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Drug Evaluation 

Pimecrolimus, a topical calcineurin 
inhibitor used in the treatment of 
atopic eczema 
Hanna Prucha†, Christina Schnopp, Cezmi Akdis, Roger Lauener, 
Andreas Wollenberg, Johannes Ring & Claudia Traidl-Hoffmann 
†TU Munich, Dermatology, Munich, Germany 

Introduction: Pimecrolimus, a calcineurin inhibitor, is a non-steroidal treat- 
ment option in patients aged ‡ 2 years with mild-to-moderate atopic eczema 
(AE). It was approved as a viable therapeutic option by the FDA in 2001 and in 
the European Union a year later in 2002. Calcineurin inhibitors inhibit the 
synthesis of inflammatory cytokines released from T cells and mast cells. In 
contrast to corticosteroids, calcineurin inhibitors act specifically on proinflam- 
matory cells. Pimecrolimus shows comparative efficacy to mild topical cortico- 
steroids and a special antipruritic effect. Furthermore, examinations of the 
systemic absorption of pimecrolimus implicated no systemic immunosuppres- 
sion. In 2006, the FDA set a black box warning in the packaging materials of 
pimecrolimus alluding to the risk of skin malignancy or lymphomas due to 
theoretical consideration. 
Areas covered: The authors provide a review of pimecrolimus as a treatment 
for AE. Specifically, the authors present the pharmacokinetic and pharma- 
codynamic information on pimecrolimus and also review its efficacy. The 
authors also discuss pimecrolimus’ safety and tolerability profile. 
Expert opinion: Pimecrolimus represents a valuable part of active and proac- 
tive therapy in AE. That being said, the long-term safety of topical calcineurin 
inhibitors remains to be investigated. Given the results from experimental 
photocarcinogenicity studies, effective sun protection should be employed 
during the therapy, although an increased risk for skin malignancies and lym- 
phomas was not found in recent studies. Pimecrolimus should be considered 
as an alternative therapeutic approach in AE treatment management going 
along with a corticoid-sparing effect. 

Keywords: ascomycin, atopic dermatitis, atopic eczema, pimecrolimus, topical calcineurin 

inhibitors 

                                                         

1. Introduction 

For more than 10 years, pimecrolimus (formerly SDZ ASM 981), a topical 
calcineurin inhibitor (TCI), has been available for the treatment of atopic eczema 
(AE) and other inflammatory skin diseases as a nonsteroidal topical option [1-3]. 
Pimecrolimus 1% cream is approved in the United States and Europe for the 
topical treatment of mild-to-moderate AE patients aged > 2 years, while in some 
other countries, it is approved for the treatment of all severities of AE in 
patients ‡ 3 months of age. Moreover, pimecrolimus is indicated if topical glucocor- 
ticosteroids cannot be used or when a glucocorticoid-sparing AE management is 
desired. Especially in problem areas such as face, neck, intertriginous zones, it is 
advantageously used to reduce the symptoms of eczema and inflammation, according 
to the guidelines for treatment of atopic dermatitis published in 2012 [1,2,4]. 
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AE (synonymous with atopic dermatitis) is defined as a 
chronically relapsing, inflammatory, itching skin disease 
with a typical age-related distribution of lesions [5,6] and 
markedly impaired quality of life. AE is the result of complex 
interactions between individual genetic susceptibility, skin 
barrier dysfunction and environmental influence and leading 
to systemic or local immune deviation [7]. AE continues to 
attract growing attention because of its increasing prevalence 
in most countries of the world and the compromised quality 
of life of affected patients [8,9]. In the ISAAC study of 56 coun- 
tries involving 458,623 children, a high worldwide variation 
of prevalence of the disease was confirmed, with an 
increasing prevalence, especially in industrialized countries, 
reaching 17% of children in Northern Europe [10]. The 
frequency in adults is lower, ranging from 1% at time of 
inspection to 5.1% for a lifetime prevalence [11]. 

Apart from AE, data are accumulating that TCIs are also 
effective in other inflammatory diseases such as allergic 
contact dermatitis and seborrhoeic dermatitis [12,13], cutane- 
ous lupus erythematodes [14], vitiligo [15], alopecia areata [16], 
rosacea and perioral dermatitis [17,18]. 

