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ABSTRACT

Background: Narrow-band (NB) UVB has been
combined with a number of topical treatments.
However, there have been no specific data
regarding treatment results of a fixed combina-
tion of calcipotriene 50 lg/g plus betametha-
sone 0.5 mg/g aerosol foam (Cal/BD) combined
with NB-UVB phototherapy so far.
Objectives: To assess the efficacy of Cal/BD
foam coupled to twice-weekly NB-UVB and
whether this combined regimen requires fewer
UVB treatments and a lower cumulative UVB
dose compared to phototherapy alone.
Methods: This cross-sectional, prospective,
parallel-group study enrolled 187 consecutive
moderate-to-severe psoriatic patients who were
allocated to two groups in a 1:2 ratio. The
overall duration of the treatment cycle was
12 weeks. At baseline and after 2, 4, 8 and
12 weeks, we registered the modified (not con-
sidering head lesions) PASI, the number of Cal/

BD applications, the NRS score for itching and
the adverse effects.
Results: The combined regimen was more
effective in clearing psoriasis [final mPASI: 2.1
(0; 8.2) versus 4.4 (0; 19.6); p\0.01] and
reducing itching [(final NRS score for itching: 0
(0; 3) versus 1 (0; 4); p\0.01]. Fewer exposures
[12 (4; 20) versus 24 (8; 24); p\ 0.01] and a
lower cumulative UVB dose [6.1 (5.4; 9.3)
J cm-2 versus 13.1 (9.8; 19.7) J cm-2; p\0.01]
were required. A higher number of patients
achieved complete clearance [47 (74.6%) versus
58 (46.8%) patients (p\0.001)]. Both treat-
ments were well tolerated without acute adverse
effects.
Conclusion: Cal/BD ? NB-UVB is a very effec-
tive treatment that produces a rapid improve-
ment in clinical lesions and itching and can be
considered a valuable alternative to systemic
treatments for psoriasis.
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Key Summary Points

Why carry out this study?

There are no specific data regarding
treatment results of a fixed combination
of calcipotriene 50 lg/g plus
betamethasone 0.5 mg/g aerosol foam
(Cal/BD) combined with NB-UVB
phototherapy.

What did the study ask?/What was the
hypothesis of the study?

The combined regimen was more effective
in clearing psoriasis and reducing itching.

What was learned from the study?

A higher number of patients achieved
complete clearance.

What has been learned from the study?

Cal/BD ? NB-UVB is a very effective
treatment that produces a rapid
improvement in clinical lesions and
itching and can be considered a valuable
alternative to systemic treatments for
psoriasis.

INTRODUCTION

Despite recent treatment advances, unmet
needs for psoriatic patients still remain, and
narrow-band UVB (NB-UVB) phototherapy
remains a pillar in the treatment strategy.

However, there is no standard optimal pho-
totherapeutic protocol: efficacy is not only
measured with the rate of healed patients, but
also through the total number of sessions nee-
ded and the cumulative UV doses used.

A possible strategy to achieve these goals is
the combination of NB-UVB with systemic
treatments, e.g. acitretin, methothrexate and
biologics [1, 2]. However, this may be thwarted
by contraindications, drug interactions, hazards
from systemic toxicity and, aside from acitretin,

they can all promote the development of UV-
induced skin cancer.

Topical therapies, e.g. emollients, keratolyt-
ics, coal tar, anthralin, analogues of vitamin A
and vitamin D, calcineurin inhibitors and cor-
ticosteroids, do not have these limitations. They
are often used to remove scales that can impair
UV penetration into the skin, to clear lesions in
areas that cannot be exposed to UV, and for
rapid itch relief [3]. However, patients’ adher-
ence is often poor if the formulation stains or it
is greasy and smelly or if application takes time;
even lower adherence is found when the for-
mulation needs frequent applications, espe-
cially when the treatment is prolonged and/or
large skin areas are treated [2–4].

A recently introduced topical treatment, a
super-saturated foam containing a fixed com-
bination of calcipotriene 50 lg/g plus
betamethasone 0.5 mg/g (Cal/BD) (Enstilar�
foam, Leo Pharma SA, Ballerup, DK) was found
to be more effective than foams with the same
components used separately [5]. Additionally,
in direct comparative studies in patients with
mild to moderate psoriasis, the foam was seen
to be more effective than the Cal/BD gel [6] and
the Cal/BD ointment [7].

