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Abstract

Aim: To evaluate the systemic exposure of pimecrolimus
cream 1% applied under occlusion in atopic dermatitis (AD)
patients. Methods: A noncomparative, open-label study
conducted in 3 groups of moderate to severe AD patients:
A (adults, n =9), B (adolescents, n =4) and C (children, n = 6).
Pimecrolimus cream 1% was applied twice daily for 8.5 days
with overnight occlusion in patients with investigator’s glob-
al assessment scores of =3 and AD involving at least 30% of
their body surface area. Pimecrolimus blood concentrations
were analyzed. Results: The highest pimecrolimus blood
concentrations observed in adults, adolescents and chil-
dren were 1.84, 0.55 and 1.29 ng/ml, respectively. Pimecroli-
mus blood concentrations and affected body surface area
showed no apparent correlation. Conclusion: No measur-
able differences were found in pimecrolimus blood concen-
trations, efficacy and safety profile when pimecrolimus

cream 1% was applied under occlusion versus application
without occlusion. These findings reflect the high lipophilic
properties of pimecrolimus. Copyright © 2010 S. Karger AG, Basel

Introduction

Atopic dermatitis (AD) is a chronic inflammatory
skin disease that affects all age groups and is the most
prevalent in children. It is characterized by intense pru-
ritus, and its course is marked by exacerbations and re-
missions [1]. Although the traditional mainstay of active
treatment is topical corticosteroids, some patients do not
adequately respond to them. Furthermore, the use of cor-
ticosteroids in AD is also limited due to their potential for
adverse events (AEs) such as skin atrophy or striae [2].

Pimecrolimus cream 1% has been shown to be effec-
tive in adolescents and adults with AD who are intolerant
to or dependent on topical corticosteroids. It can also be
used for treatment of sensitive skin (e.g. face and other
sensitive skin areas, skin of infants), as it has no atropho-
genic potential [3-5]. In addition, pimecrolimus cream
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reduces the requirement of topical corticosteroids in the
management of severe pediatric AD [6]. Pimecrolimus
has a favorable tolerability and safety profile in adults,
adolescents and children and is absorbed at very low lev-
els even in children [7, 8].

Pimecrolimus, applied as 1% cream on the skin, pen-
etrates the skin. However, permeation through the skin
and systemic absorption are low so that blood levels of
pimecrolimus are generally below 2 ng/ml, and largely
even less than 0.5 ng/ml, in both pediatric and adult pa-
tients [8-16]. Low skin permeation has also been ob-
served with human skin in vitro. When treated with
pimecrolimus 1% cream for 24 h, only about 3% each was
absorbed into the epidermis (including the stratum cor-
neum) and the dermis [17]. Human skin penetration of
pimecrolimus in vitro was similar to that of tacrolimus,
another calcineurin inhibitor and corticosteroids; how-
ever, permeation through the skin and systemic exposure
to pimecrolimus were lower than with tacrolimus and
much lower than with corticosteroids. The lower skin
permeation of pimecrolimus was explained by its higher
lipophilicity (compared with tacrolimus and corticoste-
roids) and larger molecular weight (compared with corti-
costeroids) [18].

Occlusion is often used to enhance percutaneous ab-
sorption of topically applied drugs [19, 20]. An occlusive
therapy with pimecrolimus cream 1% leads to marked
improvements and long-term clearance of relapsing dys-
hidrosiform eczema of the hand and foot [21]. In chronic
hand dermatitis, treatment with pimecrolimus cream
under occlusion was shown to be associated with low sys-
temic exposure and a good efficacy and safety profile
[22]. Thus, the present study was designed to evaluate
primarily the systemic exposure of AD patients after
pimecrolimus cream 1% had been applied under occlu-
sion.

