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Tacrolimus ointment is a topical calcineurin inhibitor (TCI) that was developed
specifically for the treatment of atopic dermatitis (AD). It is one of the most
extensively tested dermatological products, with more than 19 000 patients
(including approximately 7600 children) having participated in the tacrolimus
ointment clinical development programme. Recent regulatory reviews have
focused on the potential risk of malignancy with TCIs, based on their mode of
action and the effects of systemic tacrolimus when given to transplant recipients.
Studies have shown, however, that the systemic absorption of tacrolimus when
applied topically is very low, with blood concentrations being below the level of
quantification in most patients. Moreover, TCIs are not associated with a decrease
in immunocompetence in the skin and there is no increase in the incidence of
infections with long-term treatment. More than 5+4 million prescriptions for
tacrolimus ointment have been issued worldwide, with no evidence of an
increased risk of malignancy in adults or children compared with the general
population. Similarly, epidemiological studies have failed to demonstrate an
increased incidence of skin cancer in patients using TCIs. The most common
adverse events (AEs) that occur with tacrolimus ointment treatment are transient
application-site reactions, such as burning or pruritus. These complications are
related to disease severity, and decrease in frequency over time as AD improves.
The incidence of nonapplication-site AEs does not increase with long-term treat-
ment, and most such events occurring in clinical trials were considered to be
unrelated to therapy. Although it is important that clinicians are aware of the
recent changes in product labelling, extensive clinical trials continue to show that
tacrolimus ointment is well tolerated, and is generally an effective therapy for
suitable patients with AD.

Tacrolimus ointment (Protopic® 0:03% and 0-1% ointment;
Astellas Pharma GmbH, Munich, Germany) is a topical calci-
neurin inhibitor (TCI) and was the first of this novel class of
topical preparations to be developed specifically for the treat-
ment of atopic dermatitis (AD). Consequently, it is the
primary focus of this review. Compared with topical corticos-
teroids, which have been the mainstay of AD therapy for the
past 50 years, the TCIs have a more selective mode of action.
Whereas corticosteroids exert a wide variety of cellular effects
because they alter the transcription of numerous genes in a
number of different cell types,' TCIs specifically target key
immunological mechanisms that underlie the pathogenesis of
AD, and act primarily on T cells in lesional skin.”

Tacrolimus, a macrolide lactone, was originally isolated
in Japan in the mid-1980s and is a natural product of the
fungus-like bacterium Streptomyces tsukubaensis.”> The immuno-
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suppressant properties of tacrolimus were identified in 1987°
and an oral preparation (Prograf®; Astellas Pharma Ltd,
Staines, U.K.) was first approved in Japan in 1993 for liver
transplantation (primary and rejection). Tacrolimus was first
incorporated into an ointment for topical use in the 1990s,
and was first approved for the treatment of AD in Japan in
1999, with approvals following for the U.S.A. in 2000 and
for the European Union in 2002.

Tacrolimus acts primarily on T cells in affected skin, pre-
venting T-cell activation and suppressing the release of pro-
inflammatory cytokines.* It blocks T-cell activation by binding
to the cytosolic FK-506 binding protein-12 to form a complex
that inhibits the activity of the enzyme calcineurin.* In add-
ition, tacrolimus specifically affects other immune cells that
are involved in the pathogenesis of AD, blocking cytokine pro-
duction and release in mast cells, eosinophils and basophils,
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inhibiting T-cell activation by antigen-presenting dendritic
cells, and reducing the number of inflammatory dendritic epi-
> When applied to the skin,
tacrolimus ointment temporarily modulates aberrant local

dermal cells in AD lesions.

immune responses to relieve the signs and symptoms of AD.

As the first real alternative to topical corticosteroids in the
treatment of AD, the introduction of the TCIs represented an
important therapeutic advance. The clinical development pro-
gramme for tacrolimus ointment is one of the most extensive
that has ever been conducted in dermatology, with more than
19 000 patients (including approximately 7600 children) hav-
ing participated in the tacrolimus ointment clinical develop-
ment programme.’ In total, 16 phase III studies have been
conducted in North America, Europe and Japan,'®* with
four phase IV studies comparing tacrolimus ointment with the
other commercially available TCI, pimecrolimus 1% cream
(Ehdel®; Novartis Pharma AG, Basel, Switzerland; Table 1).24‘25
Overall, the tacrolimus ointment clinical trial programme has
demonstrated that both strengths are effective and well toler-
ated for the treatment of mild to severe AD in adults and chil-
dren, including those with extensive disease.

Because systemic immunosuppression is associated with an
increased risk of nonmelanoma skin cancer (NMSC), there is a
theoretical possibility that topical drugs such as tacrolimus
ointment and pimecrolimus cream may increase the risk of

skin cancer. Although there is no evidence of a causal link

Table 1 Summary of clinical trials with tacrolimus ointment

Study type Study details

Vehicle-controlled 6-week paediatric® trial (n = 317)*'
6-week adult® trial (n = 300)°°

Two 12-week adult trials (n = 632)'%"!
12-week paediatric® trial (n = 351)'”
1-week adult trial (n = 151)**
3-week adult trial (n = 181)**
3-week adult trial (n = 570)"°
3-week paediatric® trial (n = 560)'°
3-week paediatric® trial (n = 624)"7
6-month adult trial (n = 972)"®
6-week paediatric® trial (n = 225)**

Comparison vs.
corticosteroid”

Comparison vs.

pimecrolimus 6-week paediatric® trial (n = 425)**
cream 6-week adult trial (n = 413)**
6-week paediatric® trial (n = 141)°
Long-term, 12-month adult tial (n = 316)"?
open-label, 12-month paediatric* trial (n = 255)'*
noncomparative 24-month adult trial (n = 568)°

Up to 29-5-month paediatric” trial
(n = 466)

Up to 2-year adult and paediatric®
wial (n = 7923)"°

Up to 4-year adult and paediatric®
trial (n = 799)*°

*Children aged 2-15 years. bHydrocortisone acetate, hydrocorti-
sone butyrate, betamethasone valerate or alclometasone dipropi-
onate ointments. “Children aged 2—17 years. Astellas Pharma,
data on file.

between TCIs and skin cancer, these agents have recently been
reviewed by regulatory agencies in the U.S.A. and the Euro-
pean Union, and changes have been made to the product
labelling. This article reviews these regulatory changes and
also summarizes the safety and tolerability profile for tacroli-

mus ointment.