Recently, a pooled analysis of three phase II/
III studies [6, 8–10] has demonstrated that it is
also very effective for the treatment of patients
with more severe psoriasis (baseline mPASI[
10), with a good proportion of patients
achieving mPASI B 1 (20.2%), B 3 (49.2%)
and B 5 (63.7%) after 4 weeks [11]. In a
matching-adjusted indirect comparison, it was
found to be more effective than a few non-bio-
logic systemic drugs, e.g. apremilast,
methotrexate or acitretin, and approximately as
effective as fumaric acid esters [12].

However, still better results need to be
achieved in light of the treatment goals (e.g.
PASI 90 or PASI 100 and/ or PASI\ 2, DLQI\2
or PGA clear or almost clear) that are desirable
for moderate and severe psoriasis nowadays [1].

The present cross-sectional clinical trial
aimed at comparing the therapeutic results of a
12-week treatment cycle with NB-UVB pho-
totherapy versus a combined regimen with a
Cal/BD foam that was applied daily before
(2 weeks) and in the early phases (2 weeks) of a
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NB-UVB phototherapy cycle, followed by twice-
weekly use on 2 consecutive days for 10 weeks.

METHODS

This was a cross-sectional, comparative, open-
label study. We enrolled white subjects of either
sex, older than 18 years, with a clinical diag-
nosis of plaque-type psoriasis and with a mod-
ified (excluding head) Psoriasis Area and
Severity Index (mPASI)[ 7. We have excluded
the head from the comparison because the Cal/
BD foam was not applied on the face and whole-
body phototherapy in a NB-UVB cubicle is not
effective for hairy scalp psoriasis [13]. Due to
safety recommendations for the use of the Cal/
BD foam, only patients with\ 30% affected
body surface area were treated [12]. The mPASI
was assessed at baseline (T0) and after 2 (T1)
(only in the patients with the combined proto-
col), 4 (T2), 8 (T3) and 12 (T4) weeks of
treatment.

Exclusion criteria were: coexistent psoriatic
arthritis, use of photosensitive or immunosup-
pressive drugs, pregnancy and breast feeding;
additionally, systemic treatments for psoriasis
were not allowed in the 2 months before the
randomization.

Consecutive patients were assigned at a 2:1
rate to two groups: the first group received
phototherapy and the second one a combined
treatment with once-daily application of Cal/
BD foam before (2 weeks) and in the early phase
(2 weeks) of phototherapy, followed by twice-
weekly use on 2 consecutive days for 8 weeks.
The therapies were interrupted before study
completion in the case of complete clearance
(mPASI90 and/or mPASI\3) [1] or no or poor
response, i.e. disease worsening or an improve-
ment of lower than mPASI75 and/or if an
absolute mPASI[3 was achieved without fur-
ther amelioration in the subsequent monthly
control. These last patients were switched to a
systemic treatment for psoriasis. Patients who,
at the end of the 12-week treatment cycle,
achieved a mPASI improvement of between 75
and 90% and/or an absolute mPASI[3 but\6
were considered partial responders and they
were switched to oral apremilast or

cyclosporine, or they continued with Cal/BD
foam alone, according to the clinician’s evalu-
ation. No maintenance phototherapy was
given.

Phototherapy was delivered to both groups
according to the same treatment protocol [14].
The initial dose ranged between 0.1 and
0.4 J cm-2 according to skin phototype. Patients
were treated twice a week, and UV doses were
adjusted at each session according to the ery-
thema response. In short: 10%, 5% or no
incremental increase was achieved if, respec-
tively, none, a barely perceptible or a well-de-
fined asymptomatic erythema response at 48 h
was seen.

The Cal/BD foam was always applied once
daily in the evening. Therefore, on the days on
which the phototherapy took place, the foam
was applied 6–8 h after the UV exposure.

All enrolled patients were included in the
full analysis set.

