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ABSTRACT

Topical formulation and delivery technologies
for pharmaceutical application should simulta-
neously address efficacy, safety and conve-
nience of therapy. This has historically proven
to be challenging, since formulation features
that drive efficacy often have undesirable con-
sequences for safety and convenience and vice
versa. Polyaphron dispersion (PAD) technology
is a novel topical formulation and drug delivery
system developed with the purpose of preserv-
ing these key attributes. PAD formulations are
typically oil-in-water dispersions consisting of
oil droplets encapsulated in a multi-molecular
shell structure. This shell structure protects
potentially unstable active molecules solubi-
lized in the oil from hydrolytic degradation.
Example data are presented of enhanced drug
penetration from PAD formulations, including
dermal delivery of calcipotriene, betametha-
sone dipropionate and tacrolimus as well as
ocular delivery of ciclosporin A. Local tolera-
bility is an important safety parameter for
topical formulations, where high levels of

surfactants can cause skin irritation. In this
regard, a key benefit of PAD formulations is the
inherent reduced requirement for surfactants to
generate stable formulations compared to con-
ventional emulsion systems. Patients with
chronic diseases with topical manifestations
such as psoriasis or atopic dermatitis have been
reported to miss up to 70% of planned topical
applications, mainly due to a lack of satisfaction
with their therapy. Patients generally prefer
light, moisturizing, non-greasy and quickly
absorbed vehicles that are simple to use on all
body parts. PAD formulations can generally be
designed to meet these criteria. In conclusion,
PAD technology provides high flexibility in
topical drug design and can be applied to sev-
eral body locations without compromising effi-
cacy, safety or convenience of therapy.
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Key Summary Points

Polyaphron dispersion (PAD) technology
is a novel topical formulation and drug
delivery system that, in a single product,
combines efficacy and safety without
compromising convenience of therapy.

Topical formulation and delivery
technologies for pharmaceutical
application should simultaneously
address efficacy, safety and convenience
of therapy.

Patients with chronic diseases with topical
manifestations such as psoriasis or atopic
dermatitis have been reported to miss up
to 70% of planned topical applications,
which can have a significant impact on
treatment outcomes.

A calcipotriene/betamethasone
dipropionate cream has been developed
using PAD technology, and this has
demonstrated attractive skin penetration,
efficacy, safety and patient satisfaction
data in the treatment of plaque psoriasis
in nonclinical and clinical trials.

INTRODUCTION

Topical therapy is a popular treatment modality
for many dermatological, ophthalmic and other
indications where the target tissue can be
reached by topical application without the
potential safety concerns associated with the
broader and higher drug exposure inherent to
systemic therapy. The many and diverse topical
drugs offered to physicians and patients have,
over the years, demonstrated that a successful
topical drug must meet three critical elements:
(i) high efficacy, (ii) favourable safety and local
tolerability, and (iii) convenience of the for-
mulation in patients’ daily routines [1–5].

Convenience and aesthetic acceptability are
particularly relevant to topical application,

since greasiness, altered appearance and dis-
rupted daily routines will negatively impact
adherence to therapy and consequently real-
world efficacy [1]. Certain application areas
such as the scalp and face or highly inflamed
and sensitive skin may require dosage forms
that have differing physical attributes from a
formulation designed for more general applica-
tion. While topical formulations obviously need
to optimize delivery of the active ingredients
through the skin barrier to the target tissue, it is
important that the vehicle formulation does
not negatively impact the skin barrier structure
and function or contain ingredients that can
cause irritation or allergic sensitization [6].