Methods

Study Design

This was a noncomparative, open-label study, conducted at
2 centers in Germany. The study comprised a screening period of
1 day to 1 week, followed by a treatment period of 8.5 days, and a
final evaluation period of 1 week after the last application of
pimecrolimus cream 1%. The study was conducted according to
the ethical principles of the Declaration of Helsinki and was ap-
proved by the respective independent ethics committee or insti-
tutional review board. Informed consent was obtained from each
patient before entering the study.

Patients with moderate to severe AD involving at least 30% of
their body surface area (as determined by the rule of nine or the
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Lund and Browder chart) who fulfilled the Hanifin and Rajka di-
agnostic criteria for AD with a score of =3 at the investigator’s
global assessment (IGA) were enrolled. Patients treated with pho-
totherapy or systemic corticosteroids within 4 weeks prior to
baseline, topical therapy (tar and corticosteroids) within 3 days
prior to baseline, nephrotoxic drugs or any CYP3A4 inhibitors or
inducers within 2 weeks prior to baseline were excluded. Also ex-
cluded were pregnant or lactating female patients as well as pa-
tients with a history of any malignancy, lymphoproliferative dis-
orders, immunosuppression, erythroderma, Netherton’s syn-
drome and hypersensitivity. The use of bland emollients (urea- or
salicylate-free) was permitted if applied at least 1 h after the trial
medication. Patients were stratified by age: group A comprised
adults aged >18 years, group B adolescents aged 12-17 years and
group C children aged 2-11 years. Groups B and C were treated in
parallel only after confirmation of the safety of pimecrolimus
cream 1% under occlusion in group A.

The primary objectives of this study were to measure the con-
centration of pimecrolimus in blood after twice daily applications
of pimecrolimus cream 1% over 8.5 days, with overnight occlu-
sion, in patients with moderate to severe AD, and to evaluate the
topical and systemic tolerability of pimecrolimus cream 1% in this
treatment regimen. The preliminary data collected on the effi-
cacy of pimecrolimus cream 1% in this treatment regimen were
exploratory.

Treatment

Pimecrolimus cream 1% was applied twice daily, approximate-
ly every 12 h, for 8.5 days (the first and last applications were in
the morning on days 1 and 9, respectively). In the morning,
pimecrolimus cream 1% was applied on all lesional skin areas,
including those on the face. The total body surface area (TBSA)
affected at baseline and treated with the morning dose adminis-
tration is listed in table 1. In the evening, all lesions were treated
again. In addition, each evening study medication was applied to
the entire skin surface of the 4 limbs (lesional and nonlesional
skin areas, except predefined venipuncture sites), and these areas
were wrapped with plastic film. Wrapping was carried out only in
the evening (except for the morning application on day 9, which
was also wrapped). The occlusive wrapping was left in place over-
night for at least 8 h. Patients were permitted to apply the required
amount of pimecrolimus 1% on each occasion, and the amount of
cream used during the treatment period was estimated on day 9
by weighing all tubes that were dispensed on day 1. For adults and
children aged =8 years, the head and neck, the upper extremities,
the trunk and the lower extremities were assigned proportionate
body surface areas of 10, 20, 30 and 40%, roughly consistent with
the rule of nine for adults. For children aged below 8 years, a mod-
ification assigned 20% (head and neck), 20% (upper extremities),
30% (trunk) and 30% (lower extremities) to the 4 regions, respec-
tively. The area treated overnight under occlusion on the upper
limbs represented about 20% of the TBSA. The treated area of the
lower limbs represented another 40% of the TBSA for adults and
30% of the TBSA for children. Therefore, the TBSA treated under
occlusion was about 50% in children and about 60% in adults.
Thus, the occlusive overnight treatment was similar within pa-
tient groups, whereas the nonocclusive morning treatment was
applied to the affected TBSA, which represented an individual
and a variable component to the whole daily exposure to pimecro-
limus.
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Pharmacokinetic Assessments

