portuguese Pharmacopoeia; PEG, Polyoxyethylene glycol; ENA, Neder-
land Formulary (Formularium der Nederlandse Apothekers); BP, British Pharmacopoeia.
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Ointments are one-phase preparations that comprise hydrophobic, absorption (or
water-emulsifying), and anhydrous hydrophilic bases, with the common property of low
water miscibility and an occlusive effect that varies with their composition. They have high
viscosity and low spreadability, and are difficult to wash off. Furthermore, W/O creams are
made of a lipophilic outer phase that incorporates water with the presence of W/O-type
emulsifying agents. They are emollient and slightly occlusive, and their greasiness depends
on the amount of oil phase (20-50%), which allows good absorption of liposoluble drugs,
such as corticosteroids, retinoids, and hormones. Additionally, O/W creams are composed
of an external water phase and O/W-type emulsifying agents. They are non-occlusive and
non-oily, easily applied, and removable (from the skin and hair). Based on the type of
surfactant, they can be divided into anionic and nonionic emulsions. Anionic emulsions
are reproducible and stable but can be also irritants due to their components (e.g., sodium
lauryl sulfate), and they may present some incompatibilities with the drugs incorporated.
Four classic emulsions, presented in ascending order of fat content, are Lanette lotion,
Beeler base cream, Lanette base cream, and hydrophilic ointment. Nonionic emulsions are
suitable for sensitive skin, since they are composed of non-irritating emulgents with low
fat contents and, therefore, exert milder effects on the skin.

Emerging emulsified vehicles/bases tend to be more compatible with the skin and
less aggressive than the more frequently prescribed anionic emulsions/creams. Thus, the
aims of current emulsions are to reduce of the number of ingredients, ensure the high
quality and purity of ingredients, avoid irritating or photosensitizing substances, perfumes,
and colorants, reduce the amount of preservatives, and ensure compatibility with the
physiological pH of the skin. Glycoside emulsions/creams have a low fat content and
include non-ionic and non-ethoxylated emulsifying agents that are compatible with the skin,
such as sugar-based emulsifying agents (esters of glucose or sucrose; polyglyceryl stearates),
which are better-tolerated [17]. They present very good organoleptic properties and they
are moisturizing, fluid, and suitable for facial areas and sensitive or reactive skin [18].
Cream gels or emulgels also have very good skin tolerance, as they are composed mainly
of water, a low-fat phase, and well-tolerated polymers (such as polyacrylate polymers) [19].
Water-in-silicon emulsions/creams have an outer phase composed of silicones instead
of fats. They form a water-repellent film with no oily residue, present good cosmetic
properties, and constitute non-comedogenic oil-free emulsions [20,21].

Gels are usually composed of a matrix of colloidal organic polymers that entrap the
solvent (if they are water-based, they are called hydrogels) and drug. Inorganic polymers
can also originate hydrogels with a semisolid consistency. Oleogels can be obtained through
the jellification of liquid oils with a bivalent soap or another organogelator. Recently, several
new organogelators were studied [22-24].

Pastes contain large amounts of insoluble powders in hydrophobic bases (the most
common) or hydrophilic bases. Both present drying and absorbent effects.

Foams are liquids or semisolids in special pressurized packages with a propellant
hydrocarbon, delivering the product through an actuated valve. They are easy to use on all
skin surfaces without spreading and, in general, leave no residue on the skin. Continuous
innovations have taken place in foam technology, which has moved from hydroethanolic-
based formulations to aqueous or emulsion-based foams [25,26].

Solid vehicles are probably the least commonly used vehicles in topical applications.
Powders are dry and fine solids and are frequently used for their drying and astringent
effects [15,16]. Solid sticks are prepared by molding and can have different compositions,
such as hydrophobic (a combination of waxes and oils), high-molecular-weight PEGs, or
soaps (sodium stearate). All solid sticks have the advantage of high drug stability and
sliding application of the drug.

Several authors have classified topical vehicles/bases according to their ingredients
and properties [27-31] but, in general, they do not relate them to skin disorders or patient
preferences. A patient-centric approach is crucial for obtaining maximum therapeutic
effectiveness and is further discussed in the context of dermatological medicines.
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3. Patient-Centric Topical-Medicine Design