Several drug delivery technologies and topi-
cal dosage forms have been developed, each
having advantages [7, 8] but unfortunately also
often having significant compromises. Among
the standard dosage forms, ointments are based
on fluid and/or solid oils, commonly white soft
petrolatum, often combined with an aggressive
solvent such as propylene glycol. Ointments
generally offer high diffusion of active ingredi-
ents through the skin barrier [9] and immediate
hydration by decreasing trans-epidermal water
loss [10]. However, even assuming a low fre-
quency of adverse reactions, many patients are
averse to ointments on aesthetic grounds
because of the difficulty rubbing in the medi-
cation and issues with the medication’s greasi-
ness and the medication sticking to clothes [11].
Conventional creams and lotions tend to be
more aesthetically pleasing, being easier to rub
into the skin, and are less likely to stick to the
patients’ clothing, resulting in a patient prefer-
ence for these dosage forms [11–13]. Creams
and lotions are usually based on emulsion
technology, which employs high levels of sur-
factants to form physically stable oil-in-water
dispersions without visual phase separation of
oil and water. The high level of surfactants can
lead to skin irritation caused by extraction of
lipids and damage to the epidermal barrier
function [14]. Furthermore, creams and lotions
have traditionally generated products with
lower efficacy compared to ointments due to
suboptimal delivery of active ingredients
through the skin barrier [15].
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Challenges to drug safety and tolerability are
often linked to the choice of active therapeutic
agents, their pharmacology and their strength.
Examples of typical application-site adverse
reactions are contact dermatitis, folliculitis, skin
atrophy or other forms of skin irritation. Alter-
natively, local tolerability may be compromised
in an effort to optimize efficacy by the inclusion
of excipients such as solubilizers or penetration
enhancers that can, by themselves, cause
application site reactions (e.g. propylene
glycol).

Consequently, the development of topical
therapies should consider the efficacy, safety
and convenience of the product with equal
importance. There is an unmet need within
topical therapies for a vehicle that combines the
low irritancy and effective drug delivery of
ointments with the aesthetic appeal of light
creams and lotions. The objective of this review
is to present and discuss the properties and
benefits of polyaphron dispersion (PAD) tech-
nology as a novel topical formulation and drug
delivery system, including its ability to combine
efficacy, safety and convenience of treatment.

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

PHYSICAL AND CHEMICAL
CHARACTERISTICS
OF POLYAPHRON DISPERSION
TECHNOLOGY

Polyaphrons (also called colloidal liquid aph-
rons and biliquid foams) have, over time, been
used or proposed for diverse industrial applica-
tions (for example, in purification, extraction,
drilling and waste water treatment [16, 17]) due
to their high stability, specific physicochemical
properties and ability to flow, but are relatively
unknown in medical applications [17].

Herein we describe the specific application of
polyaphrons dispersed in a polar solvent (usu-
ally water) for the formulation and topical
delivery of pharmaceutical agents, which is also
termed polyaphron dispersion technology or

PAD technology. These formulations are typi-
cally oil-in-water dispersions with oil droplets in
the range 1 to 50 lm. As such, they fall under
the International Union of Pure and Applied
Chemistry (IUPAC) definition of ‘emulsion’
[18], although they are structurally distinct and
offer several advantages compared to conven-
tionally stabilized emulsions.

Polyaphron droplets are formed from an
inner core of nonpolar solvent (typically a
pharmaceutically acceptable oil) that, through
the manufacturing process, is encapsulated in
an outer shell with a multi-layer structure of
surfactants, oil and water that stabilizes and
separates the inner core from the continuous
disperse phase (typically water). Sebba origi-
nally proposed that the shell structure is an
organized surfactant bilayer and a so-called
soapy shell [19]. However, based on subsequent
studies, consensus has evolved that Sebba’s
initial model is probably too simplistic and that
a multi-molecular or multi-layer structure is an
integrated part of the PAD droplet shell [17, 20].
This multi-molecular/layer organization should
not be interpreted as uninterrupted static con-
secutive layers, but rather envisioned as a
dynamic nanoscale three-dimensional bicon-
tinuous structure involving surfactants and
auxiliary molecules such as bound water and oil
(Fig. 1). In specific systems, the thickness of the
shell has been estimated to correspond to
80–350 molecules of surfactant or approxi-
mately 96–750 nm [21–23]. In conventional
emulsions, the interfacial film formed between
the oil and water is principally one surfactant
molecule thick.