The primary end-point of the present study
was the comparison of improvements in psori-
atic lesions at 4, 8 and 12 weeks, together with
the study of the rate of patients that achieved
complete resolution. Statistical analysis was
based on the full analysis set (intention to
treat). The tested hypothesis was that the
sequential regimen was superior to photother-
apy in terms of the decrease in the proportion of
patients with mPASI90 or mPASI\ 3. The sec-
ondary end-points were the comparisons of
cumulative NB-UVB doses and number of
exposures, the intensity of itching, the inci-
dence of adverse effects and patients’ adherence
to the treatment protocol.

The radiation source was a Waldmann 7001
cabinet (Waldmann Lichttechnik, Villingen-
Schwenningen, Germany) equipped with 40
Philips TL-01/100 W lamps (Philips Eindhoven,
Netherlands) with a peak in emission at
312 ± 2 nm. Irradiance was measured with a
portable broadband UV meter (Waldmann)
after calibration with a Macam SR 9910 spec-
troradiometer (Macam Photometrics Ltd, Liv-
ingston, Scotland).

During the study, patients were allowed to
use an emollient cream as needed when they
did not apply the Cal/BD foam.
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At the monthly medical examinations,
patients were asked to assess the severity of
itching on a 0–10 numerical rating scale (NRS).

At the end of the treatment cycle, we calcu-
lated the number of UV exposures and the
cumulative UV dosage.

Throughout the study period, patients were
solicited to immediately report any possible
adverse event possibly related to Cal/BD foam
and/or phototherapy.

The study was conducted in the light of the
Declaration of Helsinki and followed a protocol
approved by our institutional review board.

All patients received written and verbal
information about the clinical trial and signed
an informed consent prior to entering the
study.

The study was approved by the local ethics
committee and registered with the number
NP4710.

Statistical Analysis

The IBM Sample Power� software ver. 3.0 and
the OpenEpi� software ver. 3.01 were used to
calculate the sample size; sampling tests were
accepted at the power level 1 - b[ = 80%,
a = 5%, and two-tailed confidence interval were
applied.

The database was formatted through the
Microsoft Excel� software and later imported
from IBM SPSS� ver. 26.0.1. The use of the
Stata� software ver. 15.0 was also considered for
any comparisons or implementations of the test
output.

Categorical variables are presented as fre-
quencies or percentages and compared with
using the chi-square test or Fisher’s exact test, as
appropriate. Continuous variables are presented
as mean ± SD (in the case of a normal distri-
bution) or median and IQR (in the case of a
skewed distribution) and compared using Stu-
dent’s t test or the Mann–Whitney test. Nor-
mality of distributions was assessed using the
Kolmogorov–Smirnov test. Differences between
two or more groups were evaluated by the
Mann–Whitney test or the Kruskal–Wallis test,
respectively, and correlations among variables

by Pearson’s or Spearman’s rank correlation
test.

A two-sided alpha level of 0.05 was used for
all tests.

RESULTS

We enrolled 187 consecutive patients who were
allocated in a 2:1 ratio to the group treated with
NB-UVB phototherapy alone or to the one
treated with NB-UVB phototherapy plus Cal/
BD.

The main clinical details of the patients
enrolled in the two groups are summarized in
Table 1. The groups had no statistically signifi-
cant differences in age, gender, skin phototype,
duration of psoriasis and positive family his-
tory. At baseline, the median (IQR) mPASI
scores of the groups were not different (p = NS):
12 (4; 30.2) in patients treated with NB-UVB

Table 1 Main clinical details of the enrolled patients at
baseline

NB-
UVB

Cal/
BD 1 NB-
UVB

p

Number of patients 124 63

Age [years (median; IQR)] 59 (18;

84)

54 (16; 85) NS

Gender (M/F) 78/46 46/17 NS

Skin phototype NS

I 0 1

II 31 16

III 69 36

IV 24 10

Duration of psoriasis

[years (median; IQR)]

5 (3; 9) 6 (4; 9) NS

Positive family history (%) 46

(37%)

20 (32%) NS

Baseline mPASI 12 (4;

30.2)

12.6 (5;

33.2)

NS
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alone versus 12.6 (5; 33.2) in patients treated
with the combined regimen (Table 1).