Blood samples were collected on day 1 at 0 h, on day 9 at 0 h
(within 10 min prior to the morning application and wrapping),
and at 2, 4 and 8 h after the application and wrapping, and final-
ly after study completion on day 16. Blood samples were analyzed
by a validated liquid chromatography-mass spectrometry meth-
od. Pharmacokinetic variables were assessed for day 9 if at least 3
out of 4 measured concentration values were above the limit of
quantification. The limit of quantification was 0.3 ng/ml for sam-
ples from adults. During the study, for the analysis of samples
from adolescents and children, the limit of quantification was im-
proved to 0.05 ng/ml. The following pharmacokinetic variables
were determined using noncompartmental methods: AUC g 1,
(area under the whole-blood concentration/time curve from time
0 to 8 h), AUC(_15 h, AUC(_54 1, maximum observed whole-blood
concentration and time of maximum observed whole-blood con-
centration. AUC variables were calculated by the linear trapezoi-
dal method. The AUC,_g}, was calculated using the concentra-
tions measured at 0, 2, 4 and 8 h. The AUC_;,}, was extrapolated
from AUC,_g}, assuming steady-state conditions, that is the con-
centration Cj, , was assumed to be equal to Cy . Finally, the
AUC_ 4, was estimated as 2 X AUCy_, . The potential associa-
tion between blood concentrations and TBSA affected at baseline
and TBSA treated was evaluated graphically.

Efficacy and Safety Assessments

Efficacy assessments included the measurement of the extent
of lesions and IGA and eczema area and severity index (EASI)
scores [23]. The percentage of the TBSA affected by lesions was
evaluated using the rule of nine in adults or the Lund and Browder
chart for children. IGA is a 6-point static score that assesses dis-
ease severity on the basis of morphology (ranging from 0 = clear
to 5 = very severe). The IGA and EASI scores were assessed at
screening, baseline, day 9 and after study completion (day 16). The
safety assessments included monitoring and recording of all AEs
and serious AEs.

Statistical Methods

Descriptive statistics of pharmacokinetic parameters included
mean, standard deviation (SD) and median. The range of values
was presented for selected variables. Since time of maximum ob-
served whole-blood concentration is generally evaluated by a non-
parametric method, median and range values were given for this
parameter.

All patients who completed the trial with evaluable efficacy
measurements were included in the exploratory efficacy data
analysis. All patients who received at least 1 treatment were in-
cluded in the safety and tolerability evaluation. As with the phar-
macokinetic variables, descriptive statistics were used for analysis
of the efficacy and safety variables.

Results

Out of the 20 patients screened, 19 were given the
study medication. Sixteen patients completed the study
(7, 4 and 5 patients in groups A, B and C, respectively),
while 3 patients discontinued the study. The reasons for

No Systemic Absorption with
Pimecrolimus Cream under Occlusion

Table 1. Patient demographics and baseline disease characteris-

tics
Group A Group B Group C
(adults, (adolescents, (children,
n=9) n=4) n=6)
Age, years 39.6x16.7 14.0Xx1.4 58%x238
Gender
Male 6 (66.7) 3(75) 3 (50)
Female 3(33.3) 1(25) 3 (50)
Race
Caucasian 8 (88.9) 3 (75) 3 (50)
Black 1(11.1) - 2 (33.3)
Asian - 1(25) 1(16.7)
Weight, kg 74.0%17.1 69.9+144 24.8%+10.8
Height, cm 173.1+9.8 167.0x7.7 1153*17.3
BMLI, kg/m? 24.5%3.5 25.1%5.1 179%22
TBSA affected, % 43.4*16.1 35.8%£9.6 442+ 153
IGA score 3.7+0.5 38%0.5 33%05
EASI score 29.7+122 264%73 26.5%16.3

Results are means £ SD or numbers with percentages in pa-
rentheses. BMI = Body mass index; EASI = eczema area and sever-
ity index.

discontinuation included an AE (n = 1) and withdrawal
of consent (n = 2). The patient disposition is shown in
figure 1. The mean ages of patients in groups A, B and C
were 39.6, 14.0 and 5.8 years, respectively. The average
severity of the disease was comparable across the groups.
Patient demographics and baseline disease characteris-
tics are summarized in table 1. The dose variation ob-
served during the study treatment was based on the na-
ture of treatment, amount of cream applied, and area of
body covered. The total amount of cream applied (mean
+ SD) during the study was 348 * 230, 220 * 73.1 and
141 £ 78.4 gin groups A, B and C, respectively.

