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Abstract

 

Background

 

Calcipotriol and corticosteroids are commonly used treatments for psoriasis 

vulgaris, each with different mechanisms of action. The two agents have shown combined 

action, but current formulations do not permit simultaneous application. Daivobet® (LEO 

Pharma, Denmark) ointment contains calcipotriol and the corticosteroid, betamethasone 

dipropionate. Such a formulation may provide convenience and enhanced activity compared 

with separate applications, but it is essential that the biological activity and bioavailability of 

either active agent is not adversely affected by the other component.

 

Objective

 

his study was designed to determine whether the bioavailability of the corticosteroid 

component of Daivobet® was equivalent to that in a corticosteroid-only formulation 

(Diprosone®, Schering-Plough Laboratories, France).

 

Method

 

A vasoconstrictor assay measuring skin blanching was used to determine 

bioequivalence.

 

Result

 

Skin blanching measured either by objective chromametric measurement or visual 

assessment showed Daivobet® to be equivalent to Diprosone®.

 

Conclusion

 

The data indicate that the steroid component of Daivobet® is not unfavorably 

affected by the calcipotriol.
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Introduction

 

Calcipotriol is a synthetic analog of 1,25-dihydroxyvitamin
D

 

3

 

, used in the treatment of psoriasis vulgaris.

 

1–3

 

 Calcipotriol has
become one of the most commonly used topical treatments
for psoriasis, with a number of studies showing an effect on
psoriasis vulgaris.

 

1,4,5

 

Both corticosteroids and calcipotriol exert an antiprolifer-
ative effect on epidermal cells;

 

6–8

 

 however, their modes of
action underlying this effect are different. Corticosteroids
affect inflammatory processes

 

6,9

 

 while calcipotriol affects
keratinocyte differentiation.

 

8

 

 Van der Vleuten 

 

et al

 

.

 

9

 

 were
able to demonstrate that the potent corticosteroid clobetasol
propionate had a potent effect on epidermal cell prolifera-
tion, keratinization and inflammation, but not on enhanced
terminal differentiation, in response to a standardized single
challenge with ultraviolet B in normal human skin. In con-
trast, the effect of calcipotriol was mainly limited to inter-
ference with the differentiation pathway without modulation
of other ultraviolet B-induced changes. Epidermal thinning
was observed as a result of clobetasol while calcipotriol led
to increased thickness of the epidermis. Glade 

 

et al

 

.

 

10

 

 used
flow cytometric methods to differentiate between the anti-

inflammatory, growth-inhibiting and keratinization-enhancing
properties of several antipsoriatic therapies. Monotherapy
with the vitamin D analogs 1

 

α

 

, 24-dihydroxy-vitamin D

 

3

 

(tacalcitol) and calcipotriol, or the corticosteroid clobetasone
17-butyrate, as well as combination therapy of calcipotriol
with the corticosteroids clobetasone or betamethasone 17-
valerate were investigated. The vitamin D

 

3

 

 analogs exerted
mainly an antiproliferative effect, while monotherapy with
the potent corticosteroid clobetasone, or the combination
therapies, had an effect on all markers for epidermal prolifer-
ation, differentiation and inflammation. Combination with
clobetasone did not result in higher efficacy than twice-daily
calcipotriol, but concurrent treatment of calcipotriol with
the high-potency steroid betamethasone 17-valerate showed
significantly higher efficacy. Lebwohl 

 

et al

 

.

 

11

 

 also demon-
strated increased efficacy of calcipotriol in combination with
halobetasol. In particular, patients who have previously
responded poorly or are initially refractory to calcipotriol
may show a markedly improved response to the combination
treatment.

 

12

 

In order to improve the benefit-to-risk ratio of corticoster-
oids and calcipotriol treatment, combination treatment with
a topical corticosteroid and calcipotriol has been investigated.
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In light of the different mechanisms of action, it is reasonable
to think that the combination of these two agents would give
a clinical benefit and have higher efficacy than either agent
alone. Results from clinical trials where concurrent treatment
of calcipotriol and high-potency corticosteroids were used
support this proposition.

 

11–14

 

Currently marketed formulations of calcipotriol and corti-
costeroids are incompatible for simultaneous application
because of stability problems. Therefore, in these studies, pat-
ients were treated with calcipotriol in the morning followed
by either calcipotriol, corticosteroids or vehicle in the evening.