Tacrolimus ointment: recent regulatory reviews

Reviews of the TCI class of drugs were initiated early in 2005
by the Pediatric Advisory Committee of the U.S. Food and
Drug Administration (FDA) and the Committee for Medicinal
Products for Human Use/European Medicines Agency
(CHMP/EMEA) in Europe. The reviews were commissioned as
a result of rare reports of cancer in patients treated with
TCIs,® the theoretical risk of malignancy based on the mecha-
nism of action of TCIs, data from animal studies with sus-

tained high exposure”®

and data from transplant recipients
treated with systemic calcineurin inhibitors.””

In the U.S.A., several changes were made to the prescribing
information (PI) for the TCIs as a result of the FDA review.
These included changes to the ‘Indications and Usage’ section,
the addition of a “Warnings’ section — with a boxed warning —
and the addition of a ‘Medication Guide’ to be dispensed to
patients with each prescription, as well as general updates to
include recent pharmacokinetic and adverse event (AE) data.
As a result of these changes, tacrolimus ointment is indicated
as second-line therapy for the short-term and noncontinuous
chronic treatment of moderate to severe AD in nonimmuno-
compromised adults and children who have failed to respond
adequately to other topical prescription treatments for AD, or
when those treatments are not advisable. The boxed warning
notes that long-term safety of TCIs has not been demonstrated
and that, although a causal relationship has not been estab-
lished, rare cases of malignancy (e.g. skin and lymphoma)
have been reported in patients treated with TCIs, including
tacrolimus ointment.’® As a result, the revised PI states that
‘continuous long-term use of TCIs, including Protopic Oint-
ment, in any age group should be avoided, and application
limited to areas of involvement with atopic dermatitis’. In
addition, the PI states that tacrolimus ointment is not indicated
for use in children who are younger than 2 years of age or in
immunocompromised individuals, and that only the 0-:03%
formulation of tacrolimus ointment is indicated for use in
children of 2—15 years of age.

The safety review that was conducted by the CHMP/EMEA
concluded that the risk—benefit profile of tacrolimus ointment
is still favourable, although some amendments to the summary
of product characteristics (SmPC), which are broadly similar to
those changes made to the U.S. PI, have been made. The
indication for tacrolimus ointment was clarified to note that
tacrolimus ointment should be prescribed for the treatment of
moderate or severe AD in patients who are not adequately
responsive to or are intolerant of conventional therapies, such
as topical corticosteroids. As in the U.S.A., tacrolimus ointment

is not recommended for use in children aged under 2 years or
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in immunocompromised individuals. In addition, treatment
with tacrolimus ointment should be initiated only by physi-
cians who have experience in the diagnosis and treatment of
AD. The SmPC also states that treatment should be intermittent
and not continuous, and application should be limited to
the areas of involvement with AD. The SmPC notes that cases
of malignancies, including cutaneous and other types of
lymphoma, and skin cancers have been reported in patients
receiving tacrolimus ointment, and that TCIs should not be
used on potentially malignant or premalignant skin lesions.
The SmPC also adds that the presentation of cutaneous T-cell
lymphoma can sometimes be misdiagnosed as AD.

Topical calcineurin inhibitors and theoretical
cancer risk

Systemic tacrolimus exposure with use of tacrolimus
ointment

In studies to date, all the data show that there is a low risk
of systemic exposure to tacrolimus, with consistently low or
no systemic absorption, after topical application.''™3"!%:2737
In vitro studies that were conducted to evaluate the rate and
extent of percutaneous tacrolimus absorption through isolated
human skin preparations showed that there was little or no
absorption of tacrolimus after a single application of tacroli-
mus 0:03% or 0'1% ointment, or of a noncommercial 0:3%
formulation.*® Overall, pharmacokinetic studies have shown
that systemic exposure to tacrolimus 0:3%, 0-1% or 0-:03%
ointment is low, with blood concentrations being below the
level of quantification (0-5 ng mL™') in the majority of

patients 29,30,33,34

For example, an open-label pharmacokinetic
study was carried out in 39 patients aged 5-75 years with
moderate to severe AD.*’ Tacrolimus 0-3% ointment was
applied to areas of 50-5000 cm” on the face or trunk/limbs,
and patients received 14 applications over 8 days. Systemic
exposure to tacrolimus was very low and the mean maximum
blood concentrations were 0-1-1-9 ng mL™" in children (aged
5-11 years) and 02-3-5ngmL™' in aduls (aged 14—
75 years).>® More recent pharmacokinetic studies in adults**

and children®****® have shown similar results (Fig. 1), with
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no evidence of systemic accumulation after repeated applica-
tion of tacrolimus 0-1% ointment. The pharmacokinetics of
tacrolimus ointment have also been evaluated in children who
are younger than 2 years of age, with no increased blood
tacrolimus levels being evident after 1 month of routine treat-
ment.”® More recently, a pharmacokinetic study of tacrolimus
0:03% ointment has been carried out in infants aged 3—
24 months, showing that systemic exposure to tacrolimus was
minimal, although highly variable between patients.37 Overall,
97% of the blood samples contained tacrolimus concentrations
below 1 ng mL™", while 20% contained concentrations below
the lower limit of quantification (0-025 ng mL™'). Systemic
exposure tended to increase with increasing body surface area
treated, and was approximately 3% of that recorded in paedi-
atric transplant patients receiving oral tacrolimus.®*’ These
studies have also demonstrated that tacrolimus absorption
decreases over time, in parallel with clinical improvements in
AD as the skin heals, even when the amount of ointment that
is applied remains constant.**** It seems likely that this is the
result of improvement in skin barrier function.