Pharmacokinetics

Seven patients in group A, 4 in group B and 2 in group
C provided complete blood samples as per protocol. The
mean concentrations of pimecrolimus in blood on day 9
exhibited a plateau over a time interval of 0-8 h (fig. 2).
There was no obvious difference between the study
groups. All mean pimecrolimus blood concentrations
were below 0.8 ng/ml. The determined pharmacokinetic
variables (with mean, SD and range) are summarized in
table 2. The AUC(_,41, was estimated in 10 patients across
the groups (groups A and B: n = 4; group C: n = 2) and
was in the range of 2.4-41.4 ng-h/ml. The highest indi-
vidual blood concentrations observed during the study
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Total population
screened (N = 20)

Excluded from dosing (n = 1)
Reason for exclusion:
« Abnormal laboratory value

v

\ 4 v

Group A
(adults,n=9)

1% pimecrolimus cream

1% pimecrolimus cream
Group B
(adolescents, n = 4)

1% pimecrolimus cream
Group C
(children, n = 6)

v

«AE(n=1)

Discontinuation (n = 2)
Reasons for discontinuation:

- Withdrawal of consent (n = 1)

l |

Discontinuation (n=1)
Reason for discontinuation:
« Withdrawal of consent (n=1)

Discontinuation (n = 0)

v

v v

Completed the study (n =7)

Completed the study (n = 4) Completed the study (n = 5)

Fig. 1. Patient disposition.

with 1% pimecrolimus cream under occlusion were 1.84,
0.55 and 1.29 ng/ml in adults, adolescents and children,
respectively. Given the large variability, there was no ob-
vious difference in the pharmacokinetic variables be-
tween the study groups.

A total of 71 blood samples were collected and ana-
lyzed. The frequency distribution of all measured blood
concentrations of pimecrolimus under occlusion is shown
in figure 3a. Eighty-four percent of all samples measured
were below 0.5 ng/ml. There was no obvious difference
between the study groups. For comparison, data from
previously published studies of pimecrolimus without
occlusion in AD patients are shown in figure 3b. The sim-
ilarity between the data indicates that occlusion did not
cause any increase in skin penetration, that is in system-
ic exposure to pimecrolimus.

To check for a potential relation between pimecroli-
mus blood levels and the TBSA affected, all measured
blood concentrations were plotted versus affected TBSA
(tig. 4). For the whole patient group with affected TBSA
in the range of 30-72% comprising adults, adolescents
and children, blood levels showed strong variability but
no correlation with affected TBSA. As an apparent ex-
ception, the highest blood concentration was observed
in an adult patient with an affected TBSA of 80%; how-
ever, these concentrations were still within the concen-
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Fig. 2. Mean (£SD) pimecrolimus blood concentrations with
pimecrolimus cream 1% twice daily under overnight occlusion.
LOQ, = Limit of quantification in adults; LOQgc = limit of quan-
tification in adolescents and children; concentrations below the
limit of quantification are shown as 0 values.

tration range observed in nonocclusive studies, and the
results are consistent with published data showing no
correlation with the percentage of affected TBSA [10, 12,
14, 15].
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Fig. 3. Frequency distribution of pimecrolimus blood concentrations; n = number of blood samples analyzed in
each group. Comparison of treatment under occlusion (a) and with nonocclusive treatment (b); pooled data
from Harper et al. [10], Van Leent et al. [11, 14] and Allen et al. [13].