2. Overview of the market 

Currently available therapies of AE consist of adjuvant basic 
treatment of the impaired skin barrier with emollients, 
avoidance of individual trigger factors and anti-inflammatory 
treatment with glucocorticosteroids [19] or calcineurin inhibitors, 
which are mostly applied topically [20,21]. 

Clinical effectiveness and safety in the treatment of AE are 
scientifically proven for topical corticosteroids and TCIs such 
as tacrolimus and pimecrolimus. However, locally and sys- 
temically applied anti-inflammatory drugs do not completely 
cure the eczema but are highly effective in controlling or 

suppressing symptoms in most cases. Correct application, 
sufficient strength and dosage are essential principles of an 
effective topical therapy. It is important to make the appropri- 
ate choice of substance for the ‘severity of eruption’ without 
unnecessarily selecting strong topical corticosteroids. A step- 
wise approach -- taking into account the severity -- is essential 
in the management of AE. Owing to the increased potential 
for systemic absorption of topical drugs in infants, lower 
potency agents are recommended. Severe refractory cases can 
be treated by more potent topical steroids or phototherapy or 
systemic corticosteroids or immunosuppressives such as 
cyclo- sporine, methotrexate, mycophenolate mofetil [22]. In a 
holistic approach, the pharmacological treatment should be 
combined with individual recommendations regarding daily 
life and avoidance strategies, patient education and 
psychosomatic counseling [4,5,23-25]. 

Topical corticosteroids are mainly prescribed for short- 
term treatment of acute flares and are supplemented by emol- 
lients not just because of safety concerns associated with 
their use, especially when they are used over longer periods. 
Known side effects of topical steroids include skin atrophy, 
telangiec- tasia, hypopigmentation, steroid acne, increased 
hair growth and rosacea-like eruptions [5,25]. Rarely, systemic 
effects of topical corticosteroids have been reported such as 
suppression of the hypothalamic--pituitary--adrenal axis, 
growth retar- dation, glaucoma and Cushing syndrome [25]. 
However, the new generation of topical steroids is 
characterized by a low resorption profile and thus almost 
negligible systemic concentrations. 

Other therapeutic options especially systemic treatments 
have a wide array of possible side effects. In summary, a 
satis- factory therapy of chronic inflammatory disease such as 
AE should reduce symptoms, prevent relapses/flares and 
provide long-term management with high safety also for 
children. 

[64-67,63,68-70] Pivotal trial(s) 
Cl 

O 
O 

O 

O O 

N 

O 
H O 

O 

O O 

Drug name 
Phase 
Indication 
Pharmacology description 
Route of administration 
Chemical structure 

Box 1. Drug summary. 

Pimecrolimus 
Launched 
Mild-to-moderate AE, not under age of 2 
Immunosuppressant, anti-inflammatory 
Topical, twice daily 

O 

http://informahealthcare.com/action/doSearch?type=advanced&displaySummary=true&displaySummary=true&field1=keywords&text1=Pimecrolimus&logicalOpe1=OR&field2=articletitle&text2=Pimecrolimus&logicalOpe2=AND&field3=all&text3&search=Search&categoryId=41010274&categoryId=40002416&categoryId=40004717&categoryId=40004717&filter=multiple&AfterMonth=1&AfterYear&BeforeMonth=12&BeforeYear&sortBy=date&nh=20
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3. Introduction to the compound 

SDZ ASM 981, an ascomycin derivate, is a compound in a 
novel class of anti-inflammatory macrolactams developed 
more than 20 years ago -- known today as pimecrolimus, a cal- 
cineurin inhibitor. Ascomycin was originally isolated in the 
early 1960s from the fermentation product of Streptomyces 
hygroscopicus var. ascomyceticus and had showed antifungal 
activity [26]. 

Pimecrolimus was especially developed for the treatment 
of chronic inflammatory diseases of the skin [27]. The drug 
inhib- its the synthesis of inflammatory cytokines released 
from T cells and mast cells [28]. In contrast to corticosteroids, 
which modify the growth and function of many other cell 
types, for example, fibroblasts or keratinocytes which cause 
the known side effects, SDZ ASM 981 acts specifically on 
inflammatory cells. Therefore, pimecrolimus is an established 
alternative to topical corticosteroids. Pimecrolimus binds to a 
cytosolic pro- tein, known as immunophilin (macrophilin) 
[29,30], forming inhibitory complexes that block calcineurin 
phosphatase activity, thus inhibiting initiation of cytokine 
transcription and activation of T-lymphocytes [31]. 

