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Atopic dermatitis is a chronic inflammatory skin disease characterized byAbstract
recurrent intense pruritus and a distinctive distribution of skin lesions. The topical
calcineurin inhibitors tacrolimus and pimecrolimus were approved in the USA, as
an ointment and a cream, respectively, for the treatment of atopic dermatitis in
2000 and 2001, respectively. In 2005, the Pediatric Advisory Committee of the
US FDA implemented a ‘black box’ warning for tacrolimus ointment and
pimecrolimus cream due to the lack of long-term safety data and the potential risk
of the development of malignancies. This article focuses on the safety aspects of
these agents by discussing the findings from preclinical and clinical studies and
postmarketing reports with regard to malignancies occurring after the use of
tacrolimus ointment and pimecrolimus cream.

Atopic dermatitis, also described as atopic ecze- Wherever appropriate, references in book chapters
or on websites were added. All papers and bookma or just eczema, is defined clinically as an in-
chapters compiled until April 2007 were checked forflammatory, chronically relapsing, pruritic skin dis-
suitability for this article by all authors.ease with a typical age-related distribution of le-

sions.[1-6] The worldwide prevalence of atopic
1. Topical Treatment of Atopic Dermatitisdermatitis has increased during recent decades, es-

pecially in industrialized countries, with a current The management of atopic dermatitis is complex
prevalence in children of up to 20%.[7-13] The impact and compromises a variety of therapeutic and pre-
of atopic dermatitis on patients and their families is ventive measures. In the acute phase, anti-inflam-
comparable to other important noncommunicable matory management is mandatory.
diseases and may also cause substantial psychiatric

1.1 Topical Corticosteroidsco-morbidity.[13]

To prepare this article, we searched the MED- Topical corticosteroids have been the standard
LINE database for the terms ‘atopic eczema’, treatment for atopic dermatitis for half a century.[14]

‘atopic dermatitis’, ‘pimecrolimus cream’, ‘tacroli- However, they carry the risk of local adverse effects,
mus ointment’, ‘topical calcineurin inhibitor’, ‘can- such as skin atrophy, and other dermatological con-
cer’, ‘neoplasm’ and ‘lymphoma’ to identify pub- ditions, such as rosacea-like dermatitis.[15] Systemic
lished papers available in the English language. complications associated with the long-term use of
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mid- to high-potency topical corticosteroids include discontinuation.[24,25] In contrast to topical cortico-
growth retardation and abnormal adrenocortical steroids, topical calcineurin inhibitors do not seem
function.[16,17] In addition, a reduction in the respon- to be atrophogenic.[26-28]

siveness of lesions to the application of topical corti-
2. The US FDA Perspective on Topicalcosteroids (‘tachyphylaxis’) may develop,[18] mak-
Calcineurin Inhibitorsing other therapeutic approaches advisable.

In January 2005, the FDA raised concerns about
1.2 Topical Calcineurin Inhibitors the use of topical pimecrolimus and tacrolimus in

atopic dermatitis, suggesting that there might be aThe topical calcineurin inhibitors tacrolimus and
potential risk of development of malignancy inpimecrolimus are potent anti-inflammatory sub-
terms of lymphoma and skin cancer.[29] On 15 Feb-stances without the adverse effects associated with
ruary 2005, the Pediatric Advisory Committee of thecorticosteroids.
FDA recommended a ‘black box’ warning, which

Tacrolimus ointment was launched in December
represents the highest level of five possible warning

2000. The 0.03% and 0.1% concentrations (adults)
categories found in the package insert, for the topi-

and the 0.03% concentration (children aged 2–15
cal use of pimecrolimus and tacrolimus because of a

years) are indicated and labelled in the US as
lack of data on long-term safety and a potential risk

second-line therapy for the short-term and non-con-
of cancer (see figure 1).[30]

tinuous long-term treatment of moderate to severe
On 10 March 2005, the FDA issued a Publicatopic dermatitis in non-immunocompromised

Health Advisory informing healthcare professionalsadults and children who have not responded ade-
of their safety concerns associated with the use ofquately to other topical treatments or when those
these drugs.[31] As described by Fonacier and co-treatments are not advisable.[19]

workers,[30] the following concerns urged the FDA
In December 2001, pimecrolimus 1% cream re-

to implement the ‘black box’ warning:
ceived approval by the US FDA. The cream is

1. the increasing use of topical calcineurin inhibitorsindicated as second-line therapy for the short-term
as first-line therapy and off-label in atopic dermati-and non-continuous long-term treatment of mild to
tis;moderate atopic dermatitis in non-immuno-
2. heavy direct-to-consumer advertising of topicalcompromised adults and children 2 years of age or
calcineurin inhibitors to patients with atopic derma-older, who do not respond adequately to other topi-
titis and parents of children with atopic dermatitis,cal treatments, or when those treatments are not
which might be related to their increasing use;advisable.[20]

3. postmarketing reports of malignancy in childrenThe two drugs have similar chemical structures
and adults who had used topical calcineurin inhibi-and a nearly identical mechanism of action: they
tors;inhibit T helper cell (Th)1- and Th2-derived cyto-
4. a postmarketing nonhuman primate study with ankine production as well as inhibiting the release of
oral formulation of pimecrolimus, which demon-mediators from mast cells and basophils by binding

to FK506 binding protein-12. This complex selec-
tively inhibits calcineurin, which is required to acti-
vate the transcription factor of activated T cells
(FAT) in T lymphocytes.[21-23]

The most common treatment-related adverse ef-
fect of topical calcineurin inhibitors is a sensation of
burning at the application site, which is typically
mild to moderate in severity, decreases after the first
few days of treatment and rarely leads to treatment

WARNING 
Long-term Safety of Topical Calcineurin Inhibitors Has 
Not Been Established  
Although a causal relationship has not been established, 
rare cases of malignancy (e.g. skin and lymphoma) have 
been reported in patients treated with topical calcineurin 
inhibitors.....