Table 2. Pharmacokinetic variables for pimecrolimus blood concentrations on day 9 following treatment with pimecrolimus cream 1%

twice daily under occlusion

Group A (adults, n = 4)

Group B (adolescents, n = 4) Group C (children, n = 2)

mean * SD range mean * SD range mean £ SD  values®
tmax D 4b 0-8 2b 0-8.2 6P 4;8
Cpnax ng/ml 0.89%0.66 0.36-1.84 0.36*0.18 0.11-0.55 0.76 0.23; 1.29
tasts D 8.00*0.05 7.98-8.08 8.06%0.13 7.97-8.25 8.00 8.0; 8.0
AUC,_g, ng-h/ml 6.21%5.21 2.47-13.91 1.84£0.68 0.85-2.30 4.90 1.76; 8.05
AUCy_121, ng-h/ml 9.29%7.82 3.18-20.70 294*1.14 1.24-3.64 7.57 2.61;12.52
AUC_p4p, ng-h/ml 18.57 £15.63 6.35-41.40 5.87%2.28 2.47-7.29 15.13 5.21; 25.05

tmax = Time of maximum observed whole-blood concentration; tj,s = time of last quantifiable whole-blood concentration; Cy,.x =
maximum observed whole-blood concentration. For calculation of pharmacokinetic parameters, see text.

@ Data reported across 2 patients. ® Values reported as median.

Efficacy

Treatment with pimecrolimus cream 1% was effective
in all 3 groups. The efficacy results are summarized in
table 3. The average reduction in EASI scores from base-
line at the end of the study were -6.2, -9.5 and -14.1 in
adults, adolescents and children. With pimecrolimus
cream 1% under occlusion, children showed a greater im-
provement in disease from baseline compared with ado-
lescents and adults, which is evident from the mean aver-
age changes of EASI at the end of the study. None of these
moderate to severe AD patients achieved an IGA score of
0 or 1 (no or almost no disease) on day 9, but the ratios

No Systemic Absorption with
Pimecrolimus Cream under Occlusion

(in percentage) of patients with severe disease at baseline
to day 9 were 66.7/42.9 for group A, 75.0/25.0 for group B
and 42.9/0 for group C. Conversely, the ratios of patients
(in percentage) with mild disease at baseline to day 9 were
0/0 for group A, 0/25 for group B and 0/66.7 for group C.

Safety

Pimecrolimus cream was well tolerated within various
study populations. Fifty nonserious AEs were reported,
of which the majority (40) were moderate and 5 were se-
vere AEs (table 4). Most of the AEs were assessed by the
investigator as related to skin wrapping (45/50 AEs), and
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Table 3. Efficacy analysis in the 3 groups treated with pimecrolimus cream 1% under occlusion

Groups TBSA affected, % EASI score
baseline day 9 baseline day 9
Group A (adults) (n=9) (n=7) (n=9) (n=7)
Median 36.0 40.0 25.1 17.6
Mean * SD 434*16.1 38.6%£16.0 29.7%£12.2 22.7%11.1
Range 30-80 20-70 18-56 14-40
Group B (adolescents) (n=4) (n=4) (n=4) (n=4)
Median 31.5 29.0 26.1 18.7
Mean * SD 35.8%9.6 36.5%£30.4 264%73 21.5%16.3
Range 30-50 10-78 18-35 6-43
Group C (children) (n=6) (n=6) (n=6) (n=06)
Median 40.5 19.0 25.1 12.3
Mean * SD 442%153 24.8%13.8 26.5%6.3 11.9%5.6
Range 30-72 11-44 18-36 6-19
Discussion
2075 Adults .
1.8 4 4 Adol . . . .
2 16d+ s ° Pimecrolimus, a macrolide immunomodulator be-
S 947 longing to the family of calcineurin inhibitors, inhibits
ging Y
= b + . . .
5§ 127 T cell proliferation, mast cell degranulation, and produc-
£ :)'Z ] B tion and release of interleukins 2 and 4, y-interferon and
g o6 0 tumor necrosis factor a.. In addition, calcineurin has been
;2 sl m::s 777777 s R shown to negatively regulate Toll-like receptor-mediated
2 02 AT ‘ LOQ, signaling [24, 25]. Consistent with this finding, pimecro-
o4 i LOQgc limus has been shown to enhance antimicrobial peptide
~02 . . . . . .
o 10 20 30 40 50 60 70 80 90 100 expr.essmn in humap kera.tlnocytfes in Vlt.I'O, suggesthg a
TBSA (%) possible role of topical pimecrolimus directly affecting
keratinocytes in vivo [26]. However, unlike corticoste-