Two other calcineurin inhibitors cyclosporine and tacroli- 
mus (topical macrolactam agent FK506) are well established 
over decades in transplantation medicine as systemic immu- 
nosuppressive treatments [32]. 

Oral cyclosporine has been intensively explored during the 
past decades and at present, cyclosporine shows the most 
con- vincing evidence as systemic treatment for severe, 
recalcitrant AE. However, concerns about renal toxicity and 
other sys- temic side effects limit the use of the drug. Topical 
treatment with cyclosporine, in AE and psoriasis, seemed to 
be ineffec- tive because of poor percutaneous penetration [33-

35], whereas the use of tacrolimus is 10 -- 100 times more 
potent than cyclosporine in inhibiting T-cell activation [30,36]. 

4. Chemical structure 

Pimecrolimus (Box 1), is a macrolide with a molecular mass of 
810 Da. 

Pimecrolimus has a very similar structure as tacrolimus. 
Both interact with macrophilin-12 (the cytosolic receptor 
FK506-binding protein) and inhibit the phosphatase calci- 
neurin. Its effects resemble those of tacrolimus [37]. Both 
substances differ in their therapeutic effectiveness as well 
as in their structure-related limitations of formulation [38]. 

5. Pharmacodynamics 

A major target of pimecrolimus is the nuclear factor of 
activated T cells (NFAT). This is a multiply phosphorylated 
transcription factor in the cytoplasm, which becomes acti- 
vated by various stimuli and then results in calcineurin 

activation and modulation of gene expression in the nucleus. 
This is also a key pathway in AE. 

Pimecrolimus acts by inhibiting the calcineurin/NFAT axis 
by inhibiting the NFAT nuclear translocation, thus suppress- 
ing the inflammatory pathway by inactivating T-cell response. 
It blocks both, the Th1-cytokines, such as IL-2 and IFN-g, 
as well as the Th2-cytokines, such as IL-4, IL-13 and 
IL-10 [39,40]. It has a cell-selective mode of action. In mast 
cells, liberation of mediator substances such as hexosamini- 
dase, histamine and tryptase are inhibited as well as de novo 
transcription of the late-phase cytokine TNF-a [28]. By induc- 
ing apoptosis, it inhibits accumulation of mast cells. Pimecro- 
limus has no effect on the differentiation and function of 
dendritic cells [28,41]. 

In the past years, there is accumulating evidence, that 
pimecrolimus can also target other cell types than lympho- 
cytes, for example, mast cells [42,43], which are responsible 
for histamine liberation. Al-Daraji et al. have shown in a 
recent study of keratinocytes that the nuclear translocation 
of NFAT is also regulated by the enzyme calcineurin and 
influenced by its inhibitors [44]. Furthermore a role for 
calcineurin in the differentiation of keratinocytes has been 
described [45,46]. However, the effect of TCIs on T-lymphocytes 
seems to be most prominent mechanisms in anti-inflammatory 
treatment in acute eczematous lesions [47,48]. 

Because of the higher molecular mass and weaker lipo- 
philicity, pimecrolimus penetrates much less through the 
skin than topical corticosteroids [13,37,43,49-53]. 

