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ABSTRACT

Topical treatment plays a crucial role in psori-
asis management, with non-adherence being a
major barrier to treatment success. The fixed-
dose combination of calcipotriol (CAL) and
betamethasone dipropionate (BDP) represents
the first-line choice in topical psoriasis

treatment. A CAL/BDP cream based on poly-
aphron dispersion (PAD) Technology has
emerged as a novel formulation for a more
convenient topical treatment of psoriasis. This
article aims to summarize the most relevant
published evidence about CAL/BDP PAD-cream
and its underlying PAD Technology. The PAD
Technology enables CAL and BDP stability in an
aqueous cream through a multimolecular shell
structure, as well as it increases the penetration
of both active ingredients into the epidermis
and dermis. This technology also demonstrated
to increase the cosmetic acceptability and to
provide the desirable sensory properties for a
topical psoriasis treatment. Two phase III clini-
cal trials have been conducted so far with CAL/
BDP PAD-cream. Findings from both trials
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revealed high efficacy with a fast onset of
action, a favourable safety and tolerability pro-
file and convenience for CAL/BDP PAD-cream
compared to CAL/BDP gel. In the trial including
patients with psoriasis affecting the scalp (MC2-
01-C7), results support the use of CAL/BDP
PAD-cream in scalp psoriasis. An anchored
matching-adjusted indirect comparison (MAIC)
was conducted to compare CAL/BDP PAD-
cream and CAL/BDP foam, as both products had
been previously compared to CAL/BDP gel.
CAL/BDP PAD-cream and CAL/BDP foam
showed equivalent efficacy and quality of life at
their recommended treatment duration,
whereas greater treatment satisfaction for CAL/
BDP PAD-cream was found after one week of
treatment. Overall, the high patient accept-
ability and treatment satisfaction observed with
CAL/BDP PAD-cream in clinical trials may lead
to improved adherence and hence higher effi-
cacy in clinical practice.

Keywords: Satisfaction; Calcipotriol/beta-
methasone dipropionate; Cream; PAD
Technology; Psoriasis; Topicals

Key Summary Points

The fixed-dose combination of calcipotriol
(CAL) and betamethasone dipropionate
(BDP) is the first-line choice in topical
psoriasis treatment.

The polyaphron dispersion (PAD)
Technology enables CAL/BDP stability in an
aqueous cream and boosts dermal
absorption, as well as it increases patient
cosmetic acceptance.

The CAL/BDP PAD-cream revealed increased
diffusion/penetration of the actives, high
efficacy, a favourable safety and tolerability
profile, improved quality of life and
increased treatment satisfaction for patients
compared to CAL/BDP gel, with a quick
onset of action.

An anchored matching-adjusted indirect
comparison (MAIC) analysis showed greater
treatment satisfaction for CAL/BDP PAD-
cream compared to CAL/BDP foam after the
first week of treatment.

The CAL/BDP PAD-cream represents a novel
topical formulation for the treatment of
psoriasis that may lead to improved
adherence and hence better efficacy in
clinical practice.

INTRODUCTION

Topical treatment represents a keystone in the
management of psoriasis, as around 70–80% of
patients with mild-to-moderate disease can be
successfully controlled with topical therapies
[1]. Topical agents are the first-line treatments
in psoriasis and they can be combined with
phototherapy or systemic therapy when topical
treatment alone is unlikely to adequately con-
trol psoriasis [1, 2]. There are several topical
treatments for the treatment of psoriasis, which
exist in a variety of formulations, including
lotions, creams, ointments, gels and foams
[2, 3].

The available topical therapies for psoriasis
include: topical corticosteroids, available in
different potencies (from mild to very potent)
and widely used for inflammatory skin condi-
tions (due to their well-known vasoconstriction,
anti-inflammatory, immunosuppressive and
antiproliferative effects on epidermal cell turn-
over), but are associated with several adverse
effects when used in the long-term use; vitamin
D analogues, like calcitriol, calcipotriol (CAL) or
tacalcitol, which exert potent effects on ker-
atinocyte proliferation and differentiation as
well as immunomodulatory effects; calcineurin
inhibitors (off-label), which are less effective
than topical corticosteroids but present a better
safety profile; and tazarotene (a topical reti-
noid), which use may be limited due to adverse
effects and patient acceptability [2, 3]. More
recently, two new agents based on once-daily
cream formulations have been approved by the
United States (US) Food and Drug
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Administration (FDA), tapinarof, an aryl
hydrocarbon receptor (AhR) agonist [4], and
roflumilast, a phosphodiesterase-4 (PDE4) inhi-
bitor [5], increasing the topical armamentarium
for the treatment of psoriasis.

The choice of a topical agent between the
wide range of possibilities depends, among
others, on the morphological variant, the body
site of psoriasis and also the patient preference
[3, 6]. The main factors which influence topical
therapy are described in Fig. 1. Most important
advantages of topical treatments include the
availability of different topical ingredients and
galenic forms, the adaptability to different
anatomical areas and the possible combination
with phototherapy and systemics. However,
there are still some unmet needs on topical
therapy. The low levels of efficacy, inconve-
nience and fear of possible adverse effects are
linked to reduced patient satisfaction [7], which
in turn may lead to patients not accepting the
topical agent and non-adherence [1]. As poor
adherence is mainly related to cosmetic
acceptability, patient preferences and satisfac-
tion with the drug vehicle should be considered
to drive up adherence and improve clinical
outcomes [7, 8].