All patients completed the treatment course,
and all patients assigned to the combined
treatment declared that they fully respected the
prescriptive regimen for the application of Cal/
BD foam and that the number of days [median
(IQR): 5 (0; 8)] throughout the whole treatment
cycle on which they did not apply the foam was
negligible. Both NB-UVB phototherapy and the
combined regimen were effective, with a sig-
nificant reduction of mPASI at T2 [5.4 (0; 8.6)
and 8.5 (0; 30.6), respectively], T3 [2.9 (0; 0.6)
and 5.6 (0; 24.0), respectively) and T4 [2.1 (0;
8.2) versus 4.4 (0; 19.6)], in comparison to
baseline (always p\0.001). A box plot of the
median (IQR) mPASI at T0, T2, T3 and T4 in the
two groups is shown in Fig. 1. In addition, we
observed a statistically significant decrease of
mPASI after the first 2 weeks (T1) (p\0.001) of
the combined regimen, when patients were
treated with the Cal/BD foam only.

The comparison of the results with the two
treatment regimens showed that the decrease of

mPASI was always significantly clearer with the
combined regimen versus phototherapy alone;
this was true at T2 (p\ 0.01), T3 (p\0.01) and
also T4 (p\0.01).

A complete response was seen in 58 (46.8%)
patients treated with NB-UVB alone and 47
(74.6%) (p\ 0.001) treated with the combined
regimen. We also observed that a larger pro-
portion of the patients achieved a quicker
complete remission in the group receiving the
combined regimen (Fig. 2): these patients
showed full resolution as early as 4 (p\0.05) or
8 (p\0.01) weeks after the beginning of the
treatment (Table 2).

The number of patients who achieved a
partial response after 12 weeks was 36 (29%)
with phototherapy and 11 (17.5%) with the
combined regimen, and this difference was not
significantly different. Twenty-nine of these
patients continued the Cal/BD foam therapy
only, 7 patients began a treatment cycle with
apremilast and 5 patients with cyclosporine.

Patients who prematurely interrupted the
treatment because of inefficacy or a flare in the

Fig. 1 Box plot of median (IQR) mPASI at baseline (T0)
and after 4 (T2), 8 (T3) and 12 (T4) weeks in the two
groups. In both groups, mPASI values at T2, T3 and T4
were always significantly lower (p\ 0.001,

Mann–Whitney test) in comparison to the baseline
mPASI value. The symbol * indicates an outlier, i.e. a
data point that is located outside the whiskers of the box
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first 12 weeks or had a poor response at the end
of the treatment cycle were significantly more
frequent in the group treated with photother-
apy alone: 30 (24.2%) versus 5 (7.9%)
(p\ 0.001). These patients were switched to
adalimumab (12 patients), secukinumab (5
patients), methotrexate (3 patients), cyclospor-
ine (7 patients) or PUVA therapy (8 patients).

The cumulative median UVB dosages [6.1
(5.4; 9.3) J cm-2 versus 13.1 (9.8; 19.7) J cm-2;
p\0.01] and the median (IQR) total number of
exposures [12 (4; 20) versus 24 (8; 24); p\0.01]
were significantly lower in the group treated
with the combined regimen therapy than in the
group treated with phototherapy alone.

The baseline NRS score for itching was not
significantly different between groups
[(p = NS)]: 4 (0; 8) in the group treated with
phototherapy alone and 4 (0; 8) in the group
treated with the combined regimen. With both
treatments, itching decreased significantly (al-
ways p\0.01) in comparison to baseline; this
happened at all times: at T2 [3 (0; 7)], T3 [2 (0;
4)] and T4 [1 (0; 4)] with phototherapy alone
and at T2 [2 (0; 4)], T3 [1 (0; 4)] and T4 [0 (0; 3)]
with the combined regimen. In the group trea-
ted with the sequential regimen, we also
observed a quick improvement in the NRS score
for itching; this was already seen at T1: 3 (0; 5)
(p\ 0.01). The comparison between groups
showed that the improvement was superior
with the combined regimen at T2 (p\0.01, T3
(p\ 0.01) and T4 (p\ 0.01) (Fig. 3).