Pharmaceutical PAD formulations are gen-
erally manufactured in a two-step process where
the first step is the formation of an oil-in-water
PAD with a high oil level of 80 to 90% w/w. In
the second step, one or more high-oil-content
pre-stabilized PADs are dispersed in an aqueous
environment containing a polymeric gellant to
obtain a physically stable oil-in-water disper-
sion (PAD formulation) (Fig. 2). The initial
production of a high-oil-level dispersion gener-
ates the particular attributes of PAD droplets
that are retained even upon dilution. This
dilution and subsequent retention of benefits
from the concentrated PAD is the principal
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precept of PAD technology. The two-step
approach also permits great formulation flexi-
bility, allowing various functionalities to be
built into the final PAD-based formulation, e.g.
therapeutic agents with different solubilities or
incompatibilities can be fully solubilized in
different oils close to their saturation limits for
optimal tissue penetration, and a skin barrier or
moisturization function can be integrated

through correct selection of oils and the addi-
tion of natural moisturizing factors. Further, the
final oil level can be adjusted in a wide range
from eye drops with a very low oil content and
light lotions and creams up to intensive creams
with a high oil content. The overall droplet size
in PAD formulations will depend on the choice
of excipients and the applied manufacturing
process. The rheology of the final PAD

Fig. 1 a Schematic illustration of a PAD technology
formulation of oil-in-water droplets. A multimolecular
layer of organized surfactant, oil and water forms a robust
three-dimensional bicontinuous structure around the oil
droplet. PAD technology formulations are manufactured
with a low level of surfactant in the water and oil phases, in
contrast to conventional emulsions that require a large
excess of surfactant in the water phase to maintain physical

stability. b Scanning electron microscope image of a
cleaved polyaphron oil droplet. The central, rough, region
is oil (olive oil in this example) and the smoother outer
shell structure is surfactant, water and oil. c Scanning
electron microscope image of a cleaved polyaphron oil
droplet. The central oil core (brominated vegetable oil in
this case) sublimated off during sample preparation, leaving
the outer shell structure of surfactant, water and oil
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formulation and the prevention of creaming of
the oil droplet dispersion is primarily controlled
by the aqueous phase polymeric gel, in contrast
to conventional emulsion creams that require
excess levels of surfactants and the use of less-
pleasing solid waxes to maintain physical sta-
bility. The polymeric gel can be of the carbomer
or natural gum type and will impart a non-
Newtonian shear point sufficient to prevent
creaming. The rheology can be further cus-
tomized by the incorporation of additional
materials such as polymeric thickeners, usually
cellulosic based, such as hypromellose or
hydroxyethyl cellulose. The concentration,
polymeric molecular weight, and potential
synergistic interactions between polymers can
allow the formulation of products that, while
based on the same oil phase and exhibiting
similar release/permeation behaviour, are per-
ceived as light lotions or heavy creams due to
differing thixotropic behaviour of the gel phase.

Taken together, this means that PAD formula-
tions can be designed to be aesthetically elegant
and to target relevant body locations, including
the scalp, without sacrificing the efficacy and
tolerability of the formulation.

In addition to the greater aesthetic parame-
ter, the use of an aqueous gel allows for the
creation of physically robust creams with
improved temperature insensitivity due to
fewer potential temperature-induced phase
changes. A quality by design (QbD) approach
should be employed to ensure consistent and
reliable performance of the drug product for-
mulation from physical, chemical and phar-
macological perspectives [24]. Some of the
critical quality attributes that are typically
employed to characterize PAD formulations are
viscosity, droplet size, pH, chemical stability,
preservation efficacy and skin penetration.

Both lipophilic and hydrophilic compounds
can be formulated using PAD technology;

Fig. 2 PAD technology formulations are generally man-
ufactured in a two-step process where the first step is the
formation of an oil-in-water PAD with a high oil level. In
the second step, one or more high-oil-content pre-
stabilized PAD premix modules are dispersed in an