6. Pharmacokinetics and metabolism 

In vitro and in vivo studies with TCIs show similar skin con- 
centrations after local application, but the different products 
differ in their ability to pass through the skin. Pimecrolimus 
has a greater skin affinity than tacrolimus and permeates less 
through the skin by factors of 70 to 110 as compared to cor- 
ticosteroids and factors 9 to 10 as compared with tacrolimus. 
This can be attributed to the high lipophilicity of pimecroli- 
mus (in contrast to corticosteroids and tacrolimus) and its 
high molecular mass of 810 Da (in contrast to corticoste- 
roids) [53]. In conclusion, systemic resorption is very low 
(typically < 1 ng/ml), even in patients with extensive skin 
lesions and impaired barrier function [3,27,54,55] independent 
from dosing regimens [56] and the area treated [55]. 
Staab et al. treated infants with AE with topical pimecroli- 
mus and observed only a low systemic drug exposure, the 
drug concentrations remained < 2 ng/ml in 96% of the 
cases [57]. In a 2004 review of adult patients with moderate- 
to-severe AE who were treated with pimecrolimus cream 
1% on all affected skin lesions for 3 weeks, the blood 
concentrations of pimecrolimus stayed below the level of 
detection in 78% of 444 samples evaluated. The highest con- 
centration measured was 1.4 ng/ml, which was well below 
immunosuppressive activity [52,55]. 
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Furthermore, it has been shown that pimecrolimus also has 
therapeutic potential after oral administration in patients with 
AE or psoriasis [58,59]. A study in healthy volunteers demon- 
strated, that a single oral dose of 15 mg pimecrolimus is 
absorbed rapidly in 1 -- 3 h [60]. Maximum blood concentra- 
tions were reached 1 h after dosing in three subjects and at 
2 and 3 h when dosing in one subject with a rapid decrease, 
followed by a long termination phase. Small amounts of the 
drug, only 0.7 ± 0.9% of the administered dose, were detected 
in feces suggesting a nearly complete absorption or destruc- 
tion in the intestine. The absolute bioavailability could not 
be determined in this study. The compound resided mainly 
within the blood cells, ~ 12% in plasma with a high distribu- 
tion in the tissues. The metabolism seems to be very complex 
with many biotransformations; the oxidative steps are likely to 
be catalyzed by cytochrome P450 enzymes, CYP3A4 being 
mainly responsible for its metabolism. The elimination occurs 
almost exclusively by oxidative metabolism and the metabo- 
lites are excreted mainly via the feces [60]. In Europe, only 
cyclosporine as a drug in this category, is licensed for systemic 
treatment of skin diseases. 

7. Clinical efficacy 

In 1998, Van Leent et al. showed that pimecrolimus is 
effective in the treatment of AE patients in a randomized, 
double-blind, placebo-controlled, right-and-left comparison, 
proof-of-concept study [61]. A total of 34 adults with AE 
were treated with pimecrolimus 1% cream or vehicle in a 
very small area of 1 -- 2% of the body surface. A score 
measur- ing erythema, pruritus, excoriation, exudation and 
lichenifica- tion was used. After 3 weeks of twice daily 
treatment, a mean of 72% reduction of the score was 
observed in patients treated with pimecrolimus compared 
with a 10% reduction in patients treated with the vehicle. 
Within the first days of treat- ment with the compound, 
pruritus was relieved and other clinical signs of disease were 
improving. A cohort treated only once daily with 
pimecrolimus in AE, reached only a 38% improvement of 
the score. No side effects were observed and the systemic 
absorption was very low. In summary, these data show good 
effectiveness of pimecrolimus and tolerability with only 
minimal systemic absorption in AE patients. 

In 2001, Harper et al. designed the first pediatric study 
using pimecrolimus cream 1% to evaluate the systemic expo- 
sure [62]. In these children aged 1 -- 4 years, there was no 
systemic accumulation of pimecrolimus after a period of 
3 weeks topical treatment even in treatment up to 69% of 
the BSA. In 63% of patients, the blood concentrations 
were < 0.5 ng/ml (-1) and the maximum level reached was 
at 1.8 ng/ml (-1). The values were within the same range as 
in adults with the same therapy. No serious adverse event 
occurred, but two of ten infants experienced a flare of AE 
which was not controlled by the study medication. 

In 2002, Kapp et al. [63] examined the efficacy of pimecro- 
limus in acute flares of AE in infants, in a double-blind, 

vehicle-controlled and randomized study. Fresh lesions of 
AE were treated with pimecrolimus cream to prevent an 
exacerbation. Indeed, pimecrolimus reduced AE flares in the 
pimecrolimus group and reduced the need for topical corti- 
costeroids. Moreover, there were no clinical significant differ- 
ences in incidence of side effects between the verum and 
placebo group. 

Moreover, Luger et al., Herbert et al. and Van Leent et al. 
performed long-term studies in adults and children [64-66] 

with good results; 17% of the pimecrolimus group patients 
in another study reported adverse events on the application 
area, such as burning and itching [56]. Pimecrolimus cream 
was also well tolerated in these long-term studies of 6 and 
12 months. Significant improvement occurred versus con- 
ventional therapies. At 12 months, 57% of infants and 
51% of children/adolescents had no flares. Long--term use 
of corticosteroids was significantly reduced during this 
phase [67,63]. 

