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Abstract

Background: Fixed combination calcipotriol 50 pg/g (Cal; as hydrate) plus betamethasone 0.5 mg/g (as dipropionate; BD)

has been formulated in an innovative aerosol foam.

Objective: To assess systemic safety of Cal/BD aerosol foam.

Methods: In a multicentre, single-arm, open-label, maximal-use systemic-exposure trial, adult patients with moderate
to severe, extensive psoriasis (15%-30% of body surface area, including >30% of scalp) applied Cal/BD foam once daily.
Endpoints were week 4 abnormal adrenocorticotropic hormone (ACTH) challenge test and change in albumin-corrected
serum calcium, 24-hour urinary calcium excretion, and urinary calcium-creatinine ratio.

Results: 35 patients reaching week 4 exhibited normal ACTH responses. At week 4, changes in calcium homeostasis were
minor and not clinically relevant; no patients experienced elevations above normal. Disease severity generally improved, and
49% of patients achieved treatment success according to the Physician’s Global Assessment of Disease Severity.
Conclusion: No clinically relevant HPA axis or calcium homeostasis impact was observed with 4 weeks of once-daily Cal/

BD foam in patients with extensive psoriasis vulgaris.
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Psoriasis is a chronic, inflammatory disease that affects 2% to
4% of Western populations and manifests as red, scaly plaques
on the skin.! A recent World Health Organization resolution
aims to bring attention to the condition, describing it as a dis-
figuring and disabling disease for which there is no cure.”
Psoriasis is frequently accompanied by multiple physical and
psychological comorbidities, such as metabolic syndrome,
psoriatic arthritis, and depression.’ Patients with inadequately
managed psoriasis can experience substantial burden of ill-
ness, with reductions in quality of life similar to those experi-
enced by patients with diabetes or cancer,’ and patients may
experience social stigmatization, sometimes magnified by
anticipation of rejection and feelings of guilt and shame.’

The ultimate goal of psoriasis management is complete
clearance of skin symptoms, and the consensus definition for
maintaining a patient’s current psoriasis therapy is achievement
of 75% (or 50% in some cases) reduction in psoriasis area and
severity index from baseline.® Current therapeutic options
include a variety of topical therapies, and both American and
European guidelines recommend combination vitamin D_ ana-
logues and topical corticosteroids, such as fixed combination

calcipotriol 50 pg/g (as hydrate; Cal) plus betamethasone 0.5
mg/g (as dipropionate; BD), as first-line topical therapy for
patients with mild to moderate psoriasis.** Fixed combination
Cal/BD in both ointment and gel (topical suspension) formula-
tions has been studied extensively in the first-line topical setting
and provides fast and effective control that is more efficacious
than its component monotherapies.”'' A new alcohol-free aero-
sol foam formulation of fixed combination Cal/BD has been
developed for the topical treatment of psoriasis vulgaris. New
methods of psoriasis drug delivery are the subject of ongoing
research,'? and the fixed combination Cal/BD aerosol foam
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formulation has been developed to enhance delivery of the
active components onto the skin and potentially provide a more
cosmetically acceptable alternative for patients than currently
available ointment and gel formulations.

In rare cases, the use of topical corticosteroids and vitamin
D, analogues has been associated with reversible suppression of
the hypothalamic-pituitary-adrenal (HPA) axis" and calcium
changes  (hypercalcaemia/hypercalciuria),  respectively.'*
Studies have shown that foam formulations provide enhanced
penetration'>'® and that Cal/BD foam provides significant
improvement in antipsoriatic effects compared with earlier for-
mulations'®'”; consequently, evaluation for potential systemic
adverse events (AEs) is an important element in the clinical
investigation of this new product. The objective of this maxi-
mal-use systemic-exposure (MUSE) trial was to assess the sys-
temic safety of Cal/BD aerosol foam via evaluation of HPA axis
function and calcium homeostasis in maximum-use conditions.

Methods

Patients

Adult patients (aged >18 years) with extensive psoriasis vul-
garis of at least moderate disease severity according to the
Physician’s Global Assessment of Disease Severity (PGA)
on the trunk, limbs, and scalp were enrolled. Extensive dis-
ease was defined as total involvement of between 15% and
30% of the body surface area (BSA), including a minimum
of 30% scalp involvement. Psoriatic lesions of the face, geni-
tals, and skin folds were not included in the BSA assessment.
Patients were required to exhibit normal HPA axis function,
including serum cortisol levels greater than 138 nmol/L
before adrenocorticotropic hormone (ACTH) challenge and
serum cortisol levels greater than 497 nmol/L 30 minutes
after an ACTH challenge test during screening, as well as
albumin-corrected serum calcium levels below the upper
limit of normal. Patients had psoriasis for a minimum of 6
months and were amenable to topical treatment with a maxi-
mum of 120 g of trial medication per week.