Fig. 1. Topical calcineurin inhibitors: US FDA ‘black box’ warning.
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strated an occurrence of lymphoma in monkeys ex- The effect of UVB radiation on hairless mouse
posed to the lowest dose (equivalent to 30 times the skin treated with tacrolimus ointment 0.1% and
maximum recommended human dose [MRHD]); pimecrolimus cream 1% was investigated by Tran et
5. the uncertainty about the potential risk of carcino- al.[34,35] Mice were treated once daily, followed by
genicity from topical calcineurin inhibitors, which UVB radiation, over a 10-day period. Neither tacro-
will remain unknown for years, and concerns about limus nor pimecrolimus increased DNA damage
the adequate communication of this to the patient following UVB radiation. In contrast, mice treated
and prescriber to assist them in the proper use of with either of the topical calcineurin inhibitors and
these products; UVB radiation showed substantially less epidermal
6. the possible photo-cocarcinogenicity in rodent DNA damage than those treated with vehicle only
studies. and UVB radiation.

This paper will focus on the issues raised in Three 52-week studies assessing the photo-carci-
points 3–6. nogenic potential of topical tacrolimus and

pimecrolimus in hairless mice were conducted
3. Data on Malignancy with Topical based on the standard protocol recommended by the
Calcineurin Inhibitors FDA.

In the pimecrolimus study,[36] four groups of hair-
3.1 Human Keratinocyte Studies less albino mice were treated daily, 5 days per week,

on the back and sides of the body (an area of
Topical calcineurin inhibitors are thought to approximately 25 cm2) with pimecrolimus cream

avoid systemic immune suppression and, therefore, 1%, 0.6%, 0.2% or the vehicle cream. A further two
not have the same risk of skin cancer generation as groups of mice did not receive any topical applica-
ciclosporin. tion and acted as controls. All mice were exposed to

Yarosh et al.[32] examined the effect of the calci- simulated sunlight, including UVB, for 40 weeks.
neurin inhibitors ciclosporin and ascomycin on Five groups received doses of 600 Robertson-Ber-
DNA repair in normal human keratinocytes after ger units (RBU) per week, while one control group
ultraviolet (UV) B irradiation. received 1200 RBU per week. The mice were fol-

They found that the ciclosporin and ascomycin lowed-up for 12 weeks and the incidence of human
inhibited the removal of cyclobutane pyrimidine papilloma virus (HPV)-induced skin papillomas was
dimers, and that they also inhibited UVB-induced monitored. HPV-induced skin papillomas are com-
apoptosis.[32] Furthermore, UVB irradiation induced mon in ageing mice, and a minority of them can
nuclear localization of the transcription factor FAT, transform into squamous cell carcinoma (SCC). The
and this was blocked by ciclosporin as well as tendency is strain-specific. The median times to the
ascomycin.[32] Unfortunately, the ascomycin-related appearance of papillomas of >1 mm in diameter in
drugs pimecrolimus and tacrolimus were not in- each group are shown in table I.
volved directly in the studies conducted by Yarosh

As shown in table I, topical administration of theet al.,[32] limiting the applicability of these findings
vehicle formulation enhanced photo-carcinogenesis.to these topical calcineurin inhibitors.
Topical administration of the pimecrolimus formu-
lations at 0.2%, 0.6% and 1% concentrations had no3.2 Carcinogenicity and
influence on skin tumour development beyond thatPhoto-Cocarcinogenicity in Rodents
seen with the vehicle in males. In females,
pimecrolimus cream increased the papilloma-freeThe standard approach to test for photo-cocarci-
time interval, indicating that the active ingredientnogenicity of topical substances is the hairless
pimecrolimus is not photo-carcinogenic.[36]mouse model.[33]
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Table I. Pimecrolimus cream: median time to papilloma appearance in the photo-carcinogenicity study in hairless mice (reproduced from
Ring et al.,[36] with permission from Wiley-Blackwell Publishing Ltd) 

Treatment group UVR exposure (RBU/wk) Median time (wk)

males females

Control 1 600 38 35

Control 2 1200 21 20

Vehicle cream 600 25* 27*

0.2% cream 600 27 34†

0.6% cream 600 25 30††

1% cream 600 26 30††

RBU = Robertson-Berger units; UVR = ultraviolet radiation; * p < 0.001 vehicle vs control 1; † p < 0.001 compared with vehicle; †† p < 0.005
compared with vehicle.

In the 52-week tacrolimus study,[36] hairless mice exposure to UV radiation (40 weeks of treatment
followed by 12 weeks of observation). No additionalwere treated with 600 RBU per week UV radiation
effect on tumour development beyond the vehicleand tacrolimus ointment 0.03% and 0.1% or vehicle
effect was noted with the addition of the active agentointment. A further two groups of mice did not
(pimecrolimus) to the vehicle cream.[20]receive any topical application and acted as controls.