Fig.4. Scatter plot of all measured pimecrolimus blood concentra-
tions versus TBSA treated. LOQ4 = Limit of quantification in
adults (0.3 ng/ml); LOQgc = limit of quantification in adolescents
and children (0.05 ng/ml); concentrations below the limit of
quantification are shown as 0 values.

among these, sweating (n = 10) and itching (n = 13) were
the most common. There was a relatively higher number
of AEs in group B (25 AEs in 4 patients). The majority of
these events in group B were not considered by the inves-
tigator to be related to the study medication (22/25 events).
There were no deaths or serious AEs reported during the
study. One patient (group A) discontinued the study be-
cause of an AE caused by severe itching under the occlu-
sive wrap.

6 Dermatology

roids, pimecrolimus does not affect endothelial cells and
tibroblasts and hence does not induce skin atrophy. More-
over, the safety profile of pimecrolimus has been well de-
scribed in both adults and children with AD [25].

Skin permeation and systemic absorption of pimecro-
limusin AD patients have been shown to be generally low.
This was observed even when pimecrolimus cream 1%
was applied to large body surfaces up to 92% [11, 13]. In
an in vitro investigation comparing the penetration and
permeation properties of pimecrolimus and 3 corticoste-
roids (betamethasone-17-valerate, clobetasol-17-propio-
nate and diflucortolone-21-valerate), concentrations of
pimecrolimus and corticosteroids in human skin were of
the same order of magnitude; permeation of pimecroli-
mus through human skin was, however, lower by factors
of 70-110 compared with the corticosteroids. Compared
with tacrolimus in human or pig skin, similar drug con-
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Table 4. Adverse events overall and frequently affected system organ classes

Group A Group B Group C Total
(adults, n = 9) (adolescents,n =4) (children,n=6) (N=19)

Any body system

Total 9 (100) 4 (100) 5(83.3) 18 (94.7)
General disorders and administrative site conditions

Application site discomfort 2(22.2) 0(0) 0(0) 2(10.5)

Application site irritation 0(0) 1(25) 0(0) 1(5.3)

Application site pain 1(11.1) 0(0) 0(0) 1(5.3)

Application site perspiration 0(0) 3 (75) 0(0) 3(15.8)

Application site pruritus 5 (55.6) 3 (75) 1(16.7) 9 (47.4)

Heat sensation in the face 0(0) 1(25) 0(0) 1(5.3)

Peripheral edema 1(11.1) 0(0) 0(0) 1(5.3)
Infections and infestations

Infected dermatitis 3(33.3) 0(0) 0(0) 3(15.8)

Folliculitis 1(11.1) 1(25) 0(0) 2(10.5)

Nasopharyngitis 1(11.1) 2 (50) 0(0) 3(15.8)

Perichondritis 0(0) 1(25) 0(0) 1(5.3)
Psychiatric disorders

Sleep disorder 1(11.1) 0(0) 0(0) 1(5.3)
Respiratory, thoracic and mediastinal disorders

Cough 0 (0) 0 (0) 2(33.3) 2(10.5)
Skin and subcutaneous tissue disorders

Dyshidrosis 1(11.1) 0(0) 0(0) 1(5.3)

Pain of the skin 0 (0) 0(0) 1(16.7) 1(5.3)

Pruritus 0(0) 0(0) 3 (50) 3(15.8)