Regulatory authorities are increasingly placing patients at the center of pharmaceu-
tical development. The European Medicines Agency (EMA, Amsterdam, Netherlands)
has issued guideline/reflection papers for pediatric [32,33] and older populations [34],
while the United States Food and Drug Administration (FDA, Silver Spring, MD, USA) has
developed a series of guidance documents on patient-focused drug development, with the
primary goal of incorporating the patient’s voice in drug development and evaluation [35],
as well as other research [36-38]. The International Council for Harmonization of Techni-
cal Requirements for Pharmaceuticals for Human Use (ICH, Geneva, Switzerland) also
published a guideline to advance patient-focused drug development [39]. Patient-centric
drug-product design (PCDPD, Wanchai, Hong Kong) can be defined as the process of iden-
tifying the comprehensive needs of individuals or target patient populations and utilizing
the identified needs to design pharmaceutical drug products that provide the best overall
benefit-to-risk profile for specific target patient populations for the intended duration of
treatment [40]. Patient-centric drug-product design is a stepwise approach (Figure 1) that
starts with the evaluation of patient preferences and needs to obtain the necessary patient
input to define the target product profile (TPP) [41,42]. It has been applied to the design of
oral pediatric formulations [43], solid dosage forms [44,45], and medications for the elderly,
as well as topical formulations, such as an emulgel for psoriasis [46]. Although PCDPD
can be applied at any stage of the drug-development lifecycle, this paper focuses on the
definition of TPP for topical formulations. Since topical medicines are often associated
with poor satisfaction, they are an obvious choice for the application of the PCDPD process.
Target product profiles are defined according to insights into patients, drugs, and drug
products collected with questionnaires or based on scientific research. The drug product is
then designed, prepared, and characterized concerning relevant features from the patient’s
perspective. At this point, the matching of its features to the TPP is evaluated and reformu-
lation takes place, if necessary. After obtaining the optimized formulations, the translation
into a higher level of patient satisfaction with the topical treatment in comparison with
standard treatment should be verified in a sample population (Figure 1). The putative
advantages include the satisfaction of unmet needs and higher satisfaction with treatment,
which in turn encourages better medication adherence and therapeutic outcomes [41].

NO| Does it match TPP? | YESﬁ

Patient Drug product Drug product Usability and patient
preferences/needs design/preparation characterization acceptability

P, Patient Production uestionnaires/sensory analysis
Scientificliterature 0 Relevant features from the Q ¢ ensory analy:
" . Drug environment patient perspective Comparison with standard
Questionnaires Drug product treatment

Figure 1. Patient-centric drug-product-design stepwise approach.

In a PCDPD approach, the patient’s perspective can be included in product develop-
ment at various stages, such as defining outcomes in clinical evaluation by establishing the
most significant symptoms, the tolerability of adverse effects, risk-benefit assessment, or
preferences for improving acceptability and adherence [39]. Even in the early development
phases, communication between multiple stakeholders during the product development
chain would help to meet patients’ needs, improving their quality of life [47].

When describing a drug product and its attributes for pharmaceutical development,
several dimensions must be taken into account to obtain a medicine that complies with
quality, efficacy, and safety requirements. The definition and prioritization of critical
attributes are performed through risk management, establishing the greatest impact on
the final product. The acceptability and usability assessment of the product is the main
key to patient-centric drug-design approaches. Stegemann et al. developed a roadmap to
achieve the TPP, which can be further integrated into the Quality-by-Design process during
the development phase, re-formulation, or other life-cycle phases of the drug product [48].
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Providing a TPP suitable for some groups of skin disorders, adverse effects, adherence,
usability, and acceptability represent the patient’s preferences and needs, which may also
affect the course of the disease.

3.1. Patient Preferences and Needs Regarding Topical Medicines
3.1.1. Patient- and Disease-Related Needs in Dermatology

The selection of vehicles/bases for dermatological treatments should consider the
type of skin lesion. Very dry lesions are lichenified (with thickening, darkening, pleating of
the skin) and xerotic. They require very occlusive vehicles to soften the skin. Dry lesions
(with scaling) represent a large proportion of skin pathologies and also require occlusive
vehicles, reducing the fat content, especially in the face and capillary zones. Subacute
lesions present intermediate characteristics between those of dry and wet lesions: scaling,
excoriations, and crusts. Vehicles/bases should be emollient but not overly occlusive to
reduce macerated skin. Wet lesions present erythema and edema, but are not exudative. In
these cases, vehicles/bases should not be occlusive, in order to avoid edema (with low or
no fat content). Furthermore, W/O emulsions are recommended for wet and interdigital
lesions and pastes present drying effect. For exudative lesions, drying vehicles/bases are
used (often containing antiseptics) and when they stop exuding, they are treated as wet
lesions. Solutions or hydrogels are the vehicles of choice [31].