Nine patients (5 in the group treated only
with phototherapy and 4 with the combined
regimen) reported a single episode of an exces-
sive phototoxic reaction that was mild and
transitory. No patient experienced undesirable
effects related to Cal/BD.

DISCUSSION

Under the conditions of the present study, both
treatments were significantly effective in com-
parison to the baseline, but the combined Cal/
BD-NBUVB treatment regimen showed superior
efficacy in comparison to NB-UVB photother-
apy alone, with a higher reduction in the mPASI
score and a greater number of complete
responders, i.e. patients achieving mPASI90 or
mPASI\3. The improvement was also faster,
with better results already seen after 4 and
8 weeks. In addition, the reduction of itching
was greater and faster. Finally, the total number
of NB-UVB doses and the cumulative number of
exposures needed were lower.

The reason for the greater and faster efficacyof
the combination regimen remains to be clarified,
but a few possible explanations can be taken into
account. First of all, Cal/BD can increase the
reduction of the overall mPASI because it can
improve lesions of skin areas (axillary pillars,
natal cleft, groins and the inner part of the
thighs) that are normally poorly or not exposed
to light due to the three-dimensional

Fig. 2 A psoriatic plaque at baseline (a); a decrease in
scaling and infiltrate was observed after 2 weeks of
application of Cal/BD foam (b), and only mild erythema

persisted after 2 further weeks of combined treatment with
Cal/BD and phototherapy (c)
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conformation of the human body. Additionally,
the skin from thekneedown is exposed to a lower
UV dose because of the uneven emission along
the vertical axis of cabinets equipped with fluo-
rescent tubes [15]. Second, Cal/BD can decrease
the thickness of the plaques by removing scales
and reducing the dermal inflammation, thus
facilitating the penetration of NB-UVB into the
epidermis and superficial dermis. Finally, cal-
cipotriene, betamethasone dipropionate and
phototherapy activate biological mechanisms in
immune cells and keratinocytes in different
molecular ways, leading to distinct and comple-
mentary effects, and they have overlapping and
mutually empowering effects [16–19].

Vitamin D analogues inhibit epidermal
hyperproliferation, induce keratinocyte

differentiation, restore epidermal barrier func-
tion and have immunomodulatory properties
that contribute to increasing Tregs, increasing
the release of inhibitory cytokines such as
interleukin (IL)-10, and reducing Th17 cells
[15], whereas corticosteroids act primarily as
immunosuppressors, targeting pro-inflamma-
tory cytokines and chemokines, promoting
keratinocyte differentiation, and mainly block-
ing DNA transcription [19].

The anti-psoriatic activity of phototherapy is
mediated by a number of immune mechanisms,
including suppression of the Th1/Th17 inflam-
matory axis, reduction of Langerhans cells,
increasing circulating and dermal Tregs [16] and
up-regulation of the Th2 pathway [20].

Phototherapy also has a strong effect on
keratinocytes, inducing apoptosis, cell-cycle
arrest and cell differentiation [20].

The earlier and more intense effects of the
combined protocol in relieving itching seem to
demonstrate that the activities of calcipotriene,
betamethasone [21] and phototherapy [22] on
itch pathways are additional and therefore do
not hinder each other.

Adherence to the treatment schedule can be
a challenge when choosing a combination reg-
imen that requires greater patient commitment
and usability. In our study, however, adherence
was very good, with no patients dropping out
and a negligible number of skipped treatments.
This positive finding could be related to a
combination of factors [3, 23]: in particular, at
the beginning of the treatment, the schedule
was agreed with the patient, and the short-term
and predetermined duration of the application
of the foam (daily for 4 weeks and then twice
weekly for 8 weeks) was greatly appreciated, as
was the rapidity and the degree of improvement
of both clinical manifestations and itching.
Other important factors in the improvement of
compliance were the pleasantness and the tol-
erability of the formulation of the Cal/BD foam
[6, 10].