The fixed-dose combination of CAL, a vita-
min D analogue, and the corticosteroid
betamethasone dipropionate (BDP), is suggested
by American, Canadian and European treat-
ment recommendations as the first-line treat-
ment in mild-to-moderate psoriasis [9]. The
mechanism of action of the combination ther-
apy with CAL and BDP is based on the com-
plementary effects of both active ingredients on
the specific molecules involved in the patho-
physiology of psoriasis, resulting in an overall
increased therapeutic response [10]. Formula-
tions containing both CAL and BDP have been
shown to be superior to CAL or BDP as
monotherapy. The CAL/BDP fixed-dose combi-
nation also permits a once-daily regimen, which
lead to increased adherence [11]. As the con-
ventional therapeutic options with the CAL/
BDP fixed-dose combination, such as ointment,
gel or foam, may be perceived as sticky, greasy
and inconvenient to many patients, there is a
need to develop a more patient-friendly topical
treatment for psoriasis with the CAL/BDP

combination [9]. In this context, a novel cream
formulation of the CAL/BDP fixed-dose combi-
nation based on the polyaphron dispersion
(PAD) Technology has emerged as a promising
topical treatment for psoriasis. This article aims
to be a comprehensive review of the CAL/BDP
PAD-cream, summarizing the most relevant
published evidence about this product and its
underlying technology.

METHODS

On March 2023, a literature search through the
PubMed database was conducted to identify
studies on the PAD Technology and the CAL/
BDP PAD-cream use for the treatment of psori-
asis. For the identification of publications rela-
ted to this novel formulation, the search term
used was ‘‘Polyaphron Dispersion Technology’’.
For the identification of publications related to
the CAL/BDP PAD-cream, search terms included
‘‘calcipotriol’’ AND ‘‘betamethasone’’ AND
‘‘cream’. Relevant publications reporting CAL/
BDP PAD-cream results on psoriasis were inclu-
ded. Irrelevant references were excluded from
consideration. References previously known to
the authors, as well as those cited within the
included articles, were considered. Posters on
the same topic presented at medical conferences
were also evaluated. The included publications
are depicted in Table 1.

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.

PAD TECHNOLOGY

The PAD technology is a novel topical formu-
lation and drug delivery system developed with
the purpose of combining efficacy and safety in
a single product, without compromising con-
venience of therapy. This technology is based
on polyaphrons, also known as colloidal liquid
aphrons and biliquid foams, dispersed in a polar
solvent. PAD formulations consist of poly-
aphron oil droplets (range from 1 to 50 lm)
formed from an inner core of nonpolar solvent
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(containing the active ingredients solubilized in
different oils preferably close to their saturation
limits) encapsulated in an outer multimolecular
shell (formed of surfactants, oil and water) [12].

The utilization of PAD Technology confers
both chemical and physical stability based on
the high robustness of the multimolecular shell
structure. The multimolecular layer of orga-
nized surfactants, oil and water separates the
inner core from the continuous disperse phase
(typically water) and protects potentially
unstable active molecules solubilized in the oil
from hydrolytic degradation. Thus, this tech-
nology allows to mix in a water-based formu-
lation compounds that could only be mixed
through oily formulations. Moreover, as active
ingredients are fully solubilized in the inner
core of the PAD droplet, it enables increased
penetration of active ingredients to target tis-
sues. The enhanced penetration profile of PAD
formulations has been demonstrated through
in vitro Franz cell skin flux studies, in vivo
penetration in skin biopsies taken from minip-
igs and also ocular delivery in pigmented rab-
bits. Moreover, local tolerability is an important
safety parameter for topical formulations, where
high levels of surfactants can cause skin irrita-
tion. In this regard, a key benefit of PAD for-
mulations is the low level of surfactants
compared to conventional emulsion creams
and lotions (up to 30-fold lower). Favourable

local tolerability and safety of a PAD formula-
tion has been demonstrated in an 8-week der-
mal safety study in minipigs [12].

A recent study characterized the sensorial
attributes of a formulation based on the PAD
Technology but without active ingredients, the
PAD-cream vehicle, and compared it with con-
ventional formulations for psoriasis, such as an
ointment and an oleogel product. The vehicle
formulation based on the PAD Technology
showed the desirable requirements for a topical
product for the treatment of psoriasis, with an
easier manipulation than oleogel and better
sensory properties than ointment [13].

CAL/BDP PAD-CREAM

The CAL/BDP PAD-cream is a fixed-dose com-
bination of CAL and BDP formulated using the
PAD Technology, which is indicated for the
topical treatment of mild-to-moderate plaque
psoriasis, including scalp psoriasis, in adults.
The CAL/BDP PAD-cream should be applied to
affected areas once daily for up to 8 weeks. The
concentrations of active ingredients (50 lg/g
CAL and 0.5 mg/g betamethasone as dipropi-
onate, BDP) are identical to those previously
marketed CAL/BDP fixed-dose combination
products. However, in this case the PAD Tech-
nology allows for a fast absorbing, stable and

Fig. 1 Factors which influence topical therapy. Source: Adapted from Torsekar and Gautam (2007) [6]
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Table 1 Evidence of PAD Technology and CAL/BDP cream for the treatment of psoriasis

Topic Publication Description

General Pinter et al.