Four groups received 600 RBU per week, while one Interestingly, in this context, neither pime-
control group received 1200 RBU per week. At a crolimus nor tacrolimus induced phototoxicity or
UV radiation dose of 600 RBU per week, the med- photosensitization in human dermal safety stud-
ian time to onset of skin tumour formation was ies.[20,37]

decreased following long-term topical treatment In a 2-year rat dermal carcinogenicity study using
with vehicle compared with UV radiation alone. In pimecrolimus cream 1%, a statistically significant
females, an increase in the median time to onset of increase in the incidence of follicular cell adenoma
skin tumour formation was shown for the 0.03% and of the thyroid was found in male animals receiving
0.1% formulations compared with vehicle ointment low, mid and high doses compared with male ani-
controls. In males, a decrease in the median time to mals receiving vehicle and saline controls.[20] Follic-
onset of papilloma appearance (2 weeks for 0.03% ular cell adenoma of the thyroid was noted in this
tacrolimus ointment; 3.5 weeks for 0.1% tacrolimus study at the lowest dose of 2 mg/kg/day 0.2%
ointment was seen (table II). pimecrolimus cream, equivalent to 1.5 × the MRHD

based on area under the concentration-time curveIn a further 52-week study of dermal photo-
(AUC) comparisons.carcinogenicity in hairless mice, the median time to

onset of skin tumour formation was decreased fol- No increase in the incidence of follicular cell
lowing long-term topical administration of adenoma of the thyroid was noted in an oral carcino-
pimecolimus cream vehicle alone with concurrent genicity study in male rats up to 10 mg/kg/day (66 ×

Table II. Tacrolimus ointment: median time to papilloma appearance in the photo-carcinogenicity study in hairless mice (reproduced from
Ring et al.,[36] with permission from Wiley-Blackwell Publishing Ltd) 

Treatment group UVR exposure (RBU/wk) Median time (wk)

males females

Control 1 600 44.5 42

Control 2 1200 28 28.5

Vehicle ointment 600 33.5 36

0.03% ointment 600 31.5 44

0.1% ointment 600 30 42

RBU = Robertson-Berger units; UVR = ultraviolet radiation.
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MRHD based on AUC comparisons). There was no rats) and at a dose of 5 mg/kg/day (21 × MRHD
discernible effect on the development of cutaneous based on AUC comparisons; female rats).[20] There
tumours for dermally administered was no discernible effect on development of cutane-
pimecrolimus.[20] ous tumours for orally administered pimecrolimus.

Oral carcinogenicity studies with systemicallyIn a mouse epidermal carcinogenicity study[20]

administered tacrolimus have been carried out inusing pimecrolimus in an ethanolic solution, no
male and female rats and mice. In an 80-weekincrease in the incidence of neoplasia was observed
mouse study and a 104-week rat study, no relation-in the skin and other organs up to the highest dose of
ship between tumour incidence and tacrolimus dos-4 mg/kg/day (0.32% pimecrolimus in ethanol), cor-
age was found at daily doses up to 3 mg/kg (9 ×responding to 27 × MRHD based on AUC compari-
MRHD based on AUC comparisons) and 5 mg/kg (3sons. However, lymphoproliferative changes (in-
× MRHD based on AUC comparisons), respective-cluding lymphoma) were noted in a 13-week repeat
ly.[19] There was no discernible effect on the devel-dose dermal toxicity study[20] conducted in mice
opment of cutaneous tumours for orally adminis-using pimecrolimus in an ethanolic solution at a
tered tacrolimus.dose of 25 mg/kg/day corresponding to 47 ×

A 104-week epidermal carcinogenicity study wasMRHD, based on AUC comparisons. Interestingly,
performed in mice with tacrolimus ointmentno lymphoproliferative changes were noted in this
(0.03–3%), equivalent to tacrolimus doses ofstudy at a dose of 10 mg/kg/day corresponding to 17
1.1–118 mg/kg/day or 3.3–354 mg/m2/day.[19] In× MRHD based on AUC comparisons.
this study, the incidence of skin tumours was mini-With an increase in dosage (100 mg/kg/day;
mal and the topical application of tacrolimus was179–217 × MRHD based on AUC comparisons), the
not associated with skin tumour formation underlatency time to lymphoma formation was shortened
ambient room lighting. However, a statistically sig-to 8 weeks after dermal application of pimecrolimus
nificant elevation in the incidence of pleomorphicin an ethanolic solution.[20] There was no discernible
lymphoma in high-dose male (25/50) and femaleeffect on the development of cutaneous tumours for
(27/50) animals and in the incidence of undifferenti-dermally administered pimecrolimus.
ated lymphoma in high-dose female animals (13/50)

In a mouse oral (gavage) carcinogenicity study, a was noted. Lymphomas were detected in this study
statistically significant increase in the incidence of at a daily dose of 3.5 mg/kg (0.1% tacrolimus oint-
lymphoma was noted in male and female animals ment; 26 × MRHD based on AUC comparisons). No
receiving high doses of pimecrolimus compared drug-related tumours were seen at a daily dose of 1.1
with those receiving the vehicle control.[20]

mg/kg (0.03% tacrolimus ointment; 10 × MRHD
Lymphomas were noted at a dosage of 45 mg/kg/ based on AUC comparisons).[19]

day (258–340 × MRHD based on AUC compari-
sons), but not at a dosage of 15 mg/kg/day (60–133 3.2.1 Multistage Mouse Trials of Carcinogenesis
× MRHD based on AUC comparisons). There was In this model, animals are first treated with the
no discernible effect on the development of cutane- tumour initiating agent 7,12-dimethylbenz[a]an-
ous tumours for orally administered pimecrolimus. thracene (DMBA) at time 0 and after a 2-week

period, followed by biweekly treatment with a tu-In a rat oral (gavage) carcinogenicity study,[20] a
mour promoting agent, such as 12-O-tetradeca-statistically significant increase in the incidence of
noylphorbol-13-acetate (TPA). With this treatmentbenign thymoma was noted in male rats receiving 5
protocol, papillomas (benign lesions) are first visi-mg/kg/day pimecrolimus and male and female rats
ble at 6–8 weeks and carcinomas are initially de-receiving 10 mg/kg/day pimecrolimus compared
tected at approximately 30 weeks.[38]with animals treated with vehicle control. No drug-

related tumours were noted at a dose of 1 mg/kg/day In such a vehicle-controlled, DMBA-initiated
(1.1 × MRHD based on AUC comparisons; male and TPA-promoted model, Jiang et al.[39] found that
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twice weekly topical applications of 0.1–1.0 µmol/L 3.3 Porcine and Primate Trials
preparations of tacrolimus ointment in acetone to the