Efficacy was found to be significantly higher with the com-
bination therapy than with twice-daily calcipotriol. A further
benefit of the calcipotriol /corticosteroid combination treat-
ment included a reduction in skin irritation, which is some-
times observed with calcipotriol alone; this benefit is thought
to result from the anti-inflammatory actions of corticosteroids.

 

13

 

In addition, combination regimens have been shown to reduce
the incidence of those adverse events associated with either agent
alone.

 

11,13

 

 Current combination regimens involve the applica-
tion of calcipotriol and corticosteroid at different times (mor-
ning and evening) because of incompatibility of formulations.

While this combination treatment has proven effective, a
formulation in which both agents can be applied simultane-
ously is desirable, in terms of both patient convenience and
compliance (thus avoiding interactions seen with separate
applications). Simultaneous application of calcipotriol and
corticosteroid would also allow the maximum opportunity
for an additive effect. Daivobet® ointment is a new formula-
tion containing calcipotriol (50 

 

µ

 

g /g) plus the corticosteroid,
betamethasone dipropionate (betamethasone 0.5 mg/g). Bet-
amethasone dipropionate was chosen because it is a potent
corticosteroid, and combination studies have shown that the
efficacy of calcipotriol is increased when it is used in combi-
nation with steroids of high, but not moderate, potency.

 

13

 

 For
Daivobet® treatment to be successful it is essential that the
biological activity and bioavailability of each active compon-
ent (calcipotriol and steroid) to the keratinocytes is not com-
promised, either by the presence of the other agent or by the
ointment formulation.

When assessing the biological activity of a topically applied
treatment, the important parameters to be measured are the
concentration and activity of the drug in the immediate vicin-
ity of the application site. To this end, the United States Food
and Drug Administration (FDA) has developed guidelines for
the use of a vasoconstrictor assay to determine the bioavail-
ability and bioequivalence of topical dermatological prod-
ucts.

 

15

 

 The current study uses this assay to determine whether
the biological activity of the corticosteroid component in
Daivobet® is equivalent to that in a known reference ointment
(Diprosone®) that contains the same steroid (betamethasone
dipropionate) at the same concentration, and has documented
clinical efficacy in psoriasis.

 

Methods

 

Subjects

 

Subjects recruited to this study were healthy male or female 

volunteers aged 18–45 years, with clinically normal hematologic 

and blood chemistry tests and urinalysis, and with forearms 

allowing delineation of 12 test sites (see 

 

Pilot Phase

 

 later). All gave 

written informed consent. Subjects were excluded from the study 

if they: were pregnant or of childbearing potential and not using 

effective contraception; had clinically significant hypertension or 

circulatory disease; had smoked within 1 week of the study; were 

using corticosteroids (within 1 month of the study); or were using 

any vasoactive medication or drug that could modulate blood flow. 

Subjects also had to be “responder subjects”, that is they were 

required to meet a predefined minimum vasoconstrictor response 

to the application of Diprosone® in a prestudy selection procedure.

 

Study design

 

The study comprised two phases, a pilot and pivotal phase, 

as defined in the FDA guidelines. The pilot phase, involving 12 

subjects, was designed to determine the optimal dose-duration of 

the reference ointment (Diprosone®) for use in the pivotal phase. 

The pivotal phase compared the biological activity of the reference 

ointment (Diprosone®) with that of the test ointment (Daivobet®). 

Both ointments contain betamethasone dipropionate at 0.5 mg/g, 

while Daivobet® also contains calcipotriol (50 

 

µ

 

g/g).

 

Vasoconstrictor assay

 

Pilot phase

 

The biological activity of the topical steroid was measured by 

the vasoconstrictor bioassay, as described in FDA guidelines.

 

15

 

 

Diprosone® (10 

 

µ

 

l) was applied to eight sites on each forearm 

using an Eppendorf micropipette. These sites, 1.5 cm in diameter, 

were delineated by a circular template and were separated by at 

least 2.5 cm center to center. Care was taken to avoid the veins, 

nonflat areas or areas containing hairs or naevi. The sites were 

covered with a nonocclusive system (a circular cotton pad kept 

in place with tape) and the ointment left in contact with the skin 

for periods of 0.25, 0.5, 0.75, 1.0, 1.5, 2.0, 4.0 and 6.0 h. Two 

untreated skin sites served as control, and applications were 

made at staggered times, with synchronized removal.