2023 [9]

Summary of four posters about the CAL/BDP PAD-cream that were presented at

the 30th EADV Congress 2021: (1) efficacy and safety (P1447), (2)

improvement of itch (P1388), (3) PROs (P1445) and (4) indirect comparison

versus foam (P1382)

PAD technology Praestegaard et al.

2022 [12]

Physical and chemical characteristics of PAD Technology, topical delivery of

actives, local tolerability and safety, aesthetic elegance and satisfaction with

treatment

Garcı́a et al. 2023

[13]

Sensory properties analysis of PAD-cream vehicle versus ointment and oleogel at

four different stages: appearance, pick up, rub out and afterfeel

Diffusion/

penetration

Crutchley

et al. 2022 [14]

In vitro diffusion study of CAL and BDP through human epidermis using Franz

Diffusion Cell from CAL/BDP PAD-cream as compared to CAL/BDP gel

Draelos et al.

2023 [15]

In vivo diffusion study (10 healthy female patients) of BDP and its major

metabolite B17P from CAL/BDP PAD-cream as compared to CAL/BDP gel

Efficacy and

safety

Pinter et al.

2022a [16]

Pooled analysis of the two phase III trials (MC2-01-C2 and MC2-01-C7)

comparing PGA treatment success, change from baseline in mPASI, mPASI75,

DLQI, PTCS, and safety outcomes of CAL/BDP PAD-cream versus CAL/BDP

gel and PAD-cream vehicle

Stein Gold

et al. 2021 [21]

Analysis of the US phase III trial (MC2-01-C2) comparing PGA treatment

success, change from baseline in mPASI, mPASI75, itch by NRS, PTCS, and

safety outcomes of CAL/BDP PAD-cream versus CAL/BDP gel and PAD-

cream vehicle

Pinter et al. 2022b

[20]

Clinical efficacy data on scalp (PGA treatment success and PGA controlled

disease) from the EU phase III trial (MC2-01-C7) of CAL/BDP PAD-cream

versus PAD-cream vehicle

Quality of life/

PROs

Armstrong

et al. 2022 [22]

Pooled analysis of the two phase III trials (MC2-01-C2 and MC2-01-C7)

comparing SGA success, DLQI, PTCS and EQ-VAS of CAL/BDP PAD-cream

versus CAL/BDP gel and PAD-cream vehicle

Halioua et al.

2022 [23]

Pooled analysis of the two phase III trials (MC2-01-C2 and MC2-01-C7)

comparing individual DLQI items of CAL/BDP PAD-cream versus CAL/BDP

gel and PAD-cream vehicle

Comparison

versus foam

Bewley et al.

2022 [24]

Anchored MAIC of CAL/BDP PAD-cream versus CAL/BDP foam comparing

PGA treatment success, mPASI75, DLQI-related outcomes and treatment

satisfaction

Kircik et al. 2023

[25]

Pilot study comparing patient satisfaction between CAL/BDP foam and CAL/

BDP PAD-cream formulations
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easy-to-apply aqueous formulation of CAL and
BDP, despite their pH-related instability when
combined in the presence of water. Each PAD
droplet contains a fully solubilized specific
active, CAL or BDP, surrounded by a multi-
molecular shell structure, which provides high
robustness against coalescence and maintain
their physical–chemical stability [9, 12].

CLINICAL EVIDENCE

Increased Diffusion/Penetration of CAL
and BDP

Two studies, one in vitro and one in vivo, have
evaluated the diffusion/penetration of CAL and
BDP through the epidermis and dermis with the
CAL/BDP PAD-cream as compared to CAL/BDP
gel [14, 15]. In the in vitro Franz cell skin flux
study, consistently higher amounts of CAL and
BDP diffused through the epidermis from the
CAL/BDP PAD-cream compared with the CAL/
BDP gel. The CAL/BDP PAD-cream delivered
significantly greater amounts of both BDP and
CAL over the 72 h timescale of the experiment
[14]. Consistent results were obtained in the
in vivo study conducted in 10 healthy female
subjects, where CAL/BDP PAD-cream delivered
more BDP into the upper (stratum corneum)
and lower layers (epidermis) of the skin than
CAL/BDP gel [15].

Phase III Trials

Two phase III trials have been conducted with
the CAL/BDP PAD-cream, one in the US (MC2-
01-C2, NCT03308799) and one in Europe (MC2-
01-C7, NCT03802344) [16]. Both phase III trials
had an almost identical study design (Fig. 2). In
the two cases, adult patients with mild-to-
moderate psoriasis were randomly assigned in a
3:1:3 ratio to receive either the CAL/BDP PAD-
cream, PAD-cream vehicle or CAL/BDP gel once
daily for 8 weeks [16]. The eligible trial popula-
tion for each phase III trial is described in
Table 2. Baseline demographic and disease
characteristics of patients included in the
modified intention-to-treat (mITT) population
are shown in Table 3.