The anatomic site determines the skin properties, namely the thickness, and vehicles
need to be customized [30]. The palmoplantar region presents thicker skin, while facial
and pleated areas are more permeable and, therefore, need different fat contents. Glabrous
areas, such as the trunk and limbs (when little hair-bearing) are considered intermediate
in terms of thickness. For nail pathologies, nail varnishes allow the easy application and
high retention of drugs. For hairy sites, the vehicles should facilitate the application and
removal of the product with reduced consistency and lipophilicity. The most common
vehicles are hydroalcoholic solutions, shampoos, hydrogels, and light and volatile oils.
In hyperkeratotic lesions with crust formation (as in psoriasis or seborrheic dermatitis)
due to the dry effects of solutions and when emulsions are not easily applied to the scalp,
heavy-oily solutions are applied overnight. In skin conditions, such as ichthyosis, psoriasis,
and atopic dermatitis, in which the epidermal barrier is damaged, excessive friction should
be avoided during the application of topical treatments. Topical preparations in these cases
should present specific attributes, such as ease of spread, and high pressure should not be
applied during their application [49].

Table 3 summarizes the recommended vehicles/bases according to anatomic site.

Table 3. Vehicle/base selection according to the type of lesion and body area.

Palmoplantar Glabrous Hairy Facial or Intertrigital
Hydrophobic ointments Hydrophobic ointments Oil solutions W/O emulsions
Very dry Absorption ointments Absorption ointments W/O emulsions O/W emulsions
W /O emulsions W/S emulsions
Hydrophobic ointments Absorption ointments Oil solutions W /O emulsions
Dry Absorption ointments W/O emulsions O/W emulsions O/W emulsions
W/O emulsions O/W emulsions W/S emulsions
Hydrophobic ointments W /O emulsions Oil solutions W/O emulsions
Subacute W /O emulsions O/W emulsions Shampoos O/W emulsions
O/W emulsions Hydrophobic pastes W/S emulsions
W /O emulsions O/W emulsions O/W emulsions O/W emulsions
Wet O/W emulsions Hydrogels Hydrogels
Aqueous solutions Hydrophilic pastes
Hydrogels Hydrogels Hydrogels Hydrogels
Exudative Aqueous solutions Aqueous solutions Aqueous solutions Aqueous solutions
Hydrophilic pastes Hydrophilic pastes Hydrophilic pastes

W/O, water-in-oil; O/W, oil-in-water; W/S, water-in-silicone.
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Furthermore, it is important to take into account the skin type during vehicle/base
selection for facial application. Facial skin and sensitive areas are critical, especially when
facing prolonged topical treatment. Dry skin needs some occlusion to increase hydration,
while oily skin needs the opposite. For sensitive or reactive skin, it is important to select
non-irritant excipients, such as non-ionic emulsifiers, and a more inert composition, such
as cream gels or glycoside emulsions. Table 4 suggests some vehicles that can be chosen,
especially for facial skin.

Table 4. Vehicle selection according to the facial-skin type.

Dry Skin Oily Skin Combination Skin Sensitive Skin
W/O cream O/W cream (<30% E.C.) O/W cream (<30% E.C.) O/W cream (>50% E.C.)
O/W cream (>50% E.C.) W/S cream W/S cream Oils
Emulgel . Glycoside cream
Hydrogel Glycoside cream Emulgel

W/O, water-in-oil; O/W, oil-in-water; W /S, water-in-silicone; F.C., fat content.

Ultimately, the purpose of a topical vehicle/base is to carry and deliver a drug, con-
tribute to its stability, retain the substance at the site of action, and facilitate its skin perme-
ation. However, regarding skin disorders, the vehicle can play a role that is complementary
to that of the drug [50] and contribute to the therapy by modulating the skin’s water
content [51-53], improving the lipid—skin barrier [54,55], or regenerating skin cells [56].
Van Zuuren et al. conducted a systematic review of five randomized clinical trials to assess
the effects of moisturizers on eczema and found that the moisturizing effect produced
better results when added to the drug than a placebo vehicle or no moisturizer [57]. The
use of enriched topical vehicles with non-drug substances to improve the skin barrier can
improve dermatitis and decrease the use of corticosteroids [58]. Hydrophilic bases and
cleansing lotions showed a better tolerance to benzoyl peroxide formulations by reducing
skin irritation [59,60]. The positive effect of the vehicle/base on skin-disorder treatment
still needs to be further explored.

In addition to their skin condition, the needs of the patient must also be accounted
for when prescribing the treatment regimen. When patients present with impairments in
motoric function (e.g., rheumatoid arthritis), the ability to open closure systems, squeeze
tubes, rub formulations onto the skin, or reach less accessible areas can be impaired.
In these cases, fluid vehicles are preferred, and the package should be easy to handle.
The elderly is also a special population presenting a variable degree of frailty. In cases
of blindness, packages should present braille inscriptions, whereas if a mild degree of
cognitive impairment is present, the instructions for use should be easy to understand, and
the packaging should be simple [61].