In a 52-week study of minipigs treated with up toskin of CD-1 mice 15 minutes before TPA treatment
3% tacrolimus ointment on 40% of body surfaceover a 22-week period markedly inhibited skin tu-
areas, no dermal carcinogenic effects were reported.

mour (papilloma) formation in a dose-related man-
The observed blood concentrations of tacrolimus

ner. Skin tumour formation was reduced by up to were similar to those in humans receiving treatment
80% in mice treated with DMBA + TPA + tacroli- with tacrolimus ointment of concentrations up to
mus compared with DMBA + TPA-treated mice. 3%.[37]

These results indicate that tacrolimus inhibits TPA- A 39-week oral monkey toxicology study was
induced tumour promotion. conducted with pimecrolimus at dosages of 15, 45

and 120 mg/kg/day. A dose-dependent increase inIn contrast to the above-mentioned results, Niwa
expression of immunosuppressive-related lympho-et al.[40] found that daily application of a 0.06 µmol/
proliferative disorder (IRLD) associated withL formulation of tacrolimus ointment to the skin of
lymphocryptovirus, a monkey strain of virus relatedCD-1 mice 2 hours after TPA treatment over a
to the human Epstein Barr virus (EBV), was observ-

20-week period led to a significant increase in the
ed.[20]

development of skin tumours between weeks 14 and
IRLD in monkeys mirrors that which has been

20 in some mice treated with DMBA + TPA + noted in human transplant recipients after chronic
tacrolimus compared with DMBA + TPA-treated systemic immunosuppressive therapy and post-
mice. This significant difference was due to an transplantation lymphoproliferative disease
increase in the number of papillomas developing in (PTLD). Both IRLD and PTLD can progress to
each mouse; neither the number of mice affected by lymphoma, which is dependent on the dose and
skin tumours nor the number of SCCs were signifi- duration of systemic immunosuppressive therapy.

IRLD occurred at the lowest dosage of 15 mg/kg/cantly different between the two groups. The per-
day for 39 weeks (31 × MRHD of pimecrolimuscentage of tumours classified as SCCs in the DMBA
cream 1% based on AUC comparisons). A partial+ TPA + tacrolimus group was substantially lower
recovery from IRLD was noted upon cessation ofthan in the DMBA + TPA group (5.2% vs
administration of pimecrolimus.[20]

13.3%).[40]

Further comparison of the exposure protocols by 3.4 Limitations of Animal Models
Jiang and co-workers[39] and Niwa et al.[40] reveals

In general, it has to be stated that oral studies withthat the first scheme with twice-weekly application
pimecrolimus and tacrolimus do not reflect continu-of tacrolimus 15 minutes before application of TPA
ous exposure or have the same metabolic profile asis designed to result in peak local tacrolimus levels
topical dermal application.[36]

at the moment of exposure to the tumour promoter
Although basic cell biology and the pathogenesisTPA.[39] The inhibition of tumour formation, as ob-

of cancer have similarities between species, animalserved by Jiang and co-workers,[39] suggests an in-
models do not allow a definitive assessment of thehibitory effect of tacrolimus on TPA-mediated neo-
carcinogenic potency of substances in humans.

plasia.
There may be substantial differences in pharmaco-

Conversely, the increased tumour formation ob- kinetic response as a result of differences between
served by Niwa et al.,[40] which is associated with species.[42]

lower local pimecrolimus drug levels at the moment The skin of humans and mice differs considera-
of TPA exposure, might be induced by systemic bly in physiological properties, with mice having
immunosuppression.[41] more permeable skin than humans.[43] Furthermore,
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improvement in skin barrier function and the reduc- accommodation. If this was the case, the housing of
tion of UV absorption resulting from the use of the animals in groups may have been a confounding
topical calcineurin inhibitors in patients with atopic factor, as there may have been scratching between
dermatitis is not mimicked in the mouse model.[42] the animals and mechanical irritation of the skin is

tumourigenic in mice.[50]
In addition, prolonged UV exposure eventually

In this 20-week study,[40] the majority of inducedcauses tumours in all exposed animals, whereas in
tumours were classified as papillomas. Except forhumans, even Caucasian populations, the rate of
HPV-induced tumours, such papillomas are uncom-sunlight-induced skin cancer is rarely more than a
mon in humans, and benign. No tacrolimus ointmentfew percent.[33] Substances shown to be carcinogen-
vehicle control group was assessed, so the activeic in mice, for example retinoic acid, have not been
ingredient is unclear. If tacrolimus ointment actuallyshown to be carcinogenic in humans.[44,45] Surpris-
did have tumour-inducing activity, as suggested byingly, there are examples of clinically used vehicles
the authors, one would expect tumourigenic activity(cream or ointment bases) or drugs in the FDA
in longer-term trials. However, the 2-year mousedatabase that do not absorb UVA, UVB or visible
trial failed to show such an effect.[40]radiation, and yet are capable of enhancing UV-

induced carcinogenesis in the mouse model.[46]