Although both studies had almost the same
study design, their primary endpoints were dif-
ferent. In the US trial (MC2-01-C2) the primary
endpoint was the proportion of patients in each
treatment group with Physician Global Assess-
ment (PGA) treatment success at Week 8, while
in the European trial (MC2-01-C7) the primary
endpoint was percentage change in modified
Psoriasis Area and Severity Index (mPASI) from
baseline at Week 8 [17, 18].

The results presented in sections below cor-
respond to post-hoc pooled analyses of both
phase III clinical trials based on the mITT pop-
ulation. However, only single trial results are
shown for the improvement of itch (it was only
assessed in the US trial, MC2-01-C2) and

Table 1 continued

Topic Publication Description

Quick onset of

action

Pinter et al. 2022c

[19]

Pooled analysis of the two phase III trials (MC2-01-C2 and MC2-01-C7)

comparing Week 1 results (mPASI, PGA treatment success, PGA improvement,

PGA controlled disease, SGA success, DLQI and itch by NRS) of CAL/BDP

PAD-cream versus PAD-cream vehicle

B17P betamethasone 17-propionate, BDP betamethasone dipropionate, CAL calcipotriol, DLQI dermatology life quality
index, EQ-VAS EuroQol-visual analogue scale, EU European, mPASI modified psoriasis area and severity index, MAIC
matching-adjusted indirect comparison, NRS numerical rating scale, PAD polyaphron dispersion, PGA physician global
assessment, PRO patient-reported outcome, PTCS psoriasis treatment convenience scale, SGA subject global assessment, US
United States
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outcomes on scalp (patients with scalp psoriasis
were only included in the European trial, MC2-
01-C7). Missing data was imputed using multi-
ple imputation for all endpoints, except for
Psoriasis Treatment Convenience Scale (PTCS)
for which missing data was handled through a
Last Observation Carried Forward approach.

Efficacy

In the pooled analysis of both phase III trials,
the PGA was evaluated through three different
outcomes: (1) PGA improvement, defined as
any improvement (C 1 grade) in PGA from
baseline; (2) PGA controlled disease, defined as
any improvement in PGA to score of 0 (‘clear’)
or 1 (‘almost clear’) from baseline; and (3) PGA
treatment success, defined as a PGA score of 0
(‘clear’) or 1 (‘almost clear’) and with a mini-
mum 2 points improvement from baseline.
Other efficacy outcomes assessed during phase
III trials were the mean percentage change from
baseline in mPASI score, the percentage of
patients achieving mPASI75 and the percentage
of patients achieving C 4-points improvement
of itch in a numerical rating scale (NRS)
(Table 4).

PGA treatment success was observed in both
phase III clinical trials [16]. A statistically sig-
nificant higher proportion of patients in the
CAL/BDP PAD-cream group than in the CAL/
BDP gel group achieved PGA treatment success

at Week 8 (43.2% vs 31.9%; P\0.0001). The
difference in PGA treatment success between
CAL/BDP PAD-cream and CAL/BDP gel was
statistically significant from Week 4 and
onwards (Table 4). The efficacy of CAL/BDP
PAD-cream, assessed through the PGA treat-
ment success, improved as baseline severity
increased, while CAL/BDP gel lost efficacy as
baseline severity increased. PGA treatment suc-
cess for patients with BSA B 10 and BSA[10
was 41.7% and 48.3%, respectively, while the
corresponding values for CAL/BDP gel were
33.0% and 28.7% [16]. Already at Week 1, sig-
nificantly more patients in the CAL/BDP PAD-
cream group compared to PAD-cream vehicle
group achieved PGA treatment success (3.6% vs
0.0%; P\0.0001), PGA controlled disease
(7.8% vs 1.3%; P\ 0.0001) and C 1-grade PGA
improvement (36.0% vs 12.6%; P\ 0.0001)
[19].

PGA on the scalp was evaluated at the
European phase III trial (MC2-01-C7), including
patients with at least 10% of scalp involvement
and a PGA on the scalp of at least mild severity
(grade 2) at baseline (CAL/BDP cream, n = 112;
PAD-cream vehicle, n = 38) [20]. At Week 8, the
50.8% of patients achieved PGA treatment suc-
cess on the scalp in the CAL/BDP PAD-cream
group versus 9.3% in the PAD-cream vehicle
group (P = 0.0001). Comparable differentiation
between the two arms was also present at Week
4 (P = 0.0095) and Week 6 (P = 0.0007)
(Table 4). Statistically significant differences in

Fig. 2 Design of the phase III trials conducted with the
CAL/BDP PAD-cream. BDP betamethasone dipropi-
onate, CAL calcipotriol, EU Europe, PAD polyaphron

dispersion, R randomization, US United States, W week.
Source: Adapted from Pinter et al. 2022a [16]
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PGA controlled disease on the scalp, defined as
any improvement in PGA to score of 0 (’clear’)
or 1 (’almost clear’) from baseline, between
CAL/BDP PAD-cream and PAD-cream vehicle
were already seen at Week 1 (29.5% vs 0.1%;
P\ 0.0001). Comparable differentiation
between CAL/BDP PAD-cream and PAD-cream
vehicle was also present at Week 6 (P\0.0001)

and Week 8 (P\0.0001). At Week 4, 52.1% of
patients in the CAL/BDP PAD-cream group
achieved PGA controlled disease on the scalp,
increasing to 68.3% at Week 8 (Table 4).