3.1.2. Patient Preferences for Topical Medicines

Several studies underlined that patient preferences need to be considered when prescrib-
ing topical treatments to maximize adherence and improve clinical outcomes [12,62—67]. The
topical application procedure includes four steps: (a) removal from a container (pick-up),
(b) the primary sensation upon the first contact with the skin, (c) the secondary sensation
during spreading on the skin, and (d) the final impression, through skin residue. Each
patient applies semisolid /liquid formulations to the skin with a slightly different motion
and their mechanical and sensory features are closely looked at by patients during topical
application [68]. The mechanical properties of different topical anti-psoriatic medicines
have been shown to vary substantially, demonstrating that topical vehicles can be per-
ceived in very different ways during their application on the skin [14]. Vehicles also differ
in their hydrophilic/lipophilic character, as mentioned before, which results in differences
between the sensations they create in the skin. Vehicle excipients can also influence skin
moisturization and tolerability [31]. All these differences can influence patient satisfaction
and justify, at least partially, their preferences.
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A limited number of studies have addressed patient preferences regarding topical
products. Patient preferences can vary according to the skin disease and the location of
the affected area [69]. For example, the preferences of acne patients (n = 19) were found to
be markedly different from those of patients suffering from atopic dermatitis (1 = 18) [69].
Regarding lesion location, patients might avoid using ointments in locations where their
clothes might come into contact with the medicated area to avoid staining their clothes.
A preference for more fluid forms for hairy regions, such as the scalp, is also common.
Furthermore, in one study, age group, ethnicity, and gender were also shown to influence
preferences for particular vehicles/bases (1 = 404) [70]. The patients younger than 40 years
preferred lotions, while patients aged over 40 preferred creams. An analysis based on
gender showed that females preferred creams, while males preferred lotions and ointments.
A strong preference for ointments was found in black-skinned patients, while for white-
skinned patients, cream was the preferred form. Few vehicles/bases were included in the
survey, and the reasons behind these preferences were not studied. Since it was established
that skin condition and anatomic location influence vehicle preference, the results obtained
without controlling these variables have limited value.

Fisher et al. studied the influence of ethnicity on vehicle preference for the scalp
and found that compared with Caucasian patients (n = 100), African American patients
(n = 100) mostly prefer ointments for treating scalp conditions over other topical prepara-
tions. A general assumption is that ointment will prevent hair shaft frizzing and drying [71].

Concerning vehicle-type preferences, acne patients were shown to tend to prefer
washes, creams, and lotions [62,72]. A conjoint analysis conducted to determine patient
preferences for topical antibiotic treatments for acne found that the patients preferred
gel formulations to lotions (n = 67) [73]. Interestingly, this analysis revealed that the
patients” experiences using the medications had a substantial effect on their reported
preferences. While hydrogels were not popular choices before treatment, they became
the preferred dosage form by far after ending the treatment. A new tretinoin lotion
formulated with a polymeric emulsion technology for the uniform delivery of micronized
tretinoin and moisturizing excipients was associated with fewer irritant effects and a greater
preference compared with a tretinoin cream [62]. The preferred attributes reported for acne
medications included: easy fo dispense/dispense the right amount, non-drying, product goes
on/spreads smoothly, no residue, and creamy [69].

Atopic dermatitis patients were shown to prefer creams [69]. When comparing differ-
ent leave-on emollients, the patients valued hydrating activity (67%), and greasiness (51%),
but not color or scent (n = 250) [74]. Atopic dermatitis patients considered the following
condition-specific features relevant [69]: is not noticeable to others/conceals area, good con-
sistency, cooling, no residue, and soothing effect. Attributes such as easy to apply (32%), easy
absorption (6.8%), and cooling effect (6.8%) were also noted in a study involving both patients
and caregivers (n = 103) [75]. Topical treatments were consistently described as being
greasy and/or messy, inconvenient to carry or travel with, and time-consuming to apply.
The burden described by both adolescents and caregivers in association with frequent
topical-treatment administration was higher than for adults, highlighting the influence of
demographics on patient preferences. Faster dermal absorption and the opportunity to test
samples were mentioned by adolescents (n = 15) as preferences regarding treatment-specific
attributes [76].