3.5 Further In Vitro and In Vivo Studies ofIn cancer-drug development, numerous agents
Topical Calcineurin Inhibitorshave shown efficacy in rodent models but have had

minimal activity in patients, which has led to reason-
In considering the potential direct carcinogenic

able scepticism about the true value of rodent-tu-
effects of topical calcineurin inhibitors on keratino-

mour models in accurately identifying agents that
cytes, it is possible that they may act as initiators

will have important clinical utility.[47]

(e.g. mutagens) and/or promoters (e.g. stimulators
The biological significance of macroscopically of proliferation) of neoplasia.[51]

detectable papillomas that are used as endpoints in A battery of in vitro genotoxicity tests, including
mouse models is unclear if the nature of these papil- the Ames assay, mouse lymphoma L5178Y assay
lomas is not clearly defined. Most tumours depend and chromosome aberration test in V79 Chinese
on the continuous exposure to tumour-promoting hamster cells and an in vivo mouse micronucleus
chemicals and are reversible after the end of expo- test revealed no evidence for a mutagenic or clas-
sure. Some persist without further progression and togenic potential of pimecrolimus.[20,52] The mouse
only a few develop into malignant tumours. The micronucleus assay found that orally administered
simple counting of tumours without further discrim- pimecrolimus was not associated with any clas-
ination of reversibility or persistence may not reflect togenic potential at doses up to more than 500 times
their biological differences.[42]

the human therapeutic dose.[20] For tacrolimus, bac-
The interference of the irritant effects of carcino- terial (Salmonella sp. and Escherichia coli) or mam-

genic chemicals may also confound results, as malian (Chinese hamster lung-derived cells) in vitro
wounding enhances the carcinogenic process in assays of mutagenicity, the in vitro Chinese hamster
mouse skin.[42,48] In addition, tumour promotion in ovary cell/hypoxanthine-guanine phosphoribosyl-
mouse skin only occurs under specific experimental transferase (CHO/HGPRT) assay of mutagenicity or
conditions and predominantly in highly sensitive in vivo clastogenicity assays conducted in mice
strains, which may produce test results with uncer- failed to show any evidence of genotoxicity.[19] Fur-
tain relevance to human skin.[42,49] thermore, unscheduled DNA synthesis in rodent

hepatocytes was not observed.[19]In the study by Niwa et al.,[40] on the acceleration
of carcinogenesis in mouse skin after topical appli- No assay showed any direct mutagenic or chro-
cation of tacrolimus, it is stated that the mice were mosomal-damaging effects attributable to the topi-
housed in an air-conditioned room, indicating group cal calcineurin inhibitors. Therefore, any carcino-
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3.6.2 Basal Cell Carcinoma and Squamousgenic effects attributable to them are much more
Cell Carcinomalikely to be the result of indirect activities, e.g.
To elucidate nonmelanoma skin cancer (NMSC)suppression of the host immune system and/or

induction, Naylor and coworkers [63] analysed datapotentiation of the damaging effects of UV radia-
collected from 9813 adult and paediatric patients

tion.[51]
with atopic dermatitis who applied 0.03% or 0.1%

In contrast to topical corticosteroids, topical tacrolimus ointment twice daily (mean duration 208
calcineurin inhibitors do not affect the maturation of days; maximum observation period 1479 days) and
dendritic cells and their antigen-presenting and T- were examined every 3 months. Ten White adult
cell stimulating abilities,[53,54] except when they are patients were diagnosed with basal cell carcinoma

(BCC), three with SCC (12 of whom were >40 yearsexposed for extended periods of time to doses of
of age). Based on 1718 patient-years of tacrolimustacrolimus higher than those used in clinical
ointment exposure in patients ≥40 years of age, thetrials.[55]

calculated incidence of BCC or SCC did not suggestIn human dermal safety studies, neither
an increased risk of first BCC or SCC over that of a

pimecrolimus nor tacrolimus induced phototoxicity
similarly aged US cohort.[63]

or photosensitization.[20,37] After topical application
Margolis and coworkers[64] examined whether

of calcineurin inhibitors, serum concentrations are topical calcineurin inhibitor exposure was asso-
usually low or undetectable and repeated applica- ciated with an increased risk of NMSC. They used a
tions do not result in systemic accumulation.[56-60]

questionnaire-based case-control study involving
High blood concentrations have only been reported 5000 participants with atopic dermatitis (1000 with
in a few patients with compromised epidermal barri- documented NMSC; 4000 controls). They found
ers[61] in whom topical calcineurin inhibitors are not that the use of topical calcineurin inhibitors is not
indicated. associated with an increased risk of NMSC (odds

ratio [OR] adjusted for age, gender, previous
NMSC, history of atopic dermatitis: 0.54; 95% CI3.6 Clinical Data in Humans
0.41, 0.69).

Ring et al.[65] were unable to document any kind
3.6.1 Ultraviolet Light-Induced Pyridimine Dimers of new neoplasia in a naturalistic multicentre, open-

label study conducted in 2034 patients aged ≥3Doelker and co-workers[62] examined the pres-
months with mild to moderate atopic dermatitisence of UV light-induced dipyridimine dimers,
receiving topical pimecrolimus twice daily untilwhich are believed to be an early step in skin carci-
clearance of symptoms, for a treatment duration ofnogenesis, in the epidermis of individuals with
up to 3 months.atopic dermatitis and healthy volunteers treated with

topical pimecrolimus, the corticosteroid triamci-
3.6.3 Lymphomanolone acetonide or vehicle only, and in untreated
Hodgkin’s disease, B-cell non-Hodgkin’s lym-controls.