The mean percentage change in mPASI score
from baseline to Week 8 was statistically greater
for CAL/BDP PAD-cream than CAL/BDP gel
(- 64.6% vs - 56.4%; P\ 0.0001). The differ-
ence in mPASI reduction between both groups
was statistically significant as early as Week 1
(P = 0.0009) (Table 4). The percentage of
patients achieving mPASI75 was statistically
significant higher in the CAL/BDP PAD-cream
group than in the CAL/BDP gel group at Week 4
(22.1% vs 13.7%; P = 0.0004), with a statisti-
cally significant difference being maintained at
Week 6 (P\ 0.0001) and Week 8 (P = 0.0011)
(Table 4). The percentage of patients with BSA
B 10 and[ 10 obtaining mPASI75 with CAL/
BDP PAD-cream was 43.6% and 46.5%, while
the corresponding values for CAL/BDP gel were
35.2% and 32.5% (P = 0.0044 and P = 0.0012,
respectively) [16].

The improvement of itch was evaluated in
the US trial (MC2-01-C2) through a 11-point
NRS scale. A 4-points or greater improvement of
itch in the NRS scale was considered clinically
meaningful [21]. A higher percentage of
patients obtained a C 4-point improvement of
itch in the CAL/BDP PAD-cream group com-
pared with CAL/BDP gel already at Week 1
(44.0% vs 36.9%; P = 0.0241). At Week 4, a
numerically higher proportion of patients in
the CAL/BDP PAD-cream group compared with
the CAL/BDP gel group achieved a C 4-point
improvement of itch (60.2% vs 55.8%), but the
difference was not statistically significant
(Table 4). Itch was not evaluated in the Euro-
pean trial (MC2-01-C7).

Safety

Table 5 shows the adverse reactions reported for
CAL/BDP PAD-cream during the two phase III
clinical trials (MC2-01-C2 and MC2-01-C7). All
adverse reactions were observed at a frequency
below 1% (uncommon). The most common
System Organ Class was ‘General disorders and
administration site conditions’ (2.7%), with

Table 2 Description of the eligible population of the
CAL/BDP PAD-cream phase III trials (MC2-01-C2 and
MC2-01-C7). Sources: Adapted from ClinicalTrials.gov
NCT03308799 [18] and NCT03802344 [17]

Main
inclusion
criteria

US trial
(MC2-01-C2) [18]

EU trial
(MC2-01-C7) [17]

Age Adult patients

(C 18 years old at

the time of

screening)

Adult patients

(C 18 years old at

the time of

screening)

Disease Plaque psoriasis of at

least 6 months that

involved non-scalp

regions of the body

(trunk and/or

limbs)

Plaque psoriasis of at

least 6 months that

involved the body

(trunk and/or

limbs) and could

also affect the scalp

PGA Mild or moderate on

the body (trunk

and/or limbs)

Mild or moderate on

the body (trunk

and/or limbs)

mPASI mPASI score of at

least 2

mPASI score of at

least 3

BSA 2–30% of the BSA 2–30% of the body

(trunk and/or

limbs) and total

treatment area on

body and scalp not

exceeding 30%, if

scalp psoriasis was

included in the

treatment area

BSA body surface area, EU European, mPASI modified
psoriasis area and severity index, PGA physician global
assessment, US United States
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application site pain, irritation and pruritus
being the most frequent local site reactions
(each with a frequency of 0.7%) (Table 5). When
comparing the safety profile of CAL/BDP PAD-
cream with CAL/BDP gel and PAD-cream vehi-
cle, there were no statistically significant dif-
ferences between treatment groups in relation
to the proportion of patients experiencing a
treatment-emergent adverse event (TEAE).
Adverse drug reactions were seen in 4.1%, 2.6%
and 6.6% of patients in the CAL/BDP PAD-
cream, CAL/BDP gel and PAD-cream vehicle
groups, respectively. The adverse reactions
reported for CAL/BDP PAD-cream were similar
to other CAL/BDP fixed-dose combinations. A
total of 26 (2.0%) patients reported a serious

adverse event, none of which was assessed to be
related to the trial medication by the investi-
gator, and the frequency was similar between
the three treatment groups. Moreover, labora-
tory data did not indicate alteration of the cal-
cium metabolism driven by CAL in the CAL/
BDP PAD-cream group nor in the other treat-
ment groups during the phase III trials [16].