Patients with a known or suspected condition affecting
cortisol levels or HPA axis integrity (depression and endo-
crine disorders such as Cushing’s disease, Addison’s disease,
or diabetes mellitus) or disorders of calcium metabolism
associated with hypercalcaemia could not enroll. Washout
periods for treatments known to affect cortisol levels or HPA
axis integrity, calcium metabolism, or psoriasis (excluding
emollients) were routine and ranged between 2 and 8 weeks
prior to entry; some biologics were forbidden up to 16 weeks
prior to treatment. Please see the supplementary material for
more details (available online at http://cms.sagepub.com).

Study Design

This was a multicentre, open-label, single-arm, 4-week
trial enrolling patients with psoriasis from 8 centres in

Canada. Patients applied Cal/BD aerosol foam once daily
to all lesions on the trunk, limbs, and scalp (excluding skin
folds, face, and genitals). Training on how to apply treat-
ment and first treatment application occurred at treatment
baseline (day 0). Baseline for laboratory assessments was
screening visit 2, which was held between 3 and 7 days
before the first treatment application (for more informa-
tion, see the study design figure in the supplementary
material).

Patients returned for assessment at weeks 2 and 4 and, if
required, for a safety follow-up visit either 2 or 4 weeks after
study day 28. The institutional review boards or independent
ethics committees of all investigational sites approved the
protocol. The study was performed in accordance with the
Declaration of Helsinki and Good Clinical Practice. The
clinicaltrials.gov study identifier is NCT01600222.

Study Objectives

The study objective was to evaluate the effect of once-daily
use of Cal/BD aerosol foam on the HPA axis and calcium
homeostasis in patients with extensive psoriasis vulgaris.
Other objectives included assessment of safety by AEs and
standard clinical laboratory tests, pharmacokinetics (PK),
and efficacy.

The primary endpoints were patients with serum cortisol
levels 497 nmol/L or less at 30 minutes after the ACTH chal-
lenge test at week 4 as well as changes from baseline to week
4 in albumin-corrected serum calcium, 24-hour urinary cal-
cium excretion, and ratio of urinary calcium to creatinine.
Secondary endpoints included serum cortisol concentration
of 497 nmol/L or less at 30 and 60 minutes after the ACTH
challenge test at week 4 and PK assessment. Additional sec-
ondary endpoint assessments were changes in levels of
serum phosphate, serum alkaline phosphatase (ALP), plasma
parathyroid hormone (PTH), 24-hour urinary phosphate
excretion, and urinary phosphate-creatinine ratio from base-
line to week 4.

Assessments

An ACTH challenge test using a standard intravenous
injection of cosyntropin 250 mg was conducted at baseline
and week 4 to evaluate HPA axis function. Serum cortisol
levels were evaluated before stimulation and 30 and 60
minutes after stimulation. Potential adrenal suppression
was indicated if serum cortisol levels were 497 nmol/L or
less at 30 minutes after the injection. Cortisol assay details
are available in the supplementary material. Evaluation of
albumin-corrected serum calcium, 24-hour urinary excre-
tion of calcium, and urinary calcium-creatinine ratio, as
well as other calcium-related parameters (serum phosphate,
serum ALP, plasma PTH, 24-hour urinary phosphate, uri-
nary phosphate-creatinine ratio) was performed at baseline
and week 4.
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Severity of psoriasis was evaluated according to the
S5-point PGA scale (clear, almost clear, mild, moderate,
severe) at baseline, week 2, and week 4. Treatment success
was defined as achievement of clear or almost clear on PGA.
AEs were recorded throughout the study and coded in accor-
dance with the current version of the Medical Dictionary for
Regulatory Activities.

Predose blood samples drawn at baseline, week 2, and
week 4 were used to assess PK. At week 4, blood samples
were also collected 1, 2, 3, 5, and 7 hours after Cal/BD
aerosol foam application. Plasma concentrations of BD and
Cal and their main metabolites betamethasone 17-propio-
nate and MC1080 were analyzed using a sensitive, specific,
and validated bioanalytical method involving liquid chro-
matography with tandem mass spectrometry (data on file at
LEO Pharma). The bioanalysis was performed at ICON
Development Solutions (Whitesboro, New York, USA).
The lower limit of quantification (LLOQ) was 30 pg/mL for
BD and betamethasone 17-propionate, 50 pg/mL for Cal,
and 20 pg/mL for MC1080.