Throughout the tacrolimus ointment clinical trial pro-
gramme, no AEs have been associated with detectable blood
concentrations of tacrolimus. Of over 2000 patients in whom
systemic exposure was evaluated during clinical development
of blood
5ng mL™" were recorded. Of these, two patients had a maxi-

worldwide, only isolated cases levels above
mum of 20 ng mL™" after whole-body application with 10 g
of tacrolimus 0-1% ointment in an early Japanese study.>’
All of these exceptional cases, in which extremely large
amounts of the ointment were applied, were single, transient
occurrences that were not associated with AEs. Of the two
Japanese patients, blood concentration in one decreased in a
time-dependent manner, while the concentration in the
second patient decreased as the skin condition improved.*”
Treatment with tacrolimus 0-1% ointment in three patients
with Netherton syndrome — a disorder that is characterized
by congenital erythroderma and skin barrier dysfunction —
resulted in high blood tacrolimus concentrations.** Maximum
blood concentrations in the patients were 37-2, 230 and
10-2 ng mL™", respectively, but none of the patients experi-

enced systemic AEs. It is clear, however, that diseases such as

receiving tacrolimus 0-1% ointment, stratified
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Netherton syndrome that involve skin barrier defects are more
likely to allow high absorption of topically applied medica-
tions, even those with a relatively large molecular size, such
as tacrolimus. Indeed, the SmPC for tacrolimus ointment spe-
cifically advises against using it in patients with this condition.

Immunocompetence

Because the TCIs modulate local immune responses in the
skin, the use of tacrolimus ointment could, in theory, increase
the risk of cutaneous infections as a result. The considerable
amount of data that has been gathered to date shows that,
overall, the TCIs are not associated with an increased risk of
skin infections with long-term use.

In vitro studies have shown that tacrolimus inhibits lympho-
cyte proliferation in a dose-dependent manner, ranging from
9-2% inhibition at 0-1 ng mL™' to 55% at 5 ng mL~".*""** The
potential effect of tacrolimus 0-1% on immune responses was
evaluated using the recall-antigen test (Multitest CMI; Institut
Meérieux, Lyon, France) to assess delayed hypersensitivity reac-
tions as an indirect measure of cellular immune response in a
cohort of patients from a noncomparative, 12-month study in
adults."® Skin testing was carried out at baseline and after 6
and 12 months of treatment using an eight-pronged applicator
containing one vehicle control and seven bacterial and fungal
antigens (tetanus toxoid; diphtheria toxoid; Streptococcus; tuber-
culin, old; Candida; Trichophyton and Proteus antigens). Reactions
were quantified by determining the mean of the maximum
diameter and the diameter that is orthogonal (at right angles)
to it. A positive test reaction was one of at least 2 mm in diam-
eter, and the sum of the diameters from positive reactions
yielded the ‘Mérieux score’. Tacrolimus ointment was found to
have no measurable effect on cellular immunity, with no
change in the level of immunocompetence from baseline to
months 6 and 12 (Fig. 2)."* The mean * SD number of posi-
tive antigens per patient was 1-3 * 1-2 at day 1, 1'5 £ 1-3 at
month 6 and 1-8 £ 14 at month 12. The proportion of
patients with no positive reactions was also similar over time:
28 patients (33%) at day 1, 16 patients (26%) at month 6 and

- n
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Mean Mérieux score (mm)
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Fig 2. Recall-antigen test results (mean % SD) from a 1-year study of

tacrolimus ointment in adults and children."?

five patients (25%) at month 12. These results also showed
that the patients had depressed cell-mediated immunity at
baseline, which is consistent with previously published obser-
vations that cell-mediated immunity is impaired in patients
with AD.** Overall, various immunological parameters are aff-
ected in patients with AD: the relative and absolute numbers of
circulating T cells are reduced; lymphocyte responses to mito-
gens are impaired; the cytotoxic potential of several cell types,
such as monocytes and natural killer cells, is decreased; and
chemotactic responsiveness is reduced.** There are few pub-
lished data on the effect of tacrolimus ointment on these
parameters, although studies in a mouse model of contact
hypersensitivity have shown that tacrolimus ointment dose-
dependently suppresses oxazolone-induced lymph node cell
proliferation.** This effect was correlated with decreased epi-
dermal mRNA expression of numerous cytokines, including
interleukin (IL)-10at, IL-1f, tumour necrosis factor-o. and inter-
feron (IFN)-y, as well as decreased IL-12 p35 and p40 mRNA
expression in lymph node cells. In addition, production of Thl
(IFN-v and IL-2) and Th2 (IL-4) cytokines was impaired after
tacrolimus ointment treatment, and the population of epider-
mis-infiltrating CD4+ T cells was decreased.*® Tacrolimus
ointment treatment may be associated with improvement in
responses to recall antigens.*® In a study involving patients
with moderate to severe AD, approximately one third of the
patients were anergic at baseline. After 1 year of intermittent
therapy with tacrolimus 0-1% ointment, only one patient
remained anergic, and positive reactions were observed when
this patient was evaluated at year 3. Overall, these results indi-
cate that tacrolimus ointment use does not compromise cellular
immune responses.