aqueous phase environment typically containing a poly-
meric gellant to obtain a physically stable final formulation.
The PAD premix modules can be designed to provide
different functionalities to the final PAD technology
formulation
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however, only lipophilic compounds dissolved
in the discontinuous oil phase take advantage
of the protective properties of the droplet shell
structure. Non-lipophilic compounds can be
solubilized in the continuous phase, which, in
addition to water, can contain high levels of
alcohols and glycols for increased solubility of
low-solubility compounds. Small molecules
within the standard range of molecular weight
allowing skin penetration (\500 Da) are obvi-
ous choices for PAD technology [25]; however,
larger molecules such as tacrolimus (804 Da)
and ciclosporin A (1202 Da) can also be effi-
ciently delivered as exemplified below. Macro-
molecules, including peptides/proteins and
nucleotides, can be formulated in PAD tech-
nology. Peptides and proteins have in some
systems been shown to associate with the
oil–water interface and lead to increased stabil-
ity or enzymatic activity [26, 27]; however, to
the knowledge of the authors, no topical deliv-
ery data are currently available for
macromolecules.

The formulation and processing flexibility
associated with PAD technology enables the
decoupling of oil droplet stabilization from the
wider rheological system. The defined quality
target product profile can thereby be reached
more readily. This flexibility is achieved with-
out the significant formulation compromises
sometimes required with traditional semi-solid
formulation methodologies. Furthermore, the
‘‘formulation space’’ around the preferred for-
mulation can be readily explored and charac-
terized so an optimized product is developed.
The physical stability of well-processed PAD
formulations is generally high, with very little
change in visual appearance and droplet size
during long-term storage. Some of the defining
features for long-term storage stability are the
choice of immiscible continuous and discon-
tinuous solvent phases, the selection of surfac-
tants with a hydrophilic–lipophilic balance
matching the solvents, and processing that
ensures uniform droplet size and stability of the
gelled aqueous phase.

The emulsifying activity of surfactants is an
essential component in the formation of
stable emulsions. It is well accepted that non-
ionic surfactants are less irritating than anionic,

cationic or zwitterionic surfactants [14]. Con-
ventional creams and lotions typically contain
2–5% surfactants to maintain physical stability.
The level of surfactant shown to cause irritation
such as erythema or a measurable change in
skin hydration can be as low as 0.5% for anionic
surfactants [28] and up to 2% w/w for non-ionic
surfactants [14].

A key benefit of PAD formulations is the
inherent reduced requirement for surfactants to
generate stable dispersions. The highly focused
distribution of surfactants in the PAD droplet
shell allows the total level of surfactants in a
PAD formulation to be from several fold up to
30-fold lower than in conventional emulsion
creams and lotions with comparable oil con-
tent. The lack of excessive surfactants in PAD
formulations reduces the risk of oil-soluble
drugs being solubilized into the aqueous phase
and possibly exposed to hydrolytic degradation,
thereby giving greater chemical stability. It
further minimizes wash-out of epidermal lipids,
which can lead to disruption of the skin barrier
function and skin irritation.

TOPICAL DELIVERY OF ACTIVE
COMPOUNDS

Formulation of oil-soluble therapeutic agents
using PAD technology has enabled enhanced
penetration to target tissues. This can be
attributed to several elements, including (i) the
selection of excipients at optimal relative levels
that will fully solubilize the drug, (ii) penetra-
tion driven by the evaporation of solvent/water
upon skin application, leading to drug oversat-
uration, and (iii) low levels of water-soluble
surfactants that may hinder skin penetration by
forming bulky micellar structures around drug
molecules.

The ability of PAD formulations to deliver
calcipotriene (CAL, also known as calcipotriol)
and betamethasone dipropionate (BDP) to
human skin has been evaluated in Franz cell
skin flux studies. Measurement of the cumula-
tive flux of the drug through human epidermis
was demonstrated to be significantly higher for
CAL/BDP PAD-cream compared to the marketed
anhydrous oil-based CAL/BDP topical
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suspension/gel, both formulations containing
the same concentrations of CAL and BDP
(Fig. 3a, b). The impact of different choices and
levels of oils in PAD formulation variants on the
skin flux efficiency of calcipotriene is shown in
comparison to a marketed calcipotriene oint-
ment in Fig. 3c. All PAD formulations had a
greater skin flux than achieved with cal-
cipotriene ointment. The improved flux for the
PAD formulations resulted from a higher overall
oil content and specific combinations of oils
and penetration-enhancing excipients [29, 30].