Statistical Analysis

A sample size of 30 patients providing data for the ACTH
challenge test at the end of treatment was regarded as ade-
quate for an HPA axis study. Statistical analyses were
descriptive. In the analysis of the efficacy endpoint, the last-
observation-carried-forward method was used to replace any
missing values at the end-of-treatment visit. For all other
endpoints, an observed-cases approach was adopted.

Results

Patient Characteristics

Thirty-seven patients (mean age 48 years; 46% female) were
enrolled and received Cal/BD aerosol foam; 35 patients
completed the study per protocol. Two patients were with-
drawn from treatment after 14 days; 1 patient had serum cor-
tisol levels 497 nmol/L or less at the 30-minute test following
the ACTH challenge test at baseline, and 1 patient took pro-
hibited concomitant medication (escitalopram). At baseline,
24% of patients had severe disease according to PGA, and
mean BSA involvement was 21% (Table 1) (definitions of
PGA categories can be found in the table in the supplemen-
tary material). A mean of 62 g/wk (range, 13.5-113 g/wk)
Cal/BD aerosol foam was used during the study.

Safety

HPA Axis and Calcium Homeostasis. All of the 35 patients who
reached week 4 exhibited a normal response to ACTH stimu-
lation (serum cortisol >497 nmol/L 30 minutes after ACTH
stimulation) (Figure 1). Normal responses were also seen 60
minutes after ACTH stimulation.

Median albumin-corrected serum calcium levels were
within the normal range (2.15-2.55 mmol/L) at baseline
and week 4 (2.23 mmol/L; interquartile range [IQR], 2.18-
2.28), with a median decrease of —0.02 mmol/L. Median
24-hour urinary calcium levels were within the normal
range (2.5-7.5 mmol/24 h) at baseline and week 4 (2.9
mmol/24 h; IQR 1.9-4.2), with a median decrease of —0.3
mmol/24 h. The median urinary calcium-creatinine ratio
was within the reference range (0.225-8.2 mmol/g for
women and 0.3-6.1 mmol/g for men) at baseline and at
week 4 (2.65 mmol/g; IQR, 1.68-3.68), with a median
increase of 0.05 mmol/g.

No patients had elevations above the normal range in
any calcium homeostasis parameter at week 4. Four of 6
patients with low albumin-corrected serum calcium levels
at baseline had levels shifted into the normal range by
week 4 (Figure 2a; some patients had levels shifting in the
opposite direction). Shifts in 24-hour urinary calcium were
observed in both directions (Figure 2b), and no increases
above the normal range were seen in the calcium-creati-
nine ratio (Figure 2c).

The secondary calcium homeostasis endpoints were the
changes from baseline to week 4 in serum phosphate, serum
ALP, plasma PTH, 24-hour urinary phosphate excretion, and
urinary phosphate-creatinine ratio. The median levels for
each of the secondary calcium homeostasis parameters were
within the reference ranges at both baseline and week 4, and
the median changes from baseline to week 4 were small and
not considered clinically significant. A small number of
patients had shifts from the normal to high category for
24-hour urinary phosphate excretion (1 patient), urinary
phosphate-creatinine ratio (1 patient), serum ALP (1 patient),
and plasma PTH (4 patients). One patient had a shift from a
normal 24-hour urinary phosphate excretion value at baseline
to a low value at week 4. None of these shifts were considered
clinically relevant.

AEs and Standard Safety Laboratory Tests. All patients were
analyzed for safety parameters (safety analysis set included
all 37 patients). Four patients (11%) reported 6 AEs of mostly
mild or moderate intensity, and no specific AE was experi-
enced by more than 1 patient (Table 2). One of the events,
severe erythema, which occurred within 4 days of treatment,
was considered related to treatment. The other 5 AEs were
considered not related to treatment. There were no clinically
significant changes in haematologic, biochemical, or urinal-
ysis parameters.