Skin disorder 1(11.1) 0(0) 0(0) 1(5.3)

Swollen face 1(11.1) 0(0) 0(0) 1(5.3)

Figures are numbers with percentages in parentheses.

centrations were measured in the skin, whereas perme-
ation of pimecrolimus through the skin was consistently
lower by a factor of 9-10. It is noteworthy that lipophilic-
ity was the highest for pimecrolimus, based on the octa-
nol/water distribution coefficient value (6.99) being high-
er by factors of 8 and 25-450 than that of tacrolimus
(6.09) and the 3 corticosteroids, respectively (range 4.34-
5.60). The low permeation of pimecrolimus may thus be
explained by its higher lipophilicity (compared with ta-
crolimus and corticosteroids), and further by its higher
molecular weight (compared with corticosteroids) [18,
27]. Additionally, in an in vitro study, the binding of
pimecrolimus to human skin proteins was approximate-
ly 3-fold higher than that of tacrolimus, and the free frac-
tion of pimecrolimus in human plasma was approximate-
ly 9-fold lower than that of tacrolimus [28]. All these find-
ings, consistent with the clinical pharmacokinetic data,
may explain the low level of systemic absorption follow-
ing topical application of pimecrolimus.

No Systemic Absorption with
Pimecrolimus Cream under Occlusion

Applying drugs under occlusion inhibits physiological
water loss and increases the skin temperature. This may
help in forming a drug reservoir within the stratum cor-
neum [19, 20]. As topical formulations are often applied
under occlusion, the present study was designed to evalu-
ate the efficacy, safety and systemic exposure of pimecro-
limus cream 1% under occlusion in adult and pediatric
patients with moderate to severe AD.

In this study, pimecrolimus cream 1% under occlusion
was effective in all 3 age groups (i.e. adults, adolescents
and children) as shown by the average reduction in the
EASI scores compared with the baseline. Consistent with
previous studies, efficacy was the most pronounced in
younger patients, possibly due to a more sensitive skin in
this population.

The majority of the AEs were moderate and were re-
lated to the occlusive procedure rather than to the treat-
ment. No serious AEs were reported in the study. Only
1 patient withdrew from the study because of an AE,
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which was caused by increased itching due to occlusive
wrapping.

All mean pimecrolimus blood concentrations, in all
age groups, were below 0.8 ng/ml. The highest individual
maximum observed whole-blood concentration value,
measured in an adult, was 1.84 ng/ml. This is in concur-
rence with the findings from previous studies observed
without occlusion in infants and children [10, 12, 29]. The
highest ever reported individual blood concentration of
pimecrolimus, 2.6 ng/ml, was measured in a nonocclu-
sive study in infants [13]. The frequency distribution of
blood concentrations of pimecrolimus cream 1% under
occlusion, shown in figure 3a, showed that there was no
relevant difference between the study groups. Further,
the results were consistent with the findings from numer-
ous published studies without occlusion [8-15]. For com-
parison, the data from 4 of these published studies were
combined and are shown in figure 3b. Figure 3 shows
that there was no relevant difference between occlusive
and nonocclusive treatments. Thus, for pimecrolimus 1%
cream, occlusion does not cause any increase in skin pen-
etration and systemic exposure.

The conclusion is further supported by the following
data comparison: after occlusive treatment, pimecroli-
mus blood concentrations were below 0.5 ng/ml in 84%
of all samples (fig. 3a), and 27% of all samples (not
shown) had levels below the limit of quantification (0.05
or 0.3 ng/ml). In a review publication, it was shown that
in about 60% of all blood samples from pediatric patients
(nonocclusive treatment), pimecrolimus blood concen-
trations were below 0.5 ng/ml [9]. Further, 27% were be-
low the limit of quantification (0.1 ng/ml) [29].