The translation of the enhanced skin flux
properties of CAL/BDP PAD-cream to clinical
efficacy has been demonstrated in two phase 3
trials evaluating efficacy and safety in the
treatment of plaque psoriasis. The pooled phase
3 data demonstrate that a significantly greater
proportion of patients achieved treatment suc-
cess in the physician global assessment (PGA),
defined as a minimum improvement of two
grades to ‘‘clear’’ or ‘‘almost clear’’ disease. After
8 weeks of treatment, 43.2% of patients in the
CAL/BDP PAD-cream group achieved PGA
treatment success, compared to 31.9% in the
CAL/BDP topical suspension/gel group

(p\ 0.0001) and 5.2% in the vehicle cream
group (p\ 0.0001) [31]. In one of the phase 3
trials, patients with body and scalp psoriasis
were enrolled. In this trial, the percentage of
patients achieving a PGA of ‘‘clear’’ or ‘‘almost
clear’’, representing controlled disease, was
62.2% in the CAL/BDP PAD-cream group com-
pared to 11.4% in the vehicle group
(p\ 0.0001) (Fig. 4a). Further, 68.3% of patients
with scalp psoriasis in the CAL/BDP PAD-cream
group compared to 26.1% in the vehicle group
achieved controlled disease (a PGA of ‘‘clear’’ or
‘‘almost clear’’) on the scalp at week 8
(p\ 0.0001), with a significant onset of efficacy
already after 1 week of treatment (29.5% vs
0.1%; p\0.0001) (Fig. 4b). This demonstrates
that the CAL/BDP PAD cream is suitable for the
treatment of psoriasis on both the body and
scalp.

A PAD-technology-formulated cream of
tacrolimus has also been formulated and its
penetration evaluated in vivo in comparison to
a marketed 0.1% tacrolimus ointment [32].
Tacrolimus penetration to epidermis and dermis
was measured in skin biopsies taken from
minipigs treated twice daily for 4 weeks with

(a) (b) (c)

Fig. 3 Comparisons of Franz cell human skin flux
through epidermis: CAL/BDP PAD cream versus CAL/
BDP topical suspension (TS)/gel (a, b) and variants of
CAL PAD cream regarding the content and type of oils
versus CAL ointment (c). Methodology: Human skin was
kept frozen until preparation. Subcutaneous fat was
removed mechanically, and epidermis was removed from
dermis by heat separation and mounted on a Franz cell
chamber filled with receptor phase (70% phosphate-
buffered saline, pH 7.4, 50 mM; 30% isopropanol). Test

products were applied to the skin at 0, 16, 40 and 64 h,
similar to the methodology described in Simonsen et al.
[62]. An isocratic HPLC method was used for the
detection of CAL and BDP in the receptor fluid. Error
bars are illustrated at the standard error of the mean.
Results of a statistical assessment by Student’s t-test
comparing CAL/BDP PAD cream and CAL/BDP TS/
gel at 72 h are displayed as *** (for p\ 0.001) and **** (for
p\ 0.0001) [29, 30]
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0.03% PAD cream, 0.1% PAD cream and 0.1%
tacrolimus ointment, which contains propylene
carbonate, an aggressive aqueous solvent per-
meation enhancer. The highest concentration
of tacrolimus was found in epidermis compared
to dermis, and the concentration was higher for
0.1% PAD cream than for 0.03% PAD cream in
both epidermis and dermis. Application of 0.1%
PAD cream resulted in * 1.5-fold higher pene-
tration to both epidermis and dermis than
achieved with the 0.1% tacrolimus ointment
comparator (Fig. 5). All the formulations were
well tolerated, with no drug-related or vehicle-
related skin reactions observed [33].

The enhanced penetration profile of PAD
formulations has further been demonstrated in
ocular delivery. Ocular penetration of ciclos-
porin A (CsA) from a PAD-formulation-based
eye drop demonstrated 4.7-fold higher pene-
tration to cornea for 0.06% CsA and 8.3-fold

higher for 0.1% CsA compared to a marketed
0.05% CsA, as calculated by AUC 0.5–24 h
(Fig. 6) [34].

Compliance with ethics guidelines was
assured in all presented studies; please see the
‘‘Acknowledgements’’ section or figure legends
for further details.