Clinical improvement after tacrolimus ointment treatment
has been shown to lead to reduced levels of Staphylococcus aureus
being present on the skin,*’**® again indicating that tacrolimus
ointment does not affect cellular immune responses. In one
study, 40 lesional skin sites that were positive for S. aureus
identified in 11
23-2 years).*’” All patients stopped topical or systemic antibiotic

colonization were patients (mean age
treatment 2 weeks before starting treatment with tacrolimus
0-1% ointment for 3 weeks. Staphylococcus aureus colonization
density was measured as the number of agglutination-positive
colony-forming units (CFU) sampled on a mannitol salt agar
contact plate at baseline and at days 3, 7, 14 and 21 of tacrol-
imus treatment. Of 151 samples taken, 139 (92:1%) could be
evaluated. As a control, 11 positive lesional sites in 11 patients
were treated with vehicle alone. Tacrolimus ointment treat-
ment was associated with an overall decrease of S. aureus colo-
nization on lesional skin (P < 0-05) from day 7 onwards.
Similar results were obtained in a long-term study of adults
with AD in which 19 patients were treated for 6 months and
nine were treated for 12 months with tacrolimus 0-1% oint-
ment.*® By the end of week 1, S. aureus colonization had
decreased significantly: the median decrease in CFU cm™*
compared with baseline was 59:1 at week 1 (P = 0012),
1024 at month 6 (P < 0:001) and 2349 at month 12
(P = 0-008). The decreases in staphylococcal colonization
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were coupled with significant improvements in clinical AD
scores in both studies. As tacrolimus does not have inherent
antibacterial properties, it seems probable that the effect on
S. aureus colonization is the result of lesion healing and
improvements in skin barrier function. Similar effects on
S. aureus colonization were seen in a second study, in which
65 Korean patients with moderate to severe AD received
tacrolimus 0-03% ointment twice daily for 4 weeks.*” Coloni-
zation was significantly decreased with tacrolimus treatment
from week 1 compared with baseline.

The risk of cutaneous infections in patients who participated
in three vehicle-controlled studies and two 12-month, non-

comparative studies (n = 1554)'%7"*

was analysed retrospect-
ively.”® In this analysis, there were no significant differences
between the number of bacterial, viral or fungal infections
with tacrolimus ointment vs. vehicle in adults or children. The
12-week adjusted incidences of all cutaneous infections in
patients who were treated with vehicle or tacrolimus 0-03%
or 0'1% ointment, respectively, were 18:0%, 24:8% and
177% in adults and 209%, 196% and 23-6% in children.*’
Long-term (up to l-year) use of tacrolimus ointment yielded
no detectable increase in the risk of cutaneous infections. In
addition, no increase in the risk of cutaneous infections has
(n =4372) or in children

(n = 4816) in three long-term studies of up to 4 years’
19,20,22

been seen either in adults

duration.

Additional evidence supporting a lack of effect on immuno-
competence comes from a recent short-term paediatric study
that investigated the effect of tacrolimus ointment on immune
responses in 26 children (aged 2—12 years) after administra-
tion of the pneumococcal polysaccharide vaccine (Pneum-
ovax® 23).°' Twenty-three children who were treated with
tacrolimus 0-03% ointment for 7 weeks and received the vac-
cine at week 3 were evaluable. All of the children developed
protective antibody responses to at least eight serotypes,
whereas 70% had protective titres to all 12 serotypes (Fig. 3).
Similar results were seen in a 7-month, double-blind, active-
controlled study in 132 children who received the meningo-

W Post-vaccine
[ Pre-vaccine

100+

801

601

401

Patients (%)

201

4 6B 14 18C 19F 23F
Pneumococcal serotype

Fig 3. Percentage of children with protective titres to pneumococcal
serotypes after vaccination during treatment with tacrolimus

. 50
ointment.
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coccal serogroup C vaccine during treatment with tacrolimus
ointment or a hydrocortisone regimen, compared with 44
children without AD.>” The response rate (defined as patients
with a serum bactericidal antibody titre 28) was 97:5% in the
tacrolimus ointment group compared with 99-1% and 97:7%
in the hydrocortisone ointment and control groups, respec-
tively. Tacrolimus ointment had no adverse effects on immedi-
ate response to vaccination, generation of immune memory,
humoral immunity or cell-mediated immunity.52 Overall, the
results of these studies indicate that tacrolimus ointment does
not affect humoral immune responses or the distribution of
lymphocyte subsets, nor does it interfere with the antibody
response to vaccination.

Carcinogenicity

Long-term carcinogenicity studies in mice and rats do not
demonstrate any evidence of malignant change after topical
administration of tacrolimus ointment.”® Additional preclinical
experiments have evaluated the photocarcinogenic potential of
tacrolimus ointment (Astellas Pharma, data on file). In these
photocarcinogenicity studies, hairless mice were exposed to
levels of ultraviolet (UV) radiation that were sufficient to
induce tumours in all animals, including untreated control
animals, to provide a comparison of the time to tumour onset
with different treatments. This experimental model is used in
the development of many dermatological drugs, although its
relevance to humans has not been determined. In these stud-
ies, vehicle treatment reduced the time to skin tumour devel-
opment, probably because the vehicle enhanced penetration of
UV radiation into the skin (Astellas Pharma, data on file).
Tacrolimus 0-03% or 0:1% ointment did not further reduce
the time to tumour formation: there were no significant dif-
ferences between tacrolimus 0:03% or 0-1% ointment and
vehicle. Higher tacrolimus ointment concentrations than those
commercially available reduced the time to tumour develop-
ment compared with vehicle, but this was probably the result
of a systemic effect and is unlikely to be clinically relevant
(Astellas Pharma, data on file). Similar results were obtained
in separate studies with pimecrolimus cream.®®> Conversely, a
recent study has shown that TCIs can prevent DNA photodam-
age in hairless mice as the result of a filtering effect of both
the vehicle and the active ingredient.>*