Systematic reviews summarize the findings of all the relevant individual studies and
thus provide a higher level of evidence. A systematic review that addressed atopic der-
matitis patients and caregivers found that the main preference factors for topical medicines
were odorless treatments, low visibility, and sparing use, with little impact on daily life [77].
However, these preferences were supported by low-certainty evidence when compared
with concerns about adverse effects. Fear of side effects, such as steroid phobia, can result
in non-adherence to medication; this is a major issue to be addressed in the patient-centric
design process by carefully selecting the drug and designing the vehicle to minimize the
most troublesome adverse skin effects [78].
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Patients with rosacea were reported to be neutral regarding their current
treatments [79,80] but frequently reported concerns, such as efficacy and side effects,
were not associated with treatment satisfaction (n = 216) [80]. Concerns about topical
treatments rather than preferences regarding topical attributes were evaluated in these
studies and, thus, specific preferences were not established. Application residue and, less
frequently, smell or texture were rated as formulation-dependent concerns by a minority of
the patients. More tolerable topical treatments that do not elicit burning, itch, and dryness
were identified as unmet needs. Foams with azelaic acid have been studied as therapeutic
alternatives to hydrogels, with azelaic acid or metronidazole showing good tolerability and
efficacy [79,80].

Satisfaction with topical treatment and vehicle preference has been more extensively
studied for psoriasis, probably because is a chronic disease with high prevalence and a
low treatment-adherence rate [81]. Psoriasis patients (1 = 17) have shown preferences for
creams, ointments, and foams (particularly for the scalp) [69]. A small study on 20 patients
showed that topical suspensions were preferred to ointments [82], which was consistent
with other findings demonstrating a low level of satisfaction with treatment with messy
ointments [83]. One of the attributes that were significantly highly rated for the suspension
was comfort under clothing. In other studies, possible solutions suggested by patients with
psoriasis to increase their satisfaction with topical treatments were less greasy, sticky, and
smelly formulations [8,67]. The use of corticosteroid solutions by psoriasis patients has been
proposed as a good alternative for patients who dislike greasy preparations, although these
solutions are sometimes associated with burning or stinging. When spray-on solutions
are overly expensive for patients, a possible alternative is to place a generic corticosteroid
solution in an inexpensive spray bottle. When alcohol-based solutions cause excessive
stinging, an oily vehicle can be prescribed for spray-on application [84]. Solution- and foam-
based corticosteroid vehicles were also preferred to ointments, gels, and creams in a small
study (n = 20) [83]. Adam et al. performed a retrospective study and analyzed the impact
of changing drug bases for psoriasis from ointment or gel to aerosol foam, and they found
a successful transition in 85% of the patients, with improved treatment adherence and
better quality of life [85]. Foam bases were also preferred by plaque-psoriasis patients as
easy-to-use topical-drug options [86-89]. Emerging vehicles/bases for psoriasis treatment
are continuously investigated. New hydrophilic vehicles obtained with PAD technology
protect drugs against hydrolysis, ensuring the stability of the calcipotriene /betamethasone
combination while being more patient-friendly than current formulations for psoriasis
treatment [90].

The three most highly valued attributes of topical products noted by psoriasis patients
were as follows: allow dressing shortly after application, good moisturizing properties, and use
only once daily. These were followed by good absorption, does not leave stains, does not cause
itching or burn, and does not run-off [91]. These findings were consistent with those of
another study, which highlighted ease of application, the time needed for application, the cost of
replacing stained clothes and bed linen, absorption, and messiness as important characteristics for
patient use [83]. A systematic review (n = 12) on psoriasis patients’ preferences regarding
topical treatments found that overall, the patients preferred medicines that are easy to
apply, less messy, and have a pleasant scent [67]. This review also emphasized that there is
no single topical-drug product that suits everyone, as well as the importance of shared
decision making.

The attributes that were reported simultaneously by patients with plaque psoriasis,
atopic dermatitis, and acne were absorbed/disappears/dries quickly, available in vari-
ous formulations, does not bleach or stain skin/hair/clothing, is not greasy/oily, is not
sticky/tacky, is long-lasting /long-acting/stays on/lasts through sweating or hand wash-
ing, is fragrance- or odor-free, is easy to apply/simple to use, can use all the time, and
moisturizing [69]. However, the ranking of these attributes in terms of importance was
not reported.
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For seborrheic dermatitis, little information is available, A ketoconazole-foam formu-
lation for the treatment of seborrheic dermatitis was included in a more integrated analysis
aiming to demonstrate that foams are preferable to other topical vehicles (1 = 3398). The
proportion of dermatological patients who preferred foam over other vehicles used in
the past was greater than 60% when compared to cream, 70% compared to gel, and 60%
compared to ointment [92].