LOCAL TOLERABILITY AND SAFETY

Favourable local tolerability and safety are
important target features of topical therapies.
Exposure of therapeutic agents is typically the
main driver of local tolerability and safety out-
comes, whereas excipients only occasionally
trigger severe local adverse reactions. Some
excipients can impair the skin barrier, while
other excipients conversely can contribute to
improving skin barrier function. Examples of

(a) (b)

Fig. 4 Prospective, vehicle and active-comparator con-
trolled, randomized, phase 3 trial evaluating efficacy in
patients with plaque psoriasis at multiple sites in Europe
(MC2-01-C7; NCT03802344; N = 490). The design of
the trial included a screening and 8-week treatment period.
The trial population consisted of male and female patients
above the age of 18 years with mild-to-moderate psoriasis
according to PGA and with a treatment area of 2–30% of
the body (trunk and/or limbs) (CAL/BDP PAD cream
N = 213; PAD-cream vehicle N = 68). ‘‘Controlled dis-
ease’’ was defined as an improvement from baseline to clear
or almost clear disease at the indicated time points.
a Controlled disease assessed for the body. b Controlled

disease assessed for patients with scalp psoriasis involving a
minimum 10% of the scalp (CAL/BDP PAD cream
N = 112; PAD-cream vehicle N = 38). Data are shown
according to a treatment-policy strategy with multiple
imputations, and p values represent a comparison of CAL/
BDP PAD cream to vehicle calculated by a logistic
regression model using randomized treatment, country and
baseline PGA on the body as independent variables. The
trial protocol was approved by institutional review boards
for each site, and all patients provided written informed
consent prior to any trial-related procedures. Detailed
efficacy data from phase 3 trials are presented elsewhere
[31, 63]
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excipients to avoid or minimize in a topical
formulation are propylene glycol, benzalko-
nium chloride and ionic surfactants such as
sodium lauryl sulfate [35], whereas excipients to
consider to include because of their protective
or repairing function are constituents of natural
moisturizing factor and moisturizing oils [36].

PAD formulations can readily be developed
to support high local tolerability and mainte-
nance of the barrier function. Non-ionic sur-
factants are included at low levels and are well
tolerated. Other excipients can be chosen with
high flexibility and even selected to have pro-
tective functionality. As an example, a com-
parative 8-week dermal safety study in minipigs
concluded that CAL/BDP PAD cream was well
tolerated and a commercial CAL/BDP ointment
comparator less well tolerated, with 50% (3 of 6)
animals requiring 5 days off-dose during the
study due to adverse reactions in the applica-
tion site area. Similar systemic exposures of the
active compounds between test groups were

(a)

(b)

Fig. 5 Penetration of tacrolimus into minipig epidermis
(a) and dermis (b). Test products [tacrolimus PAD cream
0.03%, tacrolimus PAD cream 0.1% and tacrolimus
ointment 0.1% comparator (Protopic� 0.1%)] were applied
twice daily to eight 2.5 9 2.5 cm application sites on the
backs of four male Göttingen minipigs (25 mg product/
cm2). Skin biopsies (n = 8 per treatment) for bioanalysis by
LC–MS/MS were collected after 28 days of treatment, 4 h
after the last dosing. Epidermis was separated from dermis
and subcutaneous tissue was removed from the dermis using
a scalpel. Stratum corneum and any residual formulation
were removed by 40 tape strips before punching the biopsy.
Error bars are shown as standard error of the mean. The
study was conducted according to Good Laboratory Practice
for Medicinal Products as required by the Danish Health
andMedicines Authority and in accordancewith theOECD
Principles of Good Laboratory Practice [33]

Fig. 6 Pigmented rabbits received a single instillation of
30 ll PAD 0.06% CsA, PAD 0.1% CsA or a marketed
0.05% CsA emulsion (Restasis�) in both eyes. Rabbit
corneas were sampled at 0.5, 1, 2, 5, 12 and 24 h after
instillation. CsA was extracted and the content was
determined by a RRLC-MS/MS method (n = 6 eyes per
data point) [34]. All animals were treated according to the
European Convention and the Association for Research in
Vision and Ophthalmology (ARVO) Statement for the
Use of Animals in Ophthalmic and Vision Research [64]
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measured in the study (Fig. 7). In human clini-
cal trials, all reported local application-site-re-
lated adverse reactions for CAL/BDP PAD cream
were below 1%, with the most frequent being
application-site pain, irritation, and pruritus,
each with a frequency of 0.7% [31].