Following removal, sites were rinsed with mild detergent and 

skin blanching was evaluated using a Minolta Chromameter 

CR200 and by visual inspection (see 

 

Measurement of Skin 

Blanching

 

 later). Skin blanching measurements were taken before 

application (baseline), immediately after removal and at 1, 2, 4, 6, 

17, 20 and 24 h thereafter.

 

Pivotal phase

 

The same vasoconstrictor assay was used in the pivotal part of 

the study. The reference ointment (Diprosone®) was applied to 

two sites per forearm at the dose-duration calculated to give a 
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half-maximal response (ED

 

50

 

), based on the pilot study results, 

and at a shorter (0.5 

 

×

 

 ED

 

50

 

 [D

 

1

 

]) and longer (2.0 

 

× 

 

ED

 

50

 

 [D

 

2

 

]) dose-

duration on one site per forearm. The test ointment (Daivobet®) 

was applied at the dose-duration corresponding to the ED

 

50

 

 on two 

sites per forearm. Two untreated sites on each forearm served as 

control, and skin blanching measurements were made at the same 

time intervals and by the same methodology as in the pilot phase.

 

Measurement of skin blanching

 

The primary efficacy variable was skin blanching, measured using 

a Minolta Chromameter CR200 and recorded as the a* value. The 

secondary efficacy variable was skin blanching measured by visual 

inspection of the application site, for which a five-point scale was 

used: 0, no change; 1, blanching barely visible; 2, clear blanching; 

3, intense blanching; and 4, blanching considered maximal.

 

Data analysis

 

Pilot phase

 

The chromameter raw data (skin blanching vs. time profile) for 

each forearm site were adjusted for the baseline value at that site. 

For each active drug site, the reading was also adjusted for the 

mean of the two baseline-adjusted control sites on the same arm. 

The area under the curve (AUC) was calculated from the control- 

and baseline-adjusted time profiles for each individual test site. 

Mean AUC values for the subjects were then plotted against dose-

duration to calculate the ED

 

50

 

 and D

 

1

 

 and D

 

2

 

 values.

 

Pivotal phase

 

Baseline- and control-adjusted chromameter readings and AUC 

values were obtained for each test and reference site. For 

measurement of bioequivalence, data were used only from those 

subjects who gave an evaluable, consistent and dose-dependent 

vasoconstriction response to the reference (Diprosone®) 

ointment; these “detector” subjects were defined as follows:

I. UC values at D

 

1

 

 and D

 

2

 

 both negative

II. UC at D

 

2

 

/AUC at D

 

1

 

 

 

≥

 

 1.25

III. AUC at D

 

1

 

 = 

 

1

 

/

 

2

 

(AUC at D

 

1

 

[left arm] + AUC at D

 

1

 

[right arm])

IV. AUC at D

 

2

 

 = 

 

1

 

/

 

2

 

(AUC at D

 

2

 

[left arm] + AUC at D

 

2

 

[right arm])

The 90% confidence interval was calculated for the skin 

blanching response ratio, defined as the ratio of the mean AUC 

response resulting from the test (Daivobet®) ointment to the 

mean AUC response resulting from the reference (Diprosone®) 

ointment, using Locke’s method.
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Results

 

Pilot phase

 

Twelve patients were included in, and completed, this phase.
For all dose-durations, chromameter readings (a*) were lower
than baseline immediately following removal of the oint-
ment, with the degree of change showing a dose-duration-
dependent response (Fig. 1). For dose durations up to 1 h,
a* values continued to decrease up to 17 h after removal,
while for the dose-durations of 1.5 and 2 h the decrease was
maximal at 9 h following removal. For dose-durations of 4
and 6 h, the decrease in a* was maximal 4 h following
removal (Fig. 1). The mean AUC

 

0

 

−

 

24 h

 

 for adjusted chro-
mameter readings decreased in a dose-duration-dependent
manner, with the greatest decrease (

 

−

 

35.6) at dose-durations
of 4 and 6 h (Fig. 2). The estimate of ED

 

50

 

 was 1 h 0.4 min
(63.78 min).

Figure 1 Chromameter readings (adjusted a* parameter) after removal of application for skin treated with reference (Diprosone®) 
ointment for different dose durations. Pilot study (n = 12)
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Visual scoring of skin blanching also showed a dose-
duration-dependent response, with dose durations of 0.25
and 0.5 h, indicating poor vasoconstriction (Fig. 3). Mean
AUC

 

0

 

−

 

24 h

 

 skin blanching scores increased in a dose-dependent
manner (Fig. 4). Visual scoring of skin blanching therefore
confirmed the findings from chromameter readings.