phoma and T-cell non-Hodgkin’s lymphoma (e.g.
One hour after irradiation, pimecrolimus-treated mycosis fungoides and Sézary syndrome) are part of

epidermis showed less DNA damage than untreated the lymphoma group. In the US, the incidence of
epidermis, but there were no statistically significant lymphoma ranges from around one case per 100 000
differences between pimecrolimus, triamcinolone persons aged 0–19 years to 54 cases per 100 000 in
acetonide and vehicle. Furthermore, there were no patients over 50 years of age. The systemic use of
significant differences in dipyridimine dimer levels immunosuppressive agents increases the risk of
between different treatments 24 hours after irradia- lymphoma, especially after transplantation.[66] The
tion.[62] observed immunosuppression-related lymphomas
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are generally B-cell non-Hodgkin’s lymphomas and topical corticosteroids 1.2 (0.8, 1.8), ‘low potency’
develop within the first 2 years after transplanta- topical corticosteroids 1.1 (0.7, 1.6), pimecrolimus
tion.[67] 0.8 (0.4, 1.6), tacrolimus 0.8 (0.4, 1.7) and concomi-

tant topical calcineurin inhibitors and topical corti-Any association, irrespective of treatment, be-
costeroids 1.0 (0.3, 4.1).[74]tween atopic dermatitis and lymphoma is unclear.

Lymphomas occurring in the setting of immuno-Some authors have found an increased risk of
modulatory or immunosuppressive therapy are char-haematological malignancies in patients with der-
acterized by often unusual location (e.g. soft tissue,matitis.[68,69]

joint spaces and lungs), polymorphous and pleomor-In contrast, at least two studies have detected that
phic large cells or Hodgkin’s-like morphology, thedermatitis decreases the risk of non-Hodgkin’s lym-
presence of EBV genome in lymphoma cells, post-phoma.[70,71] Söderberg and co-workers[72] reported
immunomodulatory therapy development of B-cellan association between dermatitis during childhood
lymphomas and regressing lymphomas after with-and non-Hodgkin’s lymphoma in adulthood yield-
drawal of immunomodulatory therapy in a signif-ing a relative risk of 2.3 (95% CI 1.0, 5.3). Zhang et
icant percentage of cases.[30]

al.[73] detected an increased OR of T-cell non-Hodg-
The clinical symptoms and histological analyseskin’s lymphoma among women with dermatitis (OR

of lymphomas associated with the use of topical2.5; 95% CI 1.1, 5.7).
calcineurin inhibitors differ from those usually asso-As mentioned earlier, long-term continuous
ciated with PTLD or with lymphoma occurring in anapplication of tacrolimus ointment and pime-
immunocompromised person (e.g. EBV-positive B-crolimus cream in an experimental ethanol solution
cell lymphoma).[30,51]

to the skin of mice was associated with the develop-
Atopic dermatitis and cutaneous T-cell lympho-ment of lymphoma (26- and 47-fold, respectively,

mas share several similar clinical symptoms, whichhigher exposures as measured by the AUC, than the
provide some challenges in establishing the appro-maximum individual exposure ever measured in
priate diagnosis at beginning of treatment. It ishumans after topical treatment).[74]

therefore possible that initial cases of inflammatory
Nevertheless, the skin of mice is more permeable skin alterations for which topical calcineurin inhibi-

than human skin, resulting in systemic effects after tors have been prescribed were cutaneous T-cell
application of topical calcineurin inhibitors, where- lymphomas. Topical calcineurin inhibitors should
as systemic effects in humans after topical applica- be avoided in this setting and not be used for more
tion of calcineurin inhibitors are minimal, as pre- than 6 weeks if the patient fails to respond.[31]

viously outlined.[58,59]

Postmarketing surveillance of topical calcineurin 4. Off-Label Use of Tacrolimus
inhibitors has identified occasional cases of lympho- and Pimecrolimus
ma in users of topical calcineurin inhibitors alone or
in combination with topical corticosteroids.[75]

4.1 Cutaneous Disorders
A nested case-control study by Arellano and co-

workers[74] investigated the association between the Topical calcineurin inhibitors are in use off-label
use of topical calcineurin inhibitors, topical cortico- for numerous cutaneous disorders, including sebor-
steroids, systemic corticoids and severity of atopic rheic dermatitis, dyshidrotic hand dermatitis, cheiro-
dermatitis, with the emergence of lymphoma in pa- pompholyx, allergic contact dermatitis, toxic con-
tients with atopic dermatitis. They found 249 cases tact dermatitis, perianal dermatitis, psoriasis, acne,
of lymphoma in 293 253 patients, with 81 of these rosacea, lupus erythematosus, balanitis, vulvitis,
<20 years of age. The adjusted analysis yielded the lichen planus, lichen sclerosus et atrophicus, vitili-
following ORs (and 95% CIs): severity 2.4 (1.5, go, Netherton syndrome, chronic graft-versus-host
3.8), systemic steroids 1.5 (1.0, 2.4), ‘super potency’ disease, lichen striatus, chronic actinic dermatitis,
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postscabious dermatitis, lichen aureus, annular gran- Becker and co-workers[100] described the case of
a female (aged >55 years) with oral and genitaluloma and cutaneous plasmocytoma.[76-97] Most of
lichen planus. The patient received systemic dap-these reports are in the form of observational stud-
sone therapy with vitamin E and topical mometa-ies, characterized by a small number of participants
sone cream twice daily. After 1 year, dapsone ther-and an absence of a prospective, randomized dou-
apy was discontinued and systemic acitretin (0.5ble-blind study design.
mg/kg bodyweight/day) was initiated. The use of
acitretin was abandoned 6 weeks later because of the

4.2 Reports of Carcinogenesis
elevation of serum lipids. Next, systemic dexameth-
asone 100 mg/day for 3 consecutive days every 4