Under the conditions of the present treat-
ment protocol, the combination with Cal/BD
foam was well tolerated without significant
acute adverse effects. However, the major con-
cern with NB-UVB is long-term adverse effects,
and in particular skin photoageing and

Table 2 Treatment results

NB-UVB
(n = 124)

CaIBD 1 NB-
UVB (n = 63)

p

CR patients [n (%)]b

Overall 58 (46.8%) 47 (74.6%) B 0.001

T1a NA 1 (1.6%) NA

T2 3 (0.8%) 6 (9.5%) 0.030

T3 24 (19.4%) 27 (42.9%) B 0.001

T4 31 (25.0%) 13 (20.6%) 0.069

PR patients at

T4c [n (%)]

36 (29.0%) 11 (17.5%) 0.085

Treatment

failuresd

[n (%)]

30 (24.2%) 5 (7.9%) B 0.001

aT1 2 weeks; T2 4 weeks; T3 8 weeks; T4 12 weeks
bComplete responders (CR) were patients who achieved
mPASI90 or mPASI\ 3
cPartial responders (PR) were patients who achieved an
mPASI improvement of between 75 and 90% and/or an
absolute mPASI[ 3 but\ 6 at the end of the 12-week
treatment cycle
dTreatment failures were patients who were switched to
another treatment because of disease worsening or because
a partial improvement\mPASI75 and/or absolute
mPASI[ 6 was achieved during treatment, without fur-
ther amelioration in two subsequent monthly evaluations
or at the end of the treatment cycle
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carcinogenesis, although the magnitude of this
risk, if any, has not been demonstrated so far.
However, the Cal/BD combination does not
seem to enhance this risk because it has no
carcinogenic [24] or photocarcinogenic [25]
activities. Indeed, we can hypothesize that the
combined protocol could reduce these theoret-
ical risks, because the therapeutic result was
achieved with a lower NB-UVB cumulative dose
and fewer exposures.

The application of an adjunctive therapy
with Cal/BD foam according to the therapeutic
regimen that we have used (once-daily Cal/BD
foam for 4 weeks, followed by twice-weekly use
on consecutive days for 12 weeks) is not new in
dermatology, since it was already known to be
successful in patients with inadequate response
to biologics [26].

In a previous pilot study of 7 patients, the
twice-daily application of a Cal/BD ointment
plus UVB phototherapy was highly effective
[27]. However, it was not a comparative study
with UVB alone. In addition, we emphasize that
the Cal/BD ointment is less effective than the
Cal/BD foam [7, 28], and it has several other
disadvantages for the patients, e.g. two

applications per day of an ointment is time
consuming, and the greasy formulation is often
unacceptable [7, 28].

In several other previous studies, the com-
bination of a cream or an ointment containing
calcipotriene alone with NB-UVB phototherapy
has been investigated. A few studies reported a
faster and more complete clinical response, as
well as a UVB-sparing effect. However, a few
other studies have not found significant differ-
ences, or have only found a numerical advan-
tage in terms of the efficacy rate (e.g. PASI score
for lesion clearance, etc.) [2].

A main limitation of the present and all
previous studies of combination protocols of
NB-UVB and topical vitamin D derivatives with
or without topical corticosteroids is the short
duration of the protocol and follow-up, and
therefore it remains unknown if they can be
useful for maintenance of remission in patients
with moderate to severe psoriasis vulgaris.

CONCLUSIONS

The combined Cal/BD-NBUVB therapy could
represent an innovative treatment strategy that

Fig. 3 Median NRS scores for itching at baseline (T0) and after 4 (T2), 8 (T3) and 12 (T4) weeks in the two groups
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can clear or almost clear the majority of the
lesions in patients with moderate to severe
psoriasis vulgaris. Efficacy was superior to NB-
UVB phototherapy alone, and the treatment
protocol was well tolerated with very good
adherence by patients. Given that the efficacy
was very high, with 74.6% of patients achieving
a complete remission (mPASI90 or absolute
mPASI\3), this simple treatment regimen
could represent a valuable alternative to sys-
temic therapies for patients who have con-
traindications to, are intolerant of, or were
resistant to biologics and other disease-modify-
ing antirheumatic drugs. Finally, this treatment
protocol could also be useful for improving
treatment results of phototherapy of vitiligo, as
was suggested by a small recent comparative
study in which the combination of topical Cal,
topical BD and NB-UVB phototherapy was sig-
nificantly more effective than NB-UVB pho-
totherapy alone [29].
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