Quality of Life/Patient Reported Outcomes

The impact of CAL/BDP PAD-cream treatment
on treatment satisfaction and quality of life was
assessed through the following patient-reported
outcomes during the phase III trials: Subject

Table 3 Baseline demographic and disease characteristics of patients included in the pooled mITT population of the CAL/
BDP PAD-cream phase III trials (MC2-01-C2 and MC2-01-C7). Sources: Adapted from Pinter et al. 2022a [16] and
Armstrong et al. 2022 [22]

CAL/BDP PAD-cream
(N = 551)

PAD-cream vehicle
(N = 178)

CAL/BDP gel
(N = 542)

Total
(N = 1271)

Years of age, mean

(SD)

50.9 (14.1) 50.6 (13.8) 52.2 (14.2) 51.4 (14.1)

Males, % 61.2 63.5 61.4 61.6

Ethnicity, %

Hispanic or Latino 18.0 16.9 16.8 17.3

Not Hispanic or

Latino

82.0 83.1 83.2 82.7

Race, %

White 90.4 91.6 92.3 91.3

Black/African

Americans

6.2 6.7 3.7 5.2

Other 3.4 1.7 4.1 3.5

PGA, mean (SD) 2.8 (0.4) 2.8 (0.4) 2.8 (0.4) 2.8 (0.4)

mPASI, mean (SD) 7.5 (3.9) 7.6 (4.0) 7.8 (4.0) 7.7 (4.0)

% BSA, mean (SD) 8.0 (6.4) 8.7 (6.6) 8.7 (6.9) 8.4 (6.6)

SGA, mean (SD) 2.8 (0.8) 2.8 (0.8) 2.9 (0.8) 2.8 (0.8)

DLQI, mean (SD) 9.6 (6.0) 9.3 (6.2) 9.9 (6.7) 9.7 (6.3)

BDP betamethasone dipropionate, BSA body surface area, CAL calcipotriol, DLQI dermatology life quality index, mPASI
modified psoriasis area and severity index, PAD polyaphron dispersion, PGA physician global assessment, SD standard
deviation
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Global Assessment (SGA), Dermatology Life
Quality Index (DLQI), PTCS and EuroQol-visual
analogue scale (EQ-VAS) (Table 6).

The proportion of patients evaluating their
treatment to have improved by 2 grades to clear
or very mild disease on the 5-grade SGA scale,
named as SGA success, was significantly higher
in the CAL/BDP PAD-cream group compared to
the CAL/BDP gel group at Week 4 (24.4% vs
16.8%; P = 0.0006), Week 6 (35.6% vs 25.1%,
P\ 0.0001) and Week 8 (44.2% vs 27.9%,
P\ 0.0001) (Table 6). After one week of treat-
ment, a significantly higher proportion of
patients in the CAL/BDP PAD-cream group
achieved SGA success (8.2% vs 2.2%;
P = 0.0096) and C 1-grade improvement in SGA
score (45.6% vs 31.3%; P = 0.0003) compared to
the PAD-cream vehicle group [19].

Regarding DLQI results, the CAL/BDP PAD-
cream group had a significantly greater
improvement in the mean change from base-
line in total DLQI score compared to the CAL/
BDP gel group at Week 4 (- 5.7 vs - 5.0;
P = 0.0002) and also at Week 8 (- 6.5 vs - 5.6;
P\ 0.0001) (Table 6). The percentage of
patients achieving DLQI satisfaction, defined as
a DLQI score of 0 or 1 (i.e., no impact of disease
on the patient’s life), was significantly higher in
the CAL/BDP PAD-cream group than in the
CAL/BDP gel group at Week 1 (18.9% vs 15.6%,
P = 0.0435) and Week 8 (43.8% vs 34.2%;
P = 0.0005) (Table 6). A 4-points or greater
improvement of DLQI was considered to be the
minimal clinically important difference (MCID)
[22]. A significantly higher proportion of
patients achieved a C 4-point DLQI improve-
ment from baseline in the CAL/BDP PAD-cream
group compared to CAL/BDP gel group at all
evaluated timepoints, including Week 1 (45.2%
vs 38.1%; P = 0.0028), Week 4 (61.3% vs 54.5%;
P = 0.0108) and Week 8 (65.7% vs 58.8%;
P = 0.0129) (Table 6). When focusing on indi-
vidual DLQI items, 8 out of 10 questions were
significantly in favour of CAL/BDP PAD-cream
over CAL/BDP gel at Week 8, including ques-
tions addressing influence on the choice of
clothing, sexual difficulties and also difficulties
to do sports. For many of the individual items,
the statistical difference was already seen at
Week 4, and with regards to whether the

treatment influences messiness at home or tak-
ing up time (as defined in DLQI item 10), the
difference was found to be already significant at
Week 1 in favour of CAL/BDP PAD-cream
(P = 0.0034) [23].

The impact and convenience of the psoriasis
treatment was evaluated by patients at Week 1,
Week 4 and Week 8 through the PTCS. This

Table 5 Adverse reactions reported for CAL/BDP PAD-
cream in phase III trials (MC2-01-C2 and MC2-01-C7).
Source: Adapted from Pinter et al. 2022a [16]

Adverse reactions reported for CAL/BDP
PAD-cream (N = 555)

N (%)

General disorders and administration site

conditions

15 (2.7)

Application site eczema 1 (0.2)

Application site erosion 2 (0.4)

Application site exfoliation 1 (0.2)

Application site irritation 4 (0.7)

Application site pain 4 (0.7)

Application site pruritus 4 (0.7)

Application site telangiectasia 1 (0.2)

Infections and infestations 2 (0.4)

Application site folliculitis 2 (0.4)

Investigations 1 (0.2)

Blood parathyroid hormone increased 1 (0.2)

Nervous system disorders 1 (0.2)

Headache 1 (0.2)

Psychiatric disorders 1 (0.2)

Insomnia 1 (0.2)

Skin and subcutaneous tissue disorders 4 (0.7)

Pruritus 1 (0.2)