AESTHETIC ELEGANCE
AND SATISFACTION
WITH TREATMENT

Recent guidelines for the topical treatment of
psoriasis issued in both the United States and
Europe recommend that clinicians consider
patient preference when selecting the most
appropriate vehicle for topical therapy [37–39].
Different vehicles may have different clinical
advantages depending on, for instance, body
location, hair density, and personal preference,
which are important factors to take into
account to ensure patient adherence to
treatment.

It has previously been reported that up to
73% of psoriasis patients do not comply with
their current treatment and that aesthetic
acceptability, efficacy and safety are very
important aspects of successful topical

treatment of psoriasis [2, 13]. Qualitative and
quantitative research has confirmed that effi-
cacy, safety and formulation attributes are the
most important parameters for both the choice
of and adherence to any topical therapy inten-
ded for repeated long-term treatment of psori-
asis [40]. When presented with the profile of
CAL/BDP PAD cream, and having had the
opportunity to test the PAD-cream vehicle,
patients interviewed in-person (n = 11) rated
the ‘‘the overall reaction to the product’’ a score
of 6.3 and the ‘‘likelihood of requesting the
product’’ a score of 6.8 on a scale of 1 (extremely
unlikely) to 7 (extremely likely). Patients inter-
viewed by telephone (n = 15) and by a web-
based questionnaire (n = 113) without physical
testing of the product had a slightly lower rating
of the likelihood of requesting the product (5.6
and 5.5, respectively), indicating that patients
may generally expect topical therapies to be
burdensome and that there is a potential to
exceed such expectations by using novel topical
vehicles.

Generally, there is a need for validated tools
to evaluate patients’ acceptance of topical
therapy vehicles [41]. A psoriasis treatment
convenience scale (PTCS) has been validated,
consisting of five questions addressing ease of

Fig. 7 Pictures of minipigs from a dermal toxicity study
taken after 4 weeks of once-daily application of CAL/BDP
PAD cream (left) and a marketed CAL/BDP ointment
(Daivobet�, right). The dermal toxicity study was part of
nonclinical requirements in support of regulatory

submissions. The study was conducted according to Good
Laboratory Practice for Medicinal Products as required by
the Danish Health and Medicines Authority and in
accordance with the OECD Principles of Good Labora-
tory Practice [65]
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application, greasiness, moisturization and
impact on the daily routine plus an overarching
question regarding the patient’s overall satis-
faction with the treatment [42]. Other examples
of similar questionnaires are the Vehicle Pref-
erence Measure [43], the Topical Therapy
Adherence Questionnaire (TTAQ) [44] and the
Topical Product Usability Questionnaire (TPUQ)
[45]. These instruments can be used to directly
compare the acceptability of vehicles, as exem-
plified by the superiority of psoriasis treatment
convenience in favour of CAL/BDP PAD cream
versus CAL/BDP suspension/gel [31] and an
overall preference for suspension/gel over CAL/
BDP foam identified using TPUQ [45]. However,
even though gross differences in patients’
acceptance of topical therapy vehicles can be
evaluated by direct comparison, personal pref-
erences can vary and should be considered by
physicians [46].