Pharmacokinetics

All 35 patients who completed the study per protocol were
included in the PK analysis. Measurable plasma concentra-
tions of Cal, BD, and the Cal metabolite MC1080 were avail-
able at some time points in 1, 5, and 3 patients, respectively.
Twenty-seven patients had measureable concentrations of
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Table I. Patient Demographics and Disease Characteristics at
Baseline. 5 10007 °
E o ° ’
Description Statistic £ o © 0
o 800 o % © .
Randomized, n (%) 37 (100) % e . C . °
Female 17 (46) 5 500 ° Lo . %c
Male 20 (54) £ ° ° .
Mean age (SD), y 48 (14) 1:,
Race, n (%) é 400
White 30 (81) S
Black or African American 2 (5) ‘g 200
Other, including Asian, American 5(14) 5
Indian, or Alaska Native £
Ethnicity, n (%) © 0 ' ' . . . .
Not Hispanic or Latino 36 (97) 0 20 40 60 80 100 120
Hispanic or Latino | (3) Active drug usage (g/week)
Fitzpatrick skin type,” n (%)
I 4(11) Figure I. Serum cortisol levels 30 minutes after
I 10 (27) adrenocorticotropic hormone (ACTH) challenge test at week
1] 16 (43) 4 versus average weekly drug use. Data are from patients who
v 4(I1) completed the study per protocol and with drug usage data (n = 32).
Vv I (3) The cortisol assay used was the Siemens ADVIA Centaur XP.
Vi 2(3)
Mean duration of psoriasis (SD), y 16 (12) percentage of patients in each PGA category is summarized
PGA at baseline, n (%) in Figure 3.
Moderate 28 (76)
Severe 9 (24)
Psoriasis involvement, mean (SD), % body surface area Discussion
Trunk and limbs 18 (5)
Scalp 3(2) This MUSE trial found that maximal-dose systemic expo-
Total 21 (5) sure to Cal/BD aerosol foam resulted in no clinically relevant
Psoriasis involvement on scalp, mean 50 (23) impact on the HPA axis and calcium homeostasis. The

(SD), % scalp

Skin type classification: type | (white: always burns easily; never tans);
type Il (white: always burns easily; tans minimally); type Ill (white: burns
moderately; tans gradually [light brown]); type IV (white: burns minimally;
always tans well [moderate brown]); type V (brown: rarely burns; tans
profusely [dark brown]); type VI (black: never burns; deeply pigmented).
Definition of Physician’s Global Assessment of Disease Severity (PGA)

categories can be found in the supplementary material.

the BD metabolite betamethasone 17-propionate, but only
values for maximal plasma concentration and area under the
plasma concentration-time curve from zero to last quantifi-
able concentration (148 pg/mL and 68.4 h-pg/mL, respec-
tively) could be determined.

Efficacy

The vast majority of patients showed improvement in their
disease severity compared with baseline, and 49% achieved
treatment success (clear or almost clear disease) according to
the PGA at week 4. Mild disease was achieved by 37% of
patients, and the remaining 14% of patients had moderate
disease at week 4. By week 2, 11% of patients had already
achieved treatment success and 70% had mild disease. The

favourable results found in this study are similar to those
seen in previous MUSE and other studies of Cal/BD pro-
vided as ointment and gel (topical suspension).'"'*%°

MUSE studies are designed to investigate the safety
impact of drugs when applied at the upper limit of topical
exposure.”’ As such, inclusion of patients with extensive dis-
ease (15%-30% of BSA) was required to ensure that the upper
range of Cal/BD dosing when applied as the aerosol foam
would be evaluated in a clinical setting. A mean amount of 62
g/wk Cal/BD aerosol foam was used during the study, which
is higher than the 52 g seen in a previous MUSE study of Cal/
BD gel'® and the 49 to 59 g average range seen in a 4-week
MUSE study of Cal/BD ointment.”” As this trial enrolled
patients with extensive disease, it was considered unethical to
include a placebo arm, so all patients were exposed to active
treatment. Assessment bias resulting from the absence of a
placebo group is considered limited, since most of the end-
points were objective in nature (laboratory data).

All patients who completed the current trial exhibited a
normal response to ACTH stimulation, and no patients had
levels above the normal reference range in albumin-cor-
rected serum calcium, 24-hour urinary calcium, or urinary
calcium-creatinine ratio at week 4. Changes in all median
and individual calcium homeostasis values from baseline to
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Figure 2. Individual patient (a) albumin-corrected serum calcium values, (b) 24-hour urinary calcium levels, and (c) urinary calcium-
creatinine ratios at screening visit 2 (ie, baseline) and at week 4. Data not shown for patients who discontinued after 2 weeks of treatment.

week 4 were minor and not considered clinically relevant. seem encouraging because, despite enhanced penetration
The findings with Cal/BD aerosol foam in the current study and the improved antipsoriatic effect with the aerosol foam
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Table 2. Adverse Events Experienced During the Trial®.