In a carcinogenicity study in CD-1 mice, Jiang et al.*® investi-
gated the effect of topical tacrolimus on the formation of skin
papillomas induced by 7,12-dimethylbenz[a]anthracene and
promoted by 12-O-tetradecanoylphorbol-13-acetate (TPA). In
this study, 7- to 8-week-old female mice were treated for
22 weeks either with TPA alone or with topical tacrolimus
applied 15 min before TPA. Topical application of tacrolimus
resulted in a dose-related inhibition of tumour formation,
with 1 pmol almost completely inhibiting tumour formation.
In addition, topical tacrolimus resulted in a dose-related inhi-
bition of epidermal ornithine decarboxylase induction and
skin inflammation caused by TPA, both of which are thought
to be related to skin tumour promotion. Overall, the authors
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concluded that tacrolimus ointment had an inhibitory effect
on TPA-mediated tumour promotion.®’ In contrast to this
study, one recent report has suggested that topical tacrolimus
can accelerate carcinogenesis in mouse skin.”® In this study,
approximately 8 cm”® of the shaved dorsal skin of 7-week-old
female CD-1 mice were treated with a tumour initiator, fol-
lowed by a tumour promoter or acetone, with or without top-
ical tacrolimus. In the mice that were treated with tacrolimus,
there was an increase in the number of skin tumours com-
pared with mice treated with the promoter or acetone alone.
More than 90% of the tumours were, however, papillomas,
which are rare and benign in humans. In addition, the
amount of tacrolimus ointment applied in this study (equiva-
lent to 100 g daily) is more than sixfold greater than the stan-
dard dose used in clinical practice (0-1 g per 100 cm”* daily),
and the relevance of the model to the carcinogenic process
in human skin has not been established. It would appear,
therefore, that these findings are unlikely to be clinically
relevant.

To date, more than 5+4 million prescriptions for tacrolimus
ointment have been dispensed worldwide and there is no evi-
dence to suggest that treatment is associated with an increased
risk of cancer in either adults or children.®’ Indeed, shortly
before the FDA and EMEA reviews of TCIs, a position state-
ment was issued by The European Dermatology Forum,*®
which is a nonprofit professional organization made up of
leading dermatologists from most European countries. Based
on conclusions drawn from critical appraisal of available data on
TCIs, both preclinical and clinical, the statement noted that data
from rodent trials are of limited application to humans and that
there is no conclusive evidence from such studies to indicate
that long-term application of TCIs is photocarcinogenic.58

Since the FDA and EMEA reviews were initiated, individual
physicians and professional groups worldwide have voiced
their concerns, via published articles, that these claims of
9:5976% Of note,

the incidence of NMSC was analysed in 9813 patients (aged 2

malignancy have no evidence to support them.

to 260 years) who were treated with tacrolimus ointment in
clinical trials in the U.S.A.*® Overall 1718 patient-years of fol-
low-up after topical tacrolimus exposure were accrued during
these studies. The
1479 days,
36 months. Thirteen patients, all adults, were diagnosed with

longest period of observation was

and 300 patients were followed for over
NMSC during the study period: 12 patients aged >40 years
and one patient <40 years (median age 61 years). Four
patients had a prior history of NMSC and two patients had
previously been exposed to systemic immunosuppressants
(ciclosporin and methotrexate) or phototherapy. None of the
cases of NMSC was considered by the investigator to be
® In the US. Physician’s
Health Study, patients aged >40 years who received tacro-

related to tacrolimus ointment.®

limus ointment had an incidence of NMSC estimated to be
between 361 and 1217 per 100 000 patient-years, while an
incidence of 533 per 100 000 patient-years for first NMSC in
healthy individuals was reported.®® This suggests that tacroli-
mus ointment does not increase the risk of NMSC in patients

with AD. These findings have been confirmed by a recent
report from a case—control study, which has suggested that
TCIs may even protect against skin cancers.®” Between 2002
and 2005, data were collected from 1000 patients with NMSC
and 4000 controls. Of these, 144% of patients with NMSC
and 30'7% of controls were exposed to TCIs (age-adjusted
odds ratio, OR 0-54). Overall, TCIs had an apparent protective
effect, which increased with an increasing number of tubes of
ointment or cream used.®” The effects of TCIs and corticoster-
oids on the incidence of lymphoma have also been investi-
gated in a case—control study involving 293 253 patients with
AD.®® Overall, severity of AD was the main factor associated
with an increased risk of lymphoma (OR 2-4). There was no
association between lymphoma and pimecrolimus cream (OR
0-8) or tacrolimus ointment (OR 0-8), nor between lymph-
oma and use of topical corticosteroids (low potency, OR 1-1;
high potency, OR 1-2).®

Although it seems there are no convincing data to support
the possibility that TCIs increase the incidence of cutaneous
malignancies, patients should be informed of the risk—benefit
hypothesis with tacrolimus ointment and advised that an
exposure period of 15 years may have to elapse before such a
suggestion can be completely disregarded.

Adverse events and tacrolimus ointment

Common adverse events

The most common AEs associated with tacrolimus ointment
are application-site reactions, such as burning sensations and
pruritus (Table 2). These are usually mild to moderate in
intensity and transient, lasting 15-20 min and occurring dur-

ing the first few days of treatment (Fig. 4).'' >

Application-
site events resolve rapidly as the skin heals, and improvement
in disease status is associated with a decrease in the incidence
and severity of the burning sensation and other local AFs.'®
The burning sensation, which is generally experienced as a
feeling of warmth or heat, and includes events such as pain,
stinging and soreness, has been reported by 18-59% of
patients in clinical trials. Application-site pruritus and ery-
thema were reported by at least 10% of patients in clinical
studies”® and, as with burning and pruritus, erythema was
also generally mild to moderate in severity and transient. In
general, the burning sensation, pruritus and erythema resolved
within 1 week of initiating tacrolimus ointment and occurred
more frequently in adults than in children (Table 2).