DISCUSSION

Many topical delivery technologies and formu-
lations have, even in recent years, almost
exclusively focused on drug delivery and the
efficacy of the therapeutic agent. Indeed, effi-
cacy is a critical component of regulatory
approval, detailing to medical communities and
market access. Several examples have demon-
strated that innovative topical delivery vehicles
for specific therapeutic agents can attain sig-
nificantly differentiated clinical and patient-re-
ported outcomes compared to more traditional
formulations [15]. However, it is also well
accepted that patients’ real-world overall treat-
ment satisfaction with topical products is much
more complex than just pure efficacy. Studies
have demonstrated that product efficacy, safety
and convenience all play a key role in ensuring
the highest possible adherence to therapy by
patients [1–4, 47]. Patients with psoriasis and
atopic dermatitis have been reported to miss up
to around 70% of planned topical applications
when the treatment period extends to several
weeks, leading to suboptimal treatment out-
comes, reduced quality of life and increased
healthcare costs [1, 13, 48, 49]. Patients gener-
ally prefer light, moisturizing, non-greasy and

quickly absorbed vehicles for reasons of ease of
application and aesthetic acceptability [50].
Patient preference may further be affected by
dermatologic condition, age and race
[45, 50, 51].

As described in the previous sections, PAD
technology has enabled the clinical develop-
ment of topical formulations characterized by a
combination of high drug penetration and
efficacy, favourable safety and convenient
application for the patient. High penetration of
CAL and BDP has also been achieved by an
alternative pressurized paraffin-based anhy-
drous aerosol foam formulation in which the
two drug compounds are solubilized in a
supersaturated form [52]. While this formula-
tion has demonstrated high clinical efficacy
[53], it lacks the treatment satisfaction associ-
ated with CAL/BDP PAD cream, including
parameters concerning ease of application and
greasiness [54].

During the last 20 years, tacrolimus oint-
ment has been widely used as an efficacious
treatment of atopic dermatitis and related
indications, although patient acceptability of
the formulation has been rated low [55]. A
cream emulsion formulation of tacrolimus has
been under development as an alternative to
the marketed tacrolimus ointment [56]. Tacro-
limus cream variants demonstrated the same or
higher penetration through rat skin compared
to ointment; however, storage stability data was
questionable and clinical development was
never completed [56].

The ability of psoriasis patients to adhere to
twice-daily therapy of tacrolimus ointment and
salicylic acid gel for 8 weeks has been studied by
the use of electronic monitoring caps on the
topical medication bottles. Based on the elec-
tronic monitoring log, adherence to therapy
declined to 51% after 8 weeks, whereas the
patients reported their adherence as 90% in
their own log [57]. Analysis of efficacy in this
trial showed that the adherence rate was a sig-
nificant predictor of improvement. A 10%
decrease in treatment adherence was associated
with a loss of efficacy of 1 point on a 0–9 point
scale, corresponding to an almost 20% reduc-
tion in efficacy improvement from baseline
[58], illustrating the importance of treatment
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adherence for overall real-world efficacy. A
study of 102 psoriasis patients concluded that
adherence was significantly higher for patients
applying gels and creams than for those using
ointments whenever the body area affected was
extensive, while the opposite was found when
the affected area was small [13]. This is further
substantiated by a 52-week, prospective, obser-
vational trial in psoriasis patients in which CAL/
BDP suspension/gel was associated with higher
treatment convenience, adherence, and overall
satisfaction ratings than CAL/BDP ointment,
resulting in a relatively high real-world efficacy
of the suspension/gel formulation relative to
the ointment. This was in contrast to lower
efficacy levels of the suspension/gel versus the
ointment when determined in a controlled
clinical setting in which patient compliance
was assured [59, 60].

While topical drug efficacy and safety should
always be considered in the choice of topical
therapies, the general recommendation is to
keep the treatment regimen as simple as possi-
ble, i.e. applicable to all relevant disease severi-
ties and body locations, to take into account
patient preferences in the treatment decision-
making process, and to provide educational
support to increase the ability of patients to
control their own therapy [46, 61]. Topical PAD
formulations have the potential to address some
of these challenges as they have great flexibility
in topical drug design.

CONCLUSIONS

Patients with chronic diseases with topical
manifestations have been reported to miss a
significant fraction of the prescribed applica-
tions, mainly due to a lack of satisfaction with
the therapy. PAD technology is a novel formu-
lation and drug delivery system that provides
great flexibility in topical drug design. PAD
formulations can, in a single product, be
designed to be applicable to several body loca-
tions without compromising efficacy, safety and
convenience of therapy. Improving adherence
to treatment for patients may ultimately result
in better treatment outcomes in real-world
clinical practice.
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