Rash 1 (0.2)

Skin erosion 1 (0.2)

Urticaria 1 (0.2)

BDP betamethasone dipropionate, CAL calcipotriol, PAD
polyaphron dispersion
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scale included five self-reported, treatment-
specific questions rated on a 10-point scale
(range from 1 to 10) and a further sixth question
regarding the patient’s overall satisfaction with
the medical treatment. The PTCS Total Score is
obtained by the sum of the first five questions
(range from 5 to 50) [22]. The mean PTCS Total
score was significantly higher for the CAL/BDP
PAD-cream compared with the CAL/BDP gel
already at Week 1 (39.1 vs 36.4; P\ 0.0001).
Similarly, significantly greater treatment con-
venience for CAL/BDP PAD-cream than CAL/
BDP gel was also observed at Week 4 (39.6 vs
36.6; P\ 0.0001) and Week 8 (40.4 vs 37.0;
P\ 0.0001) (Table 6). When considering indi-
vidual PTCS questions, pooled data from both
phase III trials also demonstrated significantly
higher scores in favour of CAL/BDP PAD-cream,
including questions addressing the greasiness of
the formulation and the overall satisfaction
with the medical treatment [22].

In the EQ-VAS, the patient provided a per-
ception of his/her current overall health (range
from 0 to 100), with higher scores correspond-
ing to a better overall health [22]. The EQ-VAS
improved in all treatment arms, with a signifi-
cantly better improvement with CAL/BDP PAD-
cream than with CAL/BDP gel at Week 8 (6.6 vs
6.1; P = 0.0158) (Table 6).

Comparison Versus CAL/BDP Foam

As there was no published direct comparison of
the CAL/BDP foam and CAL/BDP PAD-cream,
an indirect comparison was made. Bewley et al.
had access to individual patient data for the two
phase III trials for CAL/BDP PAD-cream (MC2-
01-C2 and MC2-01-C7) and combined them
with aggregated summary data of two CAL/BDP
foam trials available in publications (the PSO-
ABLE [NCT02132936] and PSO-INSIGHTFUL
[NCT02310646] trials). These two CAL/BDP
foam trials were selected as they were the only
ones sharing a common comparator with the
CAL/BDP PAD-cream trials, the CAL/BDP gel.
The presence of this common comparator
allowed for an anchored matching-adjusted
indirect comparison (MAIC) to be undertaken
[24].

A total of 11 outcomes were chosen to anal-
yse efficacy, quality of life and treatment satis-
faction. Outcomes were assessed at the
recommended treatment duration for each
treatment (Week 8 for CAL/BDP PAD-cream and
CAL/BDP gel, and Week 4 for CAL/BDP foam)
except treatment satisfaction that was assessed
after one week for each treatment. Treatment
satisfaction was measured with six equivalent
questions from the PTCS of CAL/BDP PAD-
cream trials and the Topical Product Usability
Questionnaire (TPUQ) of the PSO-INSIGHTFUL
study. The comparison of treatment satisfaction
outcomes could only be made after one week of
treatment because, in the PSO-INSIGHTFUL
study, CAL/BDP foam and CAL/BDP gel were
used only for one week, and this was the only
study comparing the foam and gel formulations
in these satisfaction and convenience variables
[24].

There were no statistically significant differ-
ences in PGA success, mPASI75 or DLQI out-
comes between CAL/BDP PAD-cream and CAL/
BDP foam when they were compared after their
recommended treatment durations (8 weeks for
cream and 4 weeks for foam). However, for
treatment satisfaction after one week of treat-
ment, CAL/BDP PAD-cream obtained signifi-
cantly greater results than CAL/BDP foam in all
domains of the questionnaires except for ‘easily
incorporated into daily routine’ [24]. The satis-
faction/convenience results in favour of CAL/
BDP PAD-cream were confirmed in a recently
published pilot trial [25].

Kircik et al. evaluated patient preference for
CAL/BDP PAD-cream versus CAL/BDP foam
through a pilot study involving 20 patients. Ten
patients additionally had scalp psoriasis. CAL/
BDP PAD-cream outperformed the foam for-
mulation on several key measures for vehicle
features and patient satisfaction. More than half
of the patients preferred CAL/BDP PAD-cream
over CAL/BDP foam for scalp (60%) and non-
scalp application (55%) [25].

DISCUSSION

Although topical therapy is essential in the
management of psoriasis, poor patient

Dermatol Ther (Heidelb) (2023) 13:2153–2169 2165



adherence to topicals impacts its long-term
effectiveness [7, 26]. Considering that an
improvement in the vehicle has the potential to
result in significant clinical patient benefits
[27], new drug vehicles for the topical treatment
of psoriasis should be designed taking into
account patient preferences. In this context, the
CAL/BDP PAD-cream represents a novel
promising formulation based on PAD Technol-
ogy that combines high efficacy, favourable
safety and tolerability and patient convenience
in a single product for topical psoriasis treat-
ment [9].