A few case reports mention the detection of neo- weeks (three cycles) showed no improvement. Af-
plasms after the use of topical calcineurin inhibitors terwards, tacrolimus 0.1% ointment twice daily re-
in an off-label setting. Fischer and Bradford[98] re- sulted in pain relief after a few weeks of application.
ported a paraclitorial SCC in a 72-year-old woman After about 36 months of more or less permanent
who had a 30-year history of psoriasis involving the topical use of tacrolimus, a SCC located at the
groin area and a 2-year history of hypertrophic vul- tongue was confirmed by biopsy.
var lichen sclerosus. The vulvar lichen sclerosus Interestingly, the authors reported a reduction in
was treated for several months with topical cortico- Bax (a proapoptotic member of the Bcl-2 family)
steroids. After 3 weeks of treatment with pime- expression as a marker for p53 activation in epi-
crolimus 1% cream, a SCC was verified by his- thelial cells of the mucosa and in carcinoma cells
topathological examination. As the authors mention, treated with topical tacrolimus, suggesting an influ-
except for pimecrolimus application, several other ence on proteins (such as p53), which are involved
risk factors for SCC formation have to be taken into in cancer-signalling pathways.[100] As the authors
consideration: long standing, poorly controlled state, the large number of different agents in use in
lichen sclerosus, which has the potential to trans- this case report make it somewhat difficult to specu-
form into SCC spontaneously, association of hyper- late on the carcinogenic potential of each single
trophic lesions, chronic inflammation as a result of agent.
an accompanying fixed drug eruption and advanced
age. Unfortunately, the authors do not mention the 5. Discussion
treatment(s) that had been used for the psoriasis of
the groin area in the previous 3 decades (which may Topical calcineurin inhibitors have been in clin-
have included, for example, topical psoralenes and ical use for less than a decade; therefore, under-
UVA light, or systemic corticosteroids), which standing of their long-term potential for the induc-
might be relevant to the observed SCC. tion of neoplasia is limited. Nevertheless, given the

enormous level of exposure of patients of all ageLangeland and Engh[99] describe a 57-year-old
groups with atopic dermatitis to tacrolimus andman with balanoposthitis of more than 2 years’
pimecrolimus, the potential risk of malignancyduration. After 2 weeks of topical treatment with
seems to be low. To rule out any potential risk forclobetasol cream 0.05% and 2.5 months of treatment
patients with atopic dermatitis in the future, investi-with tacrolimus ointment 0.1%, a SCC of the glans
gation through longer-term trials is required,[31] andwas confirmed. The authors do not provide any
phase IV postmarketing surveillance studies with ainformation on the lesional therapy of the balano-
large sample size and an extended follow-up ofposthitis before the first consultation in their office
patients with atopic dermatitis using topical calci-and do not mention any systemic therapies with
neurin inhibitors must be conducted.immunosuppressants (e.g. corticosteroids) in earlier

life. Furthermore, they do not discuss the contribu- Novartis, the marketing authorisation holder
tion of genital inflammation on SCC emergence. (MAH) of pimecrolimus, has launched a long-term
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prospective observational study in children (Pediat- 3. be avoided in immunocompromised patients (e.g.
ric Elective Registry) and a retrospective case-con- post-organ transplantation);
trol study on skin cancer of 5000 patients with atopic 4. be avoided in patients with neoplasia (e.g. lym-
dermatitis selected from the University of Penn- phoma);
sylvania NMSC Registry.[29] 5. be avoided in patients with skin disorders where

there is an increased risk of systemic absorptionAstellas, the MAH of tacrolimus has initiated, as
(e.g. Netherton syndrome);part of its phase IV commitment, a multinational,
6. be accompanied by encouraging patients to applyobservational cohort study of 8000 patients with
broad-spectrum sun block daily to all sunlight-ex-atopic dermatitis, with direct contact with the patient
posed skin.every 6 months, an annual physical examination and

a biannual dermatological examination. Study end- Since the FDA added a ‘black box’ warning
points include systemic malignancies (Hodgkin’s based mainly on preclinical data, but did not change
disease or non-Hodgkin’s lymphoma) and skin can- the indications for use, physicians, parents of chil-
cer.[29] As reported in February 2007, there have dren with atopic dermatitis and adult patients with
been no reports of malignancies to date in 1000 atopic dermatitis have to be informed of the benefits
patients enrolled (average age of enrollment 7.5 and risks associated with topical calcineurin inhibi-
years; average duration of atopic dermatitis 5.5 tors in an ongoing process.[31] While no further data
years; mean cummulative tacrolimus ointment ad- are available on safety issues, tolerability and effi-
ministration 2.5 years per patient [range 0.00–10.25 cacy in individual patients will remain the most
years]).[101] important aspect of the choice of treatment.[51]

At present, topical calcineurin inhibitors areFurthermore, long-term controlled studies in pa-
without doubt valuable parts of the therapeutic ar-tients <2 years of age, patients with non-atopic
mamentarium in the management of atopic dermati-dermatitis inflammatory disorders of the skin, as
tis.well as comparative studies with different potencies

of corticosteroids in patients with atopic dermatitis
Acknowledgementsare needed.[31]

In this context, Paul and co-workers[59] reviewed No sources of funding were used to assist in the prepara-
tion of this article.the safety and tolerability of 1% pimecrolimus