The results obtained from the studies assessing vehicle preference are, however, lim-
ited by the numbers of vehicles compared, which are usually low, and the small sample
sizes. Many studies on patient preferences regarding topical vehicles compared only two
vehicles [62,82] or relied on patient perspectives/beliefs rather than experiences of using
the vehicle [70]. The identification of dosage form also needs to be properly described. For
instance, a gel can refer to a hydrogel or an oleogel, which have very different properties.

From the point of view of drug-product design, studying the topical attributes deemed
most relevant by patients is meaningful and provides a rational basis for drug-product
design. More studies, with larger sample sizes, addressing other skin conditions, and of
good methodological quality are needed [93]. Systematic reviews for each skin condition
would be highly useful. Based on a review of current studies on preferences regarding
topical treatments Gutknecht et al. recommended that preferences have to be recorded in
such a way that they are representative of the affected patients. Questions should be also
asked comprehensibly and openly, and the options described should be realistic [93].

For pigmentary disorders, information on patient preferences is scarce. Combi-kits
with sunscreen day cream and night cream were found to be very convenient, helping users
to remember to apply the medication [94]. New drug-delivery systems for vitiligo treatment
were proposed based on phospholipid-based carrier systems, which are thought to improve
skin penetration and increase drug localization while putatively improving adherence
because of their moisturizing effect, favorable rheological properties, and reduced side
effects [95]. Lecithin organogels are among the phospholipid-based approaches studied for
vitiligo treatment.

Preferences cannot be predicted by a single variable, such as demographics; hence,
more clinical studies are needed to better understand the preferences of patients suffering
from skin disorders [12]. From the industrial point of view, commercializing individualized
products is not feasible. A product that meets every patient’s expectations is also practically
impossible to achieve, since preferences often vary between individuals [96]. Patient inter-
views can be performed before defining the treatment regimen. Giving patients the option
of participating in their choice of medication could prove critical to treatment adherence
and, ultimately, clinical efficacy. From the point of view of healthcare practice, one possible
way to meet patients’ preferences for topical vehicles is to allow them to try samples before
establishing the treatment regimen. Pharmaceutical compounding also plays a key role in
obtaining individualized medicines that are not available in the market [97]. The process
of patient-centric compounding design was previously proposed [97], supported by close
interactions between the patient, clinician, and pharmacist.

3.2. Target Product Profile (TPP)

The definition of the drug-product profile should take into account the needs and
preferences of a given patient population and then translate this information into a profile
that is as universal as possible. The drug product is considered the presentation of the
topical treatment to the end user (patient/caregiver/health care provider) and includes
the vehicle/base, formulation composition, dose, dosing frequency, primary, secondary,
and tertiary packaging, dosing devices, and instructions for use. The triad of disease
needs + patient needs + patient preferences is the cornerstone of the PCDPD process.
Considerations regarding the packaging of topical products and TPP for selected skin
disorders are addressed below.
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3.2.1. Packaging

The packages conventionally used for semisolid topical products are mainly tubes.
Packages or applicators that ease the application by avoiding the use of the hands (some-
times called “no-mess applicators”) were recently introduced to the market. The avoidance
of the use of hands during rub-in decreases the time spent on washing hands and the
putative discomfort of the residue on the hands. Other devices that are used to help to
define the amount to be applied in lesions are also available [98].

Recent technological advances, such as 3-D printing, offer an unlimited number of
possibilities regarding package design. Instructions for use and for defining the correct
amount to be used (e.g., the size of a pea, a finger-tip unit) can also be included within the
package, which contributes to the education of patients and improves adherence [61].

3.2.2. Target Product Profile for Selected Skin Disorders

Skin disorders were grouped according to the symptomatology and type of lesion,
and a generic TPP was proposed for each illustrative disorder. All of the disorders had
a general inflammatory character associated with some skin lesions and symptoms that
differentiated them.

In general, the vehicles/bases used should be non-irritant and easy to spread to avoid
friction. Many skin conditions, such as eczematous disorders, occur with inflammation,
exhibiting erythema and edema.

Eczema is characterized by inflammatory lesions of diverse etiology but with similar
characteristics: erythema, vesicles, and desquamation. Different phases can be distin-
guished in eczema, and so the vehicles/bases should be selected accordingly: (a) in acute
phase with erythema, vesicles, exudation, drying vehicles with absorbing capacity, such
as suspensions, are preferred; (b) in subacute phase with peeling, excoriation, crusts, and,
often, secondary infection, the vehicles should have non-occlusive characteristics, such as
those of pastes (e.g., calamine lotion or zinc paste); (c) in the chronic phases of dry lesions,
such as lichenification (thickening, darkening, skin folding), the vehicles should have a
more occlusive and emollient capacity, such as that of ointments (Figure 2) [99].