In the clinical studies, the incidence of application-site AEs
seemed to be related to the severity of disease: compared with
patients with less severe disease, more patients with severe
disease or with >75% of their body surface area affected

11,17,19
reported these events.

In addition, a retrospective analy-
sis of two long-term studies demonstrated that application-site
reactions were reported half as often in patients with mild dis-
ease compared with severely affected patients.®” In a pooled
analysis of results from two randomized, double-blind studies —

one in adults and one in children — in patients with mild to
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Table 2 Incidence of common application-site
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11-22

adverse events in phase III trials

Vehicle Tacrolimus 0:03% Tacrolimus 0:1% Corticosteroid®
(%) ointment (%) ointment (%) (%)
Burning sensation
Children (2-15 years) 29 18-43 19-34 7-15
Adults (=16 years) 26 45-46 23-59 13-14
Pruritus
Children (215 years) 27 13—41 11-32 8-16
Adults (216 years) 37 2046 15-46 10-16
Erythema
Children (215 years) 19 2-8 1-8 1-2
Adults (216 years) 20 2-25 4-28 =2t

*Hydrocortisone acetate and/or hydrocortisone butyrate ointments.

- &- Mild
—e— Moderate
—a— Severe

Patients (%)
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olu | - |
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Study duration
(b)20
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Study duration

Fig 4. Prevalence of (a) pruritus and (b) skin burning over time in

patients with mild, moderate or severe atopic dermatitis.'’

moderate disease (n = 617), no significant differences were
found between the tacrolimus ointment and vehicle treatment
groups in the incidence of burning or stinging.”® Moreover,
the incidences of itching and erythema were higher with vehi-
cle than with tacrolimus ointment.

In comparative studies vs. corticosteroids, the incidences of
burning sensation and, to a lesser extent, pruritus were signifi-
cantly higher with tacrolimus ointment than with vehicle or
corticosteroids (Table 2). For example, in a double-blind,
3-week study comparing tacrolimus 0:03% (n = 193) and
0-1% (n = 191) ointments with hydrocortisone butyrate 0-1%
ointment (n = 186) in adults with AD, burning sensation and
pruritus were the only AEs that had a higher incidence with

© 2007 The Author

tacrolimus ointment than with hydrocortisone butyrate
(P < 0:05; Table 3).'® Similar results were seen in a 3-week
double-blind study in 560 children (aged 2-15 years) that
0:03% (n=189) and 0'1% (n=

186) ointments with hydrocortisone acetate 1% ointment

compared tacrolimus
(n = 185); in this study, burning sensation was the only AE
that had a significantly higher incidence with tacrolimus oint-
ment than with hydrocortisone acetate (Table 3; P < 0-05)."

Common nonapplication-site AEs that are seen during treat-
ment with tacrolimus ointment include influenza-like symp-
toms, headache, allergic reaction and asthma.*® These occur in
similar numbers of patients treated with topical corticoster-
oids. Additional AEs reported by 1-10% of patients include
skin infection, skin tingling, folliculitis, acne, alcohol intoler-
ance (defined as facial flushing or facial skin irritation after
alcohol intake), hyperaesthesia and herpes simplex.”®

AEs, including application-site reactions, rarely lead to treat-
ment discontinuation with tacrolimus ointment. In nine phase
III studies of up to 12 months’ duration, the percentage of
patients prematurely discontinuing treatment because of AEs
was 14—6:2% (mean 3-6%) with tacrolimus 0:03% ointment
and 1:6-53% (mean 3-3%) with tacrolimus 0:1% oint-
ment.'°'® The most common AEs leading to treatment dis-
continuation included burning sensation, pruritus, erythema,
skin infection and herpes simplex infection.

The profile of AEs seen in patients treated with tacrolimus
ointment is similar to that seen with pimecrolimus cream,
particularly in those studies in which the two agents are com-

24,25

pared directly. Two studies have compared tacrolimus
0-1% ointment with pimecrolimus 1% cream, one in adults
with mild to very severe AD (n = 413) and one in children
(aged 2-15 years) with moderate to very severe AD
(n = 225); a third study has compared tacrolimus 0:03% oint-
ment with pimecrolimus 1% cream in children (aged 2-
15 years) with mild AD (n = 425).* In a combined analysis
of all three studies, the incidence of cutaneous AEs with
tacrolimus ointment (n = 530) was similar to that with pime-
crolimus cream (n = 533) (Fig. 5), with the only statistically
significant difference between the treatments being a higher
overall incidence of burning sensation with tacrolimus oint-

ment in adults.”* Notably, this difference occurred upon initial
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Table 3 Incidence of common application-site

Tacrolimus 0-03%

ointment, n (%)

Tacrolimus 0-1%
ointment, n (%)

Comisiestiaraiel” adverse events in 3-week double-blind studies

o of tacrolimus ointment vs. corticosteroid
n (%)

16

Burning sensation

Children (2-15 years) 35 (19)* 38 (20)°

Adults (216 years) 85 (45)° 113 (59)*
Pruritus

Children (215 years) 25 (13) 21 (11)

Adults (216 years) 39 (20)° 29 (15)*
Erythema

Children (215 years) 4 (2) 1 (<1)

Adults (216 years) 4 (2) 7 (4)

ointment in adults'® and children
13 (7)
24 (13)

14 (8)
18 (10)

3(2)
1 (<1)