Adverse Event n (%)
Fungal infection 1 (3)
Arthralgia 1 (3)
Headache 1 (3)
Oropharyngeal pain 1 (3)
Upper-airway cough syndrome 1 (3)
Erythema 1 (3)

*Medical Dictionary for Regulatory Activities, version 15.1, was used for
coding of adverse events.

100 -
90 7] . -
80 -
70
— H Severe
60
B [l Moderate
£ 504 & Mild
'% [J Aimost clear
40
a [ Clear
30
20
10
0 -

Baseline Week 2 Week 4

Figure 3. Percentage of patients in each category of the
Physician’s Global Assessment of Disease Severity at baseline,
week 2, and week 4.

formulation,'>'® the systemic safety profile is similar to that

seen with the gel formulation, with no or minimal effects on
the HPA axis and calcium homeostasis.'” Cal/BD aerosol
foam also demonstrated a good tolerability profile, similar
to that seen with the previous fixed combination
products.'"'%*

Adrenal suppression has previously been observed in the
setting of high-dose Cal/BD in a few patients." A MUSE
study of the gel formulation identified 2 patients showing
signs of adrenal suppression, although it was anticipated that
only a few patients would experience this effect in the real-
world setting.'” Another MUSE study evaluating the Cal/BD
ointment formulation found that no patients experienced
adrenal suppression when Cal/BD ointment was applied
once daily.”” A long-term non-MUSE study found no evi-
dence of adrenal suppression related to treatment with Cal/
BD ointment when assessed in a subgroup of 19 patients
treated once daily as needed for 52 weeks.”® Thus, the sys-
temic safety profile of gel and ointment Cal/BD products
indicates minimal risk of systemic adverse reactions within

the recommended doses, and there is no indication of any
greater effects with the Cal/BD aerosol foam formulation.

Changes in calcium homeostasis have been infrequently
reported in Cal/BD studies. As reported by McCormack,'' no
clinically relevant changes in albumin-corrected serum cal-
cium levels were observed in any of the Cal/BD studies
reviewed. Additionally, no clinically relevant mean changes
in parameters of calcium homeostasis (serum calcium,
24-hour urinary calcium, and calcium-creatinine ratio) were
observed in the MUSE Cal/BD gel study."

Efficacy and PK parameters were evaluated as secondary
endpoints. PK analysis was possible in only a subset of
patients as a result of study drug and metabolite plasma con-
centrations below the LLOQ. In the MUSE study of Cal/BD
gel, the same analytes were evaluated (Cal, BD, and major
metabolites MC1080 and betamethasone 17-propionate) and
no PK parameters could be calculated because too few
patients had plasma concentrations above the LLOQ."

In the current study, the vast majority of patients experi-
enced disease improvement and almost half of patients
achieved treatment success (clear or almost clear disease)
with Cal/BD aerosol foam by week 4. This is an impressive
finding for this group of patients with extensive disease (aver-
age BSA of 21%, with 24% of patients experiencing severe
disease at baseline). Additionally, this improvement was
achieved over a short time period—4 weeks. Despite the large
surface area treated using the enhanced foam aerosol vehicle,
this study showed no evidence of unwanted systemic effects,
with a safety and tolerability profile similar to that previously
shown for Cal/BD in ointment and gel vehicles.

Further phase II studies powered to evaluate whether Cal/
BD aerosol foam provides an efficacy benefit to patients
have shown Cal/BD aerosol foam to be significantly more
effective than its monocomponents Cal aerosol foam and
BD aerosol foam in providing physician-assessed treatment
success™ and have shown that Cal/BD aerosol foam provides
greater efficacy and similar tolerability compared with Cal/
BD ointment.** Additional studies have provided evidence
supporting enhanced drug delivery with Cal/BD aerosol
foam.'®'” The Cal/BD aerosol foam formulation may pro-
vide patients with an important new topical treatment option,
as convenient and cosmetically elegant formulations, partic-
ularly foam and solution vehicles, have performed well in
patient preference tests.”

Conclusions

In patients with extensive psoriasis vulgaris treated once daily
for 4 weeks, Cal/BD aerosol foam exhibited no clinically rel-
evant impact on the HPA axis or calcium homeostasis. Forty-
nine percent of patients achieved treatment success (clear or
almost clear status) when evaluated for efficacy. Cal/BD
foam also demonstrated a favourable tolerability profile.
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