7 N

Eczema skin lesions
Patient preferences CHRONIC: Ointments
i . ] W/Q creams/emulsions
rome SUBACUTE: Pastes
Subacute Nonv-irritant OfW creams/emulsions
Acute Easy to spread ACUTE: Solutions
Suspensions
. J

Figure 2. TPP for formulations for eczema-lesion treatment and most suitable vehicles/bases.

1.  Scaly and xerotic disorders.

Formulations for disorders with scaliness and dry skin should be, in general, occlusive,
lubricating, and emollient (Figure 3). The skin conditions in this category include psoriasis,
ichthyosis, keratosis pillaris, and xerosis.

Psoriasis
Patient preferences BODY: Ointments
ow
creams/emulsions
Emollient No unpleasent smell wio
Moisturizing Good absorprtion creams/emulsions
s E
Ocdlusive (except for scalp) Low clothes staining oams
SCALP: Solutions
Easy to spread Capillary oils
Moisturizing

N B

Figure 3. TPP for formulations for psoriasis treatment and most suitable vehicles/bases.
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Psoriasis is a chronic erythematous-squamous disease with a high psychosocial im-
pact. Lesions, or psoriatic plaques, present erythema, infiltration, and flaking. Plaque
psoriasis, the most common form of the disease, can affect extensive areas of the skin, scalp,
and nails. Itching and local pain are symptoms that are frequently reported by patients.
Other forms of psoriasis are known, such as flexural psoriasis (on areas of sensitive skin),
guttate psoriasis (after streptococcal infections), pustular psoriasis (featuring the presence
of pustules, which are generally palmoplantar), erythrodermic psoriasis (a severe and
generalized form of erythema), and arthropathic psoriasis (associated with inflammation
of the joints, particularly the hands and feet) [99].

2. Long-term inflammatory disorders.

Rosacea is essentially a form of facial inflammatory dermatitis characterized by ery-
thema and, in a more advanced stage, by papulopustular lesions [99]. The vehicles/bases
for rosacea treatment should have low fat contents and be non-irritant (Figure 4).

4 ™\
Rosacea :
| Patient preferences
MNon-irritant O/W emulsions/creams
Fow it content Low residue W/Silicone emulsions/creams
r ; Glycoside emulsions/creams
Non-occdusive Easy to spread .
No unpleasent smell
N\ J

Figure 4. TPP for formulations for rosacea treatment and most suitable vehicles/bases.

3.  Seborrheic disorders.

In general, the vehicles/bases used should have low fat contents and not leave skin
residue. Seborrheic conditions occur in high-sebaceous-gland-density locations, such as the
face, trunk, or scalp, and include seborrheic dermatitis and acne.

Seborrheic dermatitis is a form of chronic inflammatory dermatitis located in areas
with an excess of sebum and a high prevalence of Malassezia furfur [99]. For applications
on the body, O/W creams or emulsions low in fat should be used. For the scalp, O/W
emulsions are less appealing, since they require clothing to be protected; instead surfactant-
based shampoos should be used for washing and treatment, as well as capillary oils with
silicones, which are slightly oily and confer emollience, and aqueous solutions for a drying
effect (Figure 5).

Seborrheic dermatitis
Patient preferences
BODY: O/W creams/emulsions

SCALP: Aqueous solutions
Capillary oils

Non-irritant

Low-fat content

N _—
Non-occusive ekt aomiatE Shampoos

A J

Figure 5. TPP for formulations for treatment of seborrheic dermatitis and most suitable vehi-
cles/bases.

Acne is an inflammation of the sebaceous glands with bacterial colonization (Cutibac-
terium acnes). Its lesions differ in severity and evolve, and include hyperkeratosis and
comedones (non-inflammatory), papules and erythema (inflammatory), pustules and cysts
(pustular), nodules, and scars (cicatricial) [99]. It should be noted that the vehicles for this
pathology must contain reduced fat contents, and therapeutic practice is slightly complex
because it often resorts to the use of drugs (Figure 6).
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: 4 ™\
Acne )
| Patient preferences
Hydrogels
Low-fat content o tasdas O/W creams
Non-occlusive : Lotions
Easy to spread Pastes for local lesions
Non-drying

. vy

Figure 6. TPP for formulations for acne treatment and most suitable vehicles/bases.