The CAL/BDP PAD-cream stands out because
of the novelty of its formulation, which has
been designed to be cosmetically pleasing and
to be applicable to several body locations,
including the scalp. PAD formulations are typ-
ically oil-in-water dispersions consisting of oil
droplets encapsulated in a multi-molecular shell
structure that protects potentially unstable ac-
tive molecules solubilized in the oil from
hydrolytic degradation. Through the PAD
Technology, CAL and BDP can be stable even in
the presence of water, which otherwise would
lead to significant degradation of the two active
ingredients [12]. The PAD Technology also
allows an optimal delivery of actives to the
target tissue [12], which has been demonstrated
through two diffusion/penetration studies
[14, 15].

In the two phase III trials, CAL/BDP PAD-
cream obtained good efficacy results. After
8 weeks of once-daily use, there was a greater
achievement of PGA treatment success, an
increased reduction of mPASI and a higher
proportion of patients reaching mPASI75 in the
CAL/BDP PAD-cream group than in the CAL/
BDP gel [16]. CAL/BDP PAD-cream demon-
strated to have also a quick onset of action, as
there were statistically significant differences in
favour of CAL/BDP PAD-cream already seen at
Week 1 in both efficacy and patient-reported
outcomes [16, 19]. Moreover, results from the
European trial (MC2-01-C7) also support the
use of CAL/BDP PAD-cream on the scalp. As
mentioned above, the PAD Technology pro-
vides high flexibility in topical drug design and
allows the application of the product to several
body locations [12]. The higher efficacy of the

CAL/BDP PAD-cream as compared to CAL/BDP
gel obtained in the phase III trials may be
explained due to the increased diffusion/pene-
tration of actives given through the PAD Tech-
nology. Two diffusion/penetration studies have
demonstrated that the CAL/BDP PAD-cream
deliver higher amounts of CAL and BDP
through the epidermis and dermis than CAL/
BDP gel [14, 15].

Regarding safety results of the phase III trials,
the CAL/BDP PAD-cream revealed a favourable
safety profile, on par with the safety profile of
other CAL/BDP products. There were no adverse
drug reactions reported with a frequency of
[1% associated with the CAL/BDP PAD-cream,
with the majority of adverse drug reactions
being local site reactions [16].

Based on patient-reported outcomes results,
the CAL/BDP PAD-cream seems to be more
accepted by the patients than the CAL/BDP gel.
The PTCS results showed superior treatment
convenience for CAL/BDP PAD-cream com-
pared with the CAL/BDP gel for all studied
timepoints. Furthermore, the SGA success
reported by patients mirrored the PGA treat-
ment success reported by physicians, showing
similar results at Week 8. The health-related
quality of life, assessed through the DLQI, con-
sistently demonstrated a significantly greater
improvement for CAL/BDP PAD-cream than
CAL/BDP gel [22]. Moreover, there is indirect
evidence that patients could find CAL/BDP
PAD-cream to be more convenient than CAL/
BDP foam. Through an anchored MAIC analy-
sis, a type of robust indirect comparison, CAL/
BDP PAD-cream was compared to CAL/BDP
foam as both products had been previously
compared to CAL/BDP gel. Although CAL/BDP
PAD-cream and CAL/BDP foam showed no sta-
tistical differences for efficacy and quality of life
outcomes, there was a statistically significant
effect in favour of CAL/BDP PAD-cream in all
domains except one of the treatment satisfac-
tion assessments after one week of treatment
[24]. These results are in line with a recently
published study including 20 patients, in which
patients showed high levels of satisfaction with
the CAL/BDP PAD-cream and preference over
the CAL/BDP foam for the treatment of body
and scalp psoriasis [25]. The good convenience
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and treatment satisfaction obtained with CAL/
BDP PAD-cream may be explained by its good
sensory attributes. In a sensorial analysis, the
CAL/BDP PAD-cream vehicle, which had the
exact same properties as CAL/BDP PAD-cream,
showed low stickiness, low greasiness, good
spreadability and once the CAL/BDP PAD-cream
vehicle was absorbed, the gloss disappeared
quickly, leaving low stickiness and a low
amount of residue [13]. These attributes corre-
spond to the ones generally preferred by patients
for topical psoriasis treatments [28]. This is par-
ticularly relevant in psoriasis clinical practice,
because if patients are satisfied with the treat-
ment, they will be willing to continue using the
treatment, which will lead to increased patient
adherence and hence better efficacy.

Taking everything into account, the CAL/
BDP PAD-cream represents a novel topical for-
mulation for psoriasis treatment based on PAD
Technology. Further investigations should take
place, including head-to-head clinical trials
versus CAL/BDP foam to confirm the results
obtained in the MAIC analysis, as well as real-
world evidence of CAL/BDP PAD-cream to sup-
port the results of phase III trials and expected
increased adherence in a real-world setting.

CONCLUSION

The CAL/BDP PAD-cream is a novel formulation
containing the fixed-dose combination of CAL/
BDP, designed for a convenient topical treat-
ment of plaque psoriasis of the body and scalp,
in adults. The PAD Technology enables CAL/
BDP stability in aqueous cream and boosts der-
mal absorption, as well as it increases patient
cosmetic acceptance. Overall, the high patient
acceptability and the treatment satisfaction of
CAL/BDP PAD-cream shown in clinical trials
may lead to improved patient adherence and,
consequently, enhanced treatment outcomes in
clinical practice, making this novel formulation
based on PAD Technology a very interesting
topical treatment for psoriasis.
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