Professor Ring has received honoraria for lectures andcream in 1133 patients 3–23 months of age with
advisory board meetings from Novartis, Fujisawa and Astel-mild to severe atopic dermatitis treated for up to 2 las and has been principal investigator in clinical studies of

years. The study population was drawn from four tacrolimus and pimecrolimus sponsored by Fujisawa and
pharmacokinetic studies and six clinical trials con- Novartis, respectively. Dr Möhrenschlager has been an inves-

tigator in clinical studies of tacrolimus sponsored byducted among these patients. The authors reported
Fujisawa. Dr Henkel is Assistant Professor at the Departmentneither signs of immunosuppression (with the risk of
of Psychiatry of the Ludwig-Maximilians-University, Mu-immunosuppression-related lymphoma occurrence) nich, Germany, and is working for the Swiss Agency for

nor cases of skin malignancies. Therapeutic Products ‘Swissmedic’. Dr Henkel has no con-
flicts of interest that are directly relevant to the content of thisAt present, available data support the use of
article and has not been involved in any preclinical or clinicaltopical calcineurin inhibitors for atopic dermatitis,
reviews of studies on tacrolimus and pimecrolimus conductedas outlined in the manufacturer’s prescribing infor- by Swissmedic. The options and assertions contained in this

mation. Until long-term study data are available, it paper are the private views of Dr Henkel and are not to be
seems prudent that topical calcineurin inhibitors construed as official or reflecting those of Swissmedic.
should:

1. not be used in children <2 years of age; References
1. Aoki T, Fukuzumi T, Adachi J, et al. Re-evaluation of skin2. not be used continuously for >6 weeks, with an lesion distribution in atopic dermatitis: analysis of cases 0 to 9

application-free period of up to 2 weeks; years of age. Acta Derm Venereol 1992; 176 Suppl.: 19-23

© 2008 Adis Data Information BV. All rights reserved. Drug Safety 2008; 31 (3)



196 Ring et al.

2. Flohr C, Johansson SGO, Wahlgren CF, et al. How atopic is with tacrolimus ointment 0.03% in the treatment of pediatric
atopic dermatitis? Allergy Clin Immunol 2004; 114: 150-8 patients with moderate atopic dermatitis. J Am Acad Dermatol

2004; 49: 515-253. Williams HC. Atopic dermatitis: the epidemiology, causes, and
prevention of atopic eczema. Cambridge: University Press, 26. Queille-Roussel C, Paul C, Duteil L, et al. The new topical
2000 ascomycin derivative SDZ ASM 981 does not induce skin

atrophy when applied to normal skin for 4 weeks: a random-4. Hanifin JM, Rajka G. Diagnostic features of atopic dermatitis.
ized, double-blind controlled study. Br J Dermatol 2001; 144:Acta Derm Venereol 1980; 114: 146-8
507-135. Williams HC, Burney PGJ, Pembroke AC, et al. Validation of

27. Kyllonen H, Remitz A, Mandelin JM, et al. Effects of 1-yearthe UK diagnostic criteria for atopic dermatitis in a population
intermittent treatment with topical tacrolimus monotherapy onsetting. Br J Dermatol 1996; 135: 12-7
skin collagen synthesis in patients with atopic dermatitis. Br J6. Ring J. Allergy in practice. Berlin: Springer, 2005
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34. Tran C, Lübbe J, Sorg O, et al. Topical tacrolimus decreasesPhysician 1981; 23: 171-4
UVB-induced DNA damage in mouse skin [abstract]. J Invest16. Bode HH. Dwarfism following long-term topical corticosteroid
Dermatol 2003; 121: 1072therapy. JAMA 1980; 244: 813-4
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97. Häfner C, Hohenleutner U, Babilas P, et al. Targeting T cells topimecrolimus 1% cream for treatment of facial acne vulgaris. J
Am Acad Dermatol 2005; 52: 738-9 hit B cells: successful treatment of cutaneous plasmocytosis

87. Kreuter A, Gambichler T, Breuckmann F, et al. Pimecrolimus with topical pimecrolimus. Dermatology 2006; 213: 163-5
1% cream for cutaneous lupus erythematosus. J Am Acad

98. Fischer G, Bradford J. Topical immunosuppressants, genitalDermatol 2004; 51: 888-9
lichen sclerosus and risk of squamous cell carcinoma. J Reprod88. Chu C-Y. The use of 1% pimecrolimus cream for the treatment

of steroid-induced rosacea. Br J Dermatol 2005; 152: 396-9 Med 2007; 52: 329-31

89. Almeida Jr HL, Oliveira Filho UL. Topical pimecrolimus is an 99. Langeland T, Engh V. Topical use of tacrolimus and squamous
effective treatment for balanitis circinata erosive. Int J Derma-

cell carcinoma on the penis. Br J Dermatol 2005; 152: 176-98tol 2005; 44: 888-98
100. Becker J, Houben R, Vetter CS, et al. The carcinogenic potential90. Goldstein AT, Merinoff SC, Christopher K. Pimecrolimus for

the treatment of vulvar lichen sclerosus: a report of 4 cases. J of tacrolimus ointment beyond immunosuppression: a hypo-
Reprod Med 2004; 49: 778-80 thesis creating case report. BMC Cancer 2006; 6: 7

91. Coskun B, Saral Y, Turgut D. Topical 0.05% clobetasol pro- 101. Paller A, Brinkmann W, Rico J. Apples: a prospective pediatric
pionate versus 1% pimecrolimus ointment in vitiligo. Eur J

longitudinal evaluation to assess the long-term safety of tacro-Dermatol 2005; 15: 88-91
limus ointment for the treatment of atopic dermatitis [abstract].92. Oji V, Beljan G, Beier K, et al. Topical pimecrolimus: a novel

therapeutic option for Netherton syndrome. Br J Dermatol J Am Acad Dermatol 2007; 56 Suppl. 2: AB3
2005; 153: 1067-8

93. Ziemer M, Gruhn M, Thiele JJ, et al. Treatment of extensive
chronic graft-versus-host disease in an infant with topical Correspondence: Dr Matthias Möhrenschlager, Department
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