Skin barrier disturbance represents a main feature in AE. 
Emollients are used as first-line therapy to restore the barrier 
deficiency. In context, comparative studies on the impact of 
locally applied anti-inflammatory drugs are of great impor- 
tance. Jensen et al. compared topical steroids and pimecroli- 
mus [68]. The gene expression data clearly show that even 
though corticosteroids exert more potent anti-inflammatory 
effects, skin barrier restoration is impaired in contrast to pime- 
crolimus, in which the expression of rate-limiting enzymes for 
lipid synthesis and the expression of involucrin and small 
proline-rich proteins are significantly reduced. Moreover, 
treatment for AE with corticosteroids in human skin and 
essential fatty acid-deficient mice (a model of chronic skin bar- 
rier disease with inflammation) caused a strong reduction in 
antimicrobial proteins. The reduction was less with pimecroli- 
mus, which may explain the clinical observation that pro- 
longed treatment with topical corticosteroids sometimes leads 
to bacterial infection [69]. This makes pimecrolimus a good 
candidate in long-term management of AE. 

In 2003, Graham-Brown and Grassberger suggested the 
application of pimecrolimus at the first signs and symptoms 
of AE to prevent flare progression and to provide long-term 
control [51]. After 3 years, Weissenbacher et al. showed that 
pimecrolimus pretreatment has a potential to suppress the 
development of lesions induced by aeroallergens exposure in 
patients with AE [70]. Following these facts, Wollenberg et al. 
suggested the proactive therapy of AE, ‘an emerging 
concept’, by using topical TCIs several times a week resulting 
in less disease exacerbation and better quality of life [71]. 

In parallel, Rappersberger et al. examined the effectiveness 
of pimecrolimus in other inflammatory diseases, such as pso- 
riasis, and obtained good results [72], but today pimecrolimus 
is only used in psoriasis patients for special lesions such as 
the face and intertriginous zones. One of the first studies in 
patients with severe psoriasis showed that after some days of 
therapy and semiocclusive conditions, psoriatic lesions cleared 
in a dose-dependent manner [73]. 
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Pimecrolimus was used in allergic contact dermatitis 
with good results [74]. It was evaluated in a study of 
66 patients with an established nickel contact dermatitis. 
The study compared pimecrolimus 0.2 and 0.6% with vehi- 
cle and betamethasone-17-valerate 0.1%. The therapeutic 
effect of pimecrolimus 0.6% was comparable to 0.1% 
betamethasone-17-valerate [12]. 

Furthermore, in recent years, there have been numerous 
reports about the off-label usage of pimecrolimus in a variety 
of diseases as mentioned before [75], for example, chronic hand 
eczema, perioral dermatitis, seborrhoeic dermatitis [76], Fox- 
Fordyce disease [76], orofacial Crohn’s disease/granulomato- 
sis [77], lichen sclerosus et atrophicus [78], Zoon’s plasma cell 
balanitis [79], alopecia areata, Netherton syndrome, chronic 
actinic dermatitis, vitiligo, lupus erythematosus, dermatomy- 
ositis [80], sarcoidosis, rosacea, Darier’s disease [81], graft versus 
host disease [82], Behcet’s disease [83], mucosal lichen planus, 
cutaneous mastocytosis [84], uveitis, as well as bullous and 
erosive dermatoses. 

8. Safety and tolerability 

In clinical practice more than nine million patients have been 
treated since December 2001, and most of them were younger 
than 10 years of age. 

8.1 Known side effects 
8.1.1 Burning sensations 
The most frequently reported side effect is a burning sensa- 
tion at the site of application (1.3%) with erythema (0.3%) 
and pruritus (0.2%) within the first few days of therapy [67], 
thus sometimes leading to discontinuation of therapy. Some 
patients experience a general feeling of heat [77]. A possible 
explanation for these burning sensations may be neuropeptide 
release and mast cell degranulation in murine skin [78]. All 
these local reactions disappear by the second week of treat- 
ment. Furthermore, signs of alcohol intolerance, skin discol- 
oration and hypersensitivity or allergic reactions were 
reported [79]. 

8.2 Side effects which cannot be ruled out 
8.2.1 Infections 
In a pooled analysis of many randomized studies, no increased 
risk for bacterial infections was shown, but there may be a 
trend for several viral skin infections with the use of 
pimecro- limus [67]. In this case, it is suggested to stop 
therapy with calcineurin inhibitors [13,67]. In other studies, 
there has been no significant difference in incidence of skin 
infections after topical pimecrolimus treatment compared to 
controls in infants and children [80,81]. 