4.  Pruritic disorders.

Pruritus is a common symptom that is widely spread in many diseases, not only of
cutaneous origin, but also of systemic origin (neurologic, psychiatric, endocrine, hemato-
logic, and others). Pruritus skin lesions present additional symptoms, which may include
inflammation (erythema, edema), or dry and scaly skin—both of which may present with
excoriations caused by scratching and lichenification, if chronic [99]. The vehicles and bases
for these conditions should be adapted to the prevalent symptoms.

Skin conditions such as atopic dermatitis and urticaria are illustrative of pruritic
dermatosis.

Atopic dermatitis is a chronic inflammatory dermatitis associated with intense
pruritus [99]. In the acute phase, and if there is edema, the vehicle must be siccative
(such as aqueous solutions), and when the exudation ceases, the vehicle can be changed to
emulsions with a different fat contents, according to the occlusive effect required. Atopic
dermatitis requires maintenance, in which the hydration of the skin is essential; numerous
emulsified vehicles and oils can be enriched with moisturizing substances (Figure 7).

d N
Atopic dermatitis
| Patient preferences

Non-irritant

Low residue

O/W creams/emulsions

Emollient Good absorption W/O creams/emulsions
Moisturizing Moisturizing
Cooling/soothing effect Y P,

Figure 7. TPP for formulations for treatment of atopic dermatitis and most suitable vehicles/bases.

5. Pigmentation disorders.

Hyperpigmentation (dark macules) results from an increase in melanin production or
in the proliferation of melanocytes, originating in epidermal or dermal melanin deposition.
The absence of local melanocytes leads to vitiligo, an hypopigmentary skin (white macules)
disorder, possibly autoimmune in origin. In addition to a certain inflammatory grade, both
lesions are characterized by apparently normal skin with no other symptoms, although they
differ in terms of their extension [99]. A variety of vehicles/bases can be applied to ensure:
(a) the vehiculation of several types of drug, (b) a non-irritation effect to counterbalance
some sensitizing substances, and (c) adaptation to the location and extension of lesions.
The most commonly used vehicles/bases are emulsions, creams, and stick bars for easy use
(Figure 8).
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Pigmented patches
Patient preferences

Hydrogels

Low-fat content Q/W creams/emulsions

High skin retention No data available Sticks on spots

. J/

Figure 8. TPP for formulations for treatment of pigmentation disorders and most suitable vehi-
cles/bases.

The treatment of dermatoses with mixed symptomatology must target the most trou-
blesome symptoms at the point of treatment prescription, in association with the patient’s
specific skin condition and comorbidities. In all cases, the patient’s needs should be ac-
counted for when prescribing the treatment regimen. These include visual, motor, and
cognitive impairments, as well as poor hand sensitivity and the need for help in applying
the treatment.

4. Conclusions

Topical medicines have been associated with poor adherence despite being considered
the mainstay of dermatological treatments.

Patient-centric drug-product pharmaceutical design can be a useful tool to improve
adherence in dermatology by taking into consideration both the disease and the patient’s
needs and preferences to improve the acceptability of the drug product. The target profile
of the drug product, based on the lesions’ characteristics and location, the symptomatology
of the underlying skin disease, and the patient’s preferences, supports the selection of
the most appropriate dosage form and formulation composition. The systematization of
target product profiles provided herein can help members of the pharmaceutical industry
to offer topical drug products with more universal profiles. Furthermore, it also of utmost
importance to clinicians to support the selection of the most suitable topical medicine,
as well as the prescription of customized compounding formulations. After optimized
formulations are obtained, they should be characterized in terms of the features that are
relevant from the patient’s perspective to confirm their suitability with the TPP, or the need
for reformulation. Increases in patient satisfaction with topical treatments should also be
verified in comparison with standard treatments in a sample population. Patient-centric
design, however, should not be regarded as a single intervention, but rather as a strategy
that complements other interventions aimed at improving medication adherence.

The main purpose of vehicles is to ensure drugs’ stability and their delivery, in thera-
peutic doses, to the sites of action. After establishing the most suitable vehicle/base, the
final decision should be centered on the patient’s preferences, since it is certain that a drug
product will not be effective if it is not used. Medicine rejection may be countered by
tailoring vehicles to individualized patient preferences. Many formulations are available to
help clinicians to prescribe customized treatments. Clinicians can also rely on the technical
expertise of pharmacists. Allowing patients to try samples of different vehicles before estab-
lishing the treatment regimen can be also very helpful, especially when the identification of
patient preferences is troublesome.

Insights regarding the development of new vehicles with better organoleptic features,
as well as new studies on patient preferences and on the therapeutic effects of topical
vehicles on clinical outcomes, need to be continuously analyzed and translated in the
update of the TPPs for the most common skin disorders.
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