P < 0:05 vs. corticosteroid. bHydrocortisone acetate and/or hydrocortisone butyrate oint-

ments.
124
M Tacrolimus ointment
10+ [ Pimecrolimus cream

©
1

Patients (%)
(]
1

4 -
24
0 -
Burning Pruritus  Erythema Pain Infection
sensation

Fig 5. Percentage of patients with application-site adverse events in a
combined analysis of three comparative studies of tacrolimus ointment

. . 24
VS. plmecrohmus cream.

treatment, and the incidence rates were similar by week 1
of the study in both treatment groups. In a fourth study,
tacrolimus 0-03% ointment (n = 70) was compared with
pimecrolimus 1% cream (n = 71) in a randomized, investiga-
tor-blinded, 6-week study in children (aged 2—17 years) with
moderate AD.”® The incidences of total AEs (84% for tacroli-
mus ointment vs. 86% for pimecrolimus cream) and applica-
tion-site AEs (26% and 24%, respectively) were similar
between the two groups. Local skin infections were uncom-
mon, and there were no major differences between the two
treatments. A greater percentage of patients receiving pime-
crolimus cream discontinued as a result of AEs (7%) compared

with those receiving tacrolimus ointment (1%).

Skin atrophy

As a result of their mode of action, topical corticosteroids
inhibit the production of collagen and can cause dermal and
This

process can start within 3 weeks of initiating therapy; indeed,

epidermal skin thinning, resulting in skin atrophy.”’

subclinical skin damage may begin to occur within the first

71-73
k.

wee Treatment with a potent corticosteroid for only

3 days has been shown to result in a decrease in the rate of
collagen synthesis that persisted for more than 2 weeks after
cessation of treatment.”* Unlike topical corticosteroids, tacrol-
imus ointment is not associated with skin atrophy. A ran-
domized, double-blind, 7-day study in 12 healthy volunteers
and 14 patients with AD showed that occlusive treatment
with tacrolimus 0-1% or 0-3% ointment did not cause the
adverse effects on collagen synthesis or skin thickness that
were seen with betamethasone valerate 0-1% ointment.”” In
this study, the carboxy- and amino-terminal propeptides of
procollagen I (PICP, PINP) and the amino-terminal pro-
peptide of procollagen III (PIIINP) were measured from
suction-blister fluid at the end of treatment. In addition, skin
thickness was measured using ultrasound. The results for
patients with AD and healthy subjects were similar. At the
end of treatment, betamethasone-treated skin showed median
PICP, PINP and PIIINP concentrations of 17:0%, 17:6% and
39-5% of the vehicle control, respectively, whereas the values
for tacrolimus 0-1% and 0:3% ointments were approximately
100% of the vehicle control (P < 0-001).”® In addition, med-
ian skin thickness was decreased by betamethasone by 7-4%
relative to tacrolimus 0-1% ointment, 7-1% relative to tacroli-
mus 0:3%

(P < 0-01). Similar results were obtained in a study compar-

ointment and 8:8% relative to vehicle control
ing pimecrolimus cream with betamethasone valerate and tri-
amcinolone acetonide.”®

Not only is there no association between tacrolimus oint-
ment and skin atrophy, but long-term treatment has been
associated with improvements in collagen synthesis and skin
thickness. In a 1-year open-label study, patients with moderate
0-1%
(n = 56) or corticosteroids (n = 36), with 27 healthy volun-
teers acting as controls.”” All the patients with AD had pre-

to severe AD received either tacrolimus ointment

viously used topical corticosteroids and, at baseline, had
decreased collagen synthesis rates relative to healthy individ-
uals, as shown by concentrations of procollagen propeptides.
Long-term tacrolimus ointment treatment was associated with
an increase in collagen synthesis, with a median increase
in combined procollagen propeptide concentrations of
272 pg L7 (+140:9%, P < 0-001; Fig. 6), as well as a signifi-
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Maximum value = 4085

Q75

Mean
Med.
Q25%
Min.

1 1 1 1
Baseline to month 12 Baseline to month 12
Steroid-based therapy ~ Tacrolimus ointment therapy

Maximum value = 3865

Q75
Mean

Q25%
—_ Min.

PIIINP values (absolute values). (b) Sum of
PINP and PIIINP values (change from baseline
to month 12).°

cant increase in skin thickness (+9:0%, P < 0-001). Corticoste-
roid therapy did not significantly affect collagen synthesis
beyond the reduced baseline levels that were observed in the
patients with AD, but did produce a significant decrease in
skin thickness (—8-2%, P = 0-001). In addition, skin atrophy
progressively improved with long-term tacrolimus ointment
treatment in three patients who had clearly visible signs of
corticosteroid-related skin atrophy at baseline. Skin thickness
and collagen synthesis increased and macroscopic signs of skin
atrophy resolved.

Safety of tacrolimus ointment in the
longer term

The safety of tacrolimus ointment in the longer term has been
evaluated in three studies of 6—12 months’ duration,'>:'*!®
and the safety of long-term intermittent tacrolimus ointment

in adults and children has been assessed in three studies of

19,20,22

up to 4 years’ duration. Overall, the most common AEs

© 2007 The Author

Baseline to month 12
Steroid-based therapy

Baseline to month 12
Tacrolimus ointment therapy

in these studies are application-site reactions and influenza-like
symptoms (Table 4).