8.2.2 Vaccination response 
In a study with 70 children aged up to 23 months, the 
immune response to vaccination was not affected by topical 
therapy with pimecrolimus [81,82], when the antibody titers 

after vaccination were measured. No suppression of the 
immune system was observed [81]. 

8.2.3 Skin atrophy 
In contrast to corticosteroids, pimecrolimus does not induce 
skin atrophy [83]. A placebo-controlled randomized study 
showed even a regression of skin atrophy in comparison to 
vehicle control [84] after long-term corticosteroid therapy. 

8.3 Controversially discussed side effect 
8.3.1 Photocarcinogenicity 
Based on the current data, the cancer risk associated with the 
use of TCIs on sun-exposed areas appears to be minimal or 
nonexistent [85-87]. TCIs modify the immune regulatory func- 
tion of the skin and may have the potential to enhance immu- 
nosuppressive ultraviolet (UV) effects. The information on 
UV protection in TCI patients is inconsistent. Following 
this problem, the European Dermatology Forum (EDF) pub- 
lished a position statement regarding this uncertainty after 
analyzing the data and found no conclusive evidence that 
long-term application of TCIs is photocarcinogenic. More- 
over, this photoeffect could be a good approach in the 
therapy of other diseases, for example, vitiligo. 

Photocarcinogenicity studies did not display a shortened 
time until the manifestation of skin tumors in the mouse 
model [88] and measurements of UV-induced dipyrimidine 
dimers gave no evidence of increased epidermal DNA dam- 
age [89]. In contrast, a study in hairless mice had shown an 
increased formation of skin papillomas after topical tacroli- 
mus, but not after topical pimecrolimus; its relevance to 
humans remains unclear [87]. 

8.4 Ruled out side effect 
8.4.1 Lymphoma risk 
Arellano et al. examined in a recent study the association 
between TCIs and lymphoma in over 293,000 AE patients. 
No increased risk of cancer was established [90]. 

In summary, calcineurin inhibitors such as pimecrolimus 
are well tolerated after local application and exhibit less side 
effects than corticosteroids. 

9. Black box warning 

Since Spring 2006, the USA regulatory agency (Food and 
Drug Administration [FDA]) ordered a mandatory warning, 
a ‘black box’, in the packaging materials of pimecrolimus 
and tacrolimus alluding to a possibly increased risk of skin 
cancer or lymphomas due to theoretical consideration and 
in absence of ultra-long-term experience of 10 years or 
more. The recommendations were based on theoretical risk 
of malignancy derived from safety profiles after systemic 
application. 

In January 2005, two malignancies were observed in an 
evaluation of over 19,000 patients treated with pimecrolimus 
1% cream; neither case was considered to be treatment 
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related [91,92]. The two affected patients, a 74-year-old male 
and a 65-year-old female, experienced colon carcinoma and 
squamous cell carcinoma of the skin, whereas the 5 cases of 
malignancy occurred in the control group [91]. 

In March 2006, 50 malignancies have been reported in 
post-marketing surveillance including 16 cases of skin malig- 
nancies (e.g., squamous cell carcinomas in patients at high 
risk) and 27 lymphomas including 21 non-Hodgkin lympho- 
mas. Also in this study and many other studies, no relation- 
ship could be demonstrated between these malignancies and 
the use of pimecrolimus cream 1%. Nevertheless, the neces- 
sity for further studies was pointed out by the European 
Medical Agency [79,93,94]. 

The German Federal Institute for Drugs and Medical 
Devices concluded the benefit:risk ratio as favorable. The 
FDA after reviewing evidence for this drug, determined in 
2006, that no causal relationship has been established between 
the use of TCIs and cases of skin cancer and lymphomas [95]. 
According to the modified European Union license and the 
EDF guidelines, anti-inflammatory treatment based on topi- 
cal glucocorticosteroids and calcineurin inhibitors is used in 

exacerbation management with the preferred use of calci- 
neurin inhibitors in certain locations such as, for example, 
the face or intertriginous zones or as drug of first choice 
when corticosteroids are contraindicated or not tolerated [23]. 