 

Pivotal phase

 

Of the 12 subjects in the pilot phase of the study, eight
(66.6%) fulfilled the criteria for “detectors”. Therefore, in
accordance with the FDA guidelines, 90 subjects were
recruited into the pivotal phase of the study, with the expec-
tation of providing 40–60 “detectors” for bioequivalence
studies.

 

15

 

 Four subjects were considered nonevaluable. Of the
remainder, 32 were found to fulfill the criteria for “detec-

tors”, and only data from these subjects were used to assess
the bioequivalence of the two ointments.

Based on the results from the pilot phase, the dose-durations
used in the pivotal phase were 1 h 0.4 min (ED

 

50

 

), 32 min (D

 

1

 

)
and 2 h 0.8 min (D

 

2

 

) for the reference ointment (Diprosone®)
and 1 h 0.4 min (ED

 

50

 

) for the test ointment (Daivobet®).
Mean baseline- and control-adjusted chromameter read-

ings from detector subjects were plotted against time after
removal of ointment to give a time profile for each dose dura-
tion. There was a steady decrease in a* from 4 h following
removal, with each dose duration following a similar pattern
(Fig. 5). The profiles of the curves at ED

 

50

 

 for the test (Daivo-
bet®) and reference (Diprosone®) ointments were similar
and very close, and, as expected, were located between those
for D

 

1

 

 and D

 

2

 

.

Figure 2 AUC0−24 h for an adjusted a* 
parameter at different dose durations of 
reference (Diprosone®) ointment. Pilot 
study (n = 12)

Figure 3 Visual scoring of skin blanching after removal of application for skin treated with reference (Diprosone®) ointment for 
different dose durations. Pilot study (n = 12)
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Mean visual scores for skin blanching also showed similar
and very close time profiles for test (Daivobet®) and reference
(Diprosone®) ointments at ED

 

50

 

 (Fig. 6), although the general
pattern of the time profiles was somewhat different to the
chromameter readings, with blanching increasing for the first
19 h, except for dose-duration D

 

2

 

.

 

Bioequivalence

 

Bioequivalence was estimated using Locke’s method,

 

16

 

 calcu-
lating the 90% confidence interval for ratio of average AUC

 

test

 

to average AUC

 

reference

 

. For this analysis, the confidence inter-
val for skin-blanching response ratio (test: reference) was
(0.81–1.04) (Table 1). This was within the limit of 0.80–

Figure 4 AUC0−24 h for visual scoring of 
skin blanching at different dose durations 
of reference (Diprosone®) ointment. Pilot 
study (n = 12)

Figure 5 Chromameter readings (adjusted 
a* parameter) after removal of 
application for skin treated with test 
(Daivobet®) ointment or reference 
(Diprosone®) ointment at dose durations 
corresponding to ED50, D1 and D2. Pivotal 
study (n = 32)

Figure 6 Visual scoring of skin blanching 
after removal of application for skin 
treated with test (Daivobet®) ointment or 
reference (Diprosone®) ointment at dose 
durations corresponding to ED50, D1 and 
D2. Pivotal study (n = 32)
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1.25, as defined in the FDA guidelines for determination of
bioequivalence.

 

15

 

Discussion

 

This study was performed to determine the bioequivalence
of betamethasone dipropionate in a combined formulation
with calcipotriol (Daivobet®) and in a standard formulation
(Diprosone®). The two formulations were found to have
equivalent biological activity in the vasoconstrictor assay,
using both an objective chromametric measurement of skin
blanching and also a visual evaluation. These data indicate
that the steroid (betamethasone dipropionate) component
of Daivobet® is not adversely influenced by the presence of
calcipotriol in the formulation.

The facility for simultaneous application of calcipotriol
and betamethasone dipropionate in the same vehicle offers
increased patient convenience and the potential for greater
compliance. It is also possible that a greater efficacy may be
achieved when the two active compounds are applied at the
same time, rather than separately in the morning and evening.
The efficacy and safety of Daivobet® ointment in the treat-
ment of patients suffering from psoriasis vulgaris have
recently been evaluated in a number of clinical studies.
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