Because of the low blood levels measured, calculation
of AUC variables was feasible for only a few individuals
per group. The highest individual value for AUC,_»4, was
41.4 ng-h/ml, which was found in an adult who was an
outlier compared with the remaining study population.
This AUC,_,4 1, value was slightly above the hitherto pub-
lished highest value of 37.6 ng-h/ml (calculated as twice
the reported AUC,_, , of 18.8 ng-h/ml) [10, 16]. Never-
theless, the systemic exposure of this patient as well as
that of all other patients in this study was approximately
in the same range as in the nonocclusive studies pub-
lished previously [8-15].

Figure 4 shows a scatter plot of all measured blood
concentration values versus affected TBSA. Since the
number of patients and observations was limited, no final
conclusion can be drawn; however, for the patient group
in the affected TBSA range of 30-72%, there was clearly
no correlation between affected TBSA and systemic ex-
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posure. The highest individual blood levels were mea-
sured in 1 adult patient who exhibited an affected TBSA
of 80% (fig. 4). However, from this single observation no
tendency can be inferred to a higher systemic exposure
with more highly affected (and treated) TBSA, that is to
a dose-related exposure.

It is noteworthy that a minimal affected-TBSA-depen-
dent increase in blood concentration has been deter-
mined by Allen et al. [13], although, given the strongly
varying blood concentrations, the very small tendency
was judged to be of no relevance. Further, in numerous
published studies where affected TBSA ranged from 0 to
90%, the blood levels of pimecrolimus were generally low
and variable, with no correlation with affected TBSA [9,
12, 14, 15).

It should be noted that the TBSA treated overnight un-
der occlusion (4 wrapped limbs) was similar across the
study population, while the nonocclusive morning treat-
ment on the affected TBSA represented an individual and
variable contribution to the drug exposure of each pa-
tient. The variable treatment component might have been
expected to lead to a TBSA-dependent systemic exposure;
however, the study results do not support that hypothesis.

In summary, we did not find any apparent difference
in pimecrolimus blood concentrations when pimecroli-
mus cream 1% was applied either with or without occlu-
sion. Similarly, in a previous study with occlusive treat-
ment of hand dermatitis with pimecrolimus cream 1%,
occlusion did not cause increased absorption and blood
levels [22]. In contrast, absorption of topical corticoste-
roid drugs was reported to increase when administered
under occlusion [30, 31]. The effect of occlusion on per-
cutaneous absorption of a drug may be influenced by its
physicochemical properties, site of application and na-
ture of the vehicle [19]. Under occlusion, the absorption
of different steroid hormones increased with increasing
lipophilicity of the molecule [32]. However, even if occlu-
sion of a topically applied formulation may often increase
penetration into the skin, this effect is not always ob-
served.

The present investigation showed that occlusion had
no impact on the percutaneous absorption of pimecroli-
mus. The most likely explanation for this observation is
the high lipophilicity of pimecrolimus. As discussed
above, based on the octanol/water distribution coeffi-
cient, pimecrolimus is more lipophilic than tacrolimus,
and far more so than corticosteroids [18, 27]. This is in
line with the protein-binding properties of pimecroli-
mus. The higher nonsaturated binding of proteins for
pimecrolimus may increase the local drug concentration
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after topical administration and hence reduce perme-
ation through the skin [28]. Occlusion is likely to main-
tain, if not increase, the water content in the epidermis
and stratum corneum. Thus, under occlusion, the upper
skin layers become a more hydrophilic environment. It is
plausible that in this environment, penetration and per-
meation of the highly lipophilic drug pimecrolimus are
not favored. Therefore, the results of this study appear to
reflect the physicochemical properties of pimecrolimus.

Conclusion

No formal inferential analysis was done as the study
was not adequately powered for significance testing of a
statistical hypothesis. However, the results indicate that
occlusive treatment with pimecrolimus cream 1% over
8.5 days does not cause an increase in the pimecrolimus
blood concentrations, compared with nonocclusive treat-

ment. With the exception of AEs reported by the investi-
gator as related to occlusion, the safety profile was com-
parable to the studies conducted without occlusion.
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