Indeed, there is an increased risk of malignancy in patients 
with systemic immunosuppression. However, topically applied 
pimecrolimus does not lead to substantially elevated blood 
levels and thus does not cause systemic immunosuppression [55] 

and cancer [92]. 
The safety of pimecrolimus was examined in various short- 

and long-term studies with AE patients. Especially, children 
were treated with pimecrolimus and a significant reduction 
in AE flares and pruritus was observed, without any malignan- 
cies in children. Adverse events were rare and probably not 
related to the compound and not clinically relevant. However, 
in summary, there are only sparse data on specific malignan- 
cies among TCI-treated patients. Available data on lym- 
phoma following TCI use are inconsistent and insufficient 
to draw a conclusion about the causal role of TCIs [96]. 
Among children enrolled in post-marketing pediatric registry 
studies for both tacrolimus and pimecrolimus, followed for up 
to 5.5 years (10,724 patient-years) or 6.5 years (16,219 
patient-years), respectively, the observed number of malignan- 
cies and lymphomas is very low and similar to the number 
expected for a sample of similar size in the general popula- 
tion [97]. Until now, in United States and Europe, pimecro- 
limus 1% cream is not indicated for children aged under 
2 years, but data so far suggest that an off-label use in this 
age group is safe [95]. 

10. Conclusion 

TCIs, such as pimecrolimus and tacrolimus, represent an 
effective treatment for AE. 

The current guidelines on AE state that pimecrolimus is 
indicated as first-line therapy when topical glucocorticoids 
are contraindicated or not well tolerated, especially in prob- 
lem zones such as face and neck in adults and children 
aged > 2 years [23]. The effectiveness of pimecrolimus in con- 
trast to vehicle and topical corticosteroids shows a favorable 
profile with the same efficacy as mild-to-moderate topical 
corticosteroids but with no risk of skin atrophy and only 
rare adverse events. 

11. Expert opinion 

Pimecrolimus 1% cream is an effective treatment for AE and 
safe alternative to topical corticosteroids. 

Using pimecrolimus on a proactive or regular basis, while 
reserving potent topical corticosteroids for severe exacerba- 
tions, may help patients to take control of AE and thus have 
a better quality of life. TCIs are an alternative therapeutic 
approach, which has emerged in recent years, is immunobio- 
logically founded and has been shown to be successful in 
numerous studies in the last years. Especially for young 
children and sensitive skin areas, calcineurin inhibitors are 
an appropriate therapy. A more proactive approach to 
disease control may better reflect patients’ needs and 
improve prognosis. 

The principle of proactive therapy is short-term induction 
therapy with classical topical anti-inflammatory therapy until 
most of the lesion are gone [71]. This should be followed by a 
long-term low-dose therapy, usually twice weekly, of previous 
affected areas of the body in combination with the long- 
term emollient therapy of the entire body as before. But till 
now, no studies about proactive therapy are available. 

Furthermore a combination with avoidance of individual 
provocation factors and education is suggested. Most of the 
patients express concerns using topical steroids in the long 
term, especially for these patients, calcineurin inhibitors are 
an interesting corticoid sparing option without the typical 
side effects such as skin atrophy. Many patients even report 
that their skin was smoother, less dry and less sensitive after 
a therapy with pimecrolimus according, probably, to a posi- 
tive pharmacological effect of pimecrolimus on the skin 
barrier function in AE patients. 

Moreover, topical pimecrolimus appears to be an effective 
treatment for a variety of other disorders that seem to 
increase in the past years; further studies are awaited to show 
the effectiveness. 

In general, ongoing epidemiological programs will provide 
further information, especially concerning the black box 
warning and the cancer risk which are raising confusion and 
concerns to many patients and parents. 

Because of these concerns, prolonged ultra-long use of 
pimecrolimus 1% cream should be re-evaluated, especially 
in infants and under conditions, which could increase its 
systemic absorption such as an application to the whole 
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body surface area, large areas of ulcerated skin or in patients 
with immune system disorders. Because of unclear results 
from photocarcinogenicity studies, effective sun protection 
should be employed during the therapy with calcineurin 
inhibitors. 

The risks and benefits in contrast to other available 
alternative therapies have to be considered. In summary, 
pimecrolimus is a very good option for short- and long- 
term treatment and proactive therapy management of AE 
patients and children with less side effects than topical 
corticosteroids. 
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