In two open-label, 12-month studies, treatment with tacrol-
imus 0-1% ointment was well tolerated in adults (n = 316)
and children (aged 2-15 years; n = 255) with moderate to

13,14
severe AD. ™

In adults, the most common AEs were applica-
tion-site reactions — burning sensation (43:7%), pruritus
(19:0%) and erythema (8:9%) — that decreased in both inci-
dence and intensity over time.'> The most common nonappli-
cation-site AEs were influenza-like symptoms (21:8%; most
frequently reported during the winter months), allergic reac-
tion (20:9%), infection (14:2%) and headache (10-1%). Cox
regression analyses demonstrated that there was no significant
increase in the risk of skin infection or nonskin infection with
increased cumulative use of tacrolimus ointment. Similar
results were obtained in the paediatric study, with the most
common application-site AEs being burning sensation (25:9%)
and pruritus (23:1%).'* Again, these decreased in incidence
over time. The most common nonapplication-site AEs were
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Table 4 Incidence of common adverse events in long-term studies of
tacrolimus ointment (=12 months)'3!#18720.22

Children
(2—15 years)

Adults

Adverse events (%) (216 years)

Application-site reactions

Burning sensation 15-8-32-2 26:0—437

Pruritus 17:0-32-2 19:0-32-1

Skin infection 11-4-33:0 5:7-152
Influenza-like syndrome 282470 21-3-30-1
Allergic reaction 8:4-262 5:5-13-0
Fever 7:9-249 1-7-44
Pharyngitis 9:9-22-7 4:0-5-1
Asthma 8:6-20-9 3:3-83
Headache 3:7-180 12:6-14-0
Increased cough 5:6-14'5 2:3—44

influenza-like symptoms (34:5%; apparently seasonal), head-
ache (18:0%), fever (17-0%), asthma (16:1%) and allergic
reaction (15:3%). The incidence of nonapplication-site AEs,
including infections, did not increase with cumulative use of
tacrolimus ointment or the duration of treatment, and most
(85%) were considered to be unrelated to tacrolimus oint-
ment. Overall, these two studies showed that the safety profile
of tacrolimus ointment during up to 1 year of treatment was
similar to that seen in short-term studies, with most AEs
occurring at the start of treatment and being related to disease

13,14
status.” ™’

With the exception of influenza-like symptoms,
which were considered to be seasonal in nature and unrelated
to the use of tacrolimus ointment, there was no increase in
the prevalence of any infection over time. The incidence of
nonapplication-site events did not increase with prolonged
use, and the incidence of cutaneous infections in both studies
was low (11-1% in adults and 11-4% in children).'*"'*
Although no 1-year comparative studies of tacrolimus oint-
ment vs. corticosteroid treatment have been published, the
results of the two I-year studies discussed above are similar to
those of a more recent 6-month study that compared tacroli-
mus 0°1% ointment (n = 487) with combined hydrocortisone
butyrate 0-1% ointment and hydrocortisone acetate 1% oint-
ment treatment (n = 485) in adults with AD.'® Both treat-
ments were well tolerated; the most commonly reported AEs
considered to be related to treatment were burning sensation
(52:4% of patients receiving tacrolimus ointment, 13:8% of
patients receiving corticosteroid ointment), pruritus (18-1%,
13-4%), folliculitis (11:7%, 10-1%) and alcohol intolerance
(7-4%, 0-2%). Of these, only the incidences of burning sensa-
tions and alcohol intolerance (defined as application-site skin
flushing after the consumption of alcohol) were significantly
more common with tacrolimus ointment than with cor-
ticosteroids (P < 0-001). Although herpes simplex initially
occurred more often in patients receiving tacrolimus ointment,
the incidence decreased over time and, by month 6, it was
similar in patients receiving tacrolimus ointment (1:3%) and
corticosteroids (1:0%). All herpes simplex cases were mild to

14 B 0-12 months
124 [l 13-24 months
O 25-36 months
101 [ > 36 months
» 81
c
QO 61
©
o 4
; I
0 i i . ml]

Warts Eczema Molluscum

herpeticum

Skin infection Herpes
simplex

Fungal
dermatitis

Fig 7. Incidence of infections during up to 4 years of treatment with

tacrolimus 0°1% or 0-03% ointment.””

moderate in severity, apart from one patient in each treatment
group who developed a severe infection. The so-called alcohol
intolerance that was seen in some patients was generally
mild to moderate in nature and did not lead to treatment dis-
continuation.

Further confirmation of the long-term safety of tacrolimus
ointment has been demonstrated by three large-scale studies
of up to 4 years’ duration.'”?*>* The longest of these studies
was a long-term, open-label, noncomparative study of tacroli-
mus 0-1% ointment in adults (n = 408) and children (aged
2—15 years, n = 391) in which patients were followed for up
to 49 months, with 37:5% of patients being followed for
longer than 3 years.”” The most common application-site AEs
over this time period were pruritus (26:3%), burning sensa-
tion (26:2%), skin infection (18:8%) and erythema (12:3%),
and again the incidence was greatest at the start of treatment
and decreased substantially over time. Most nonapplication-site
AEs were unrelated to treatment and the most common were
influenza-like symptoms (37:7%), allergic reaction (19:0%)
and asthma (14'4%). The incidence of AEs, including skin
infections, did not increase with time during the study, and
the incidence of infections was low throughout (Fig. 7).

Overall, the results of these studies demonstrate that no
new previously unreported AEs have emerged with long-term
treatment. Tacrolimus ointment was well tolerated during
long-term therapy, with a similar AE profile to that seen in
short-term studies: the most common application-site AEs
were burning sensation, pruritus and skin infection. These AEs
occurred at the start of treatment and were related to disease
status, decreasing in incidence over time as the AD improved.
There was no increase in the incidence of any infection over
time, with the exception of influenza-like symptoms, which
were considered to be seasonal in nature. The incidence
of nonapplication-site AEs did not increase with prolonged
use of tacrolimus ointment and most of these events were

unrelated to treatment.

Conclusions

In more than 14 years of clinical experience, the efficacy and
safety of tacrolimus ointment for the treatment of AD have
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been demonstrated in numerous short- and long-term studies.

Systemic exposure to tacrolimus is minimal and transient after

topical application, and the maximum blood concentration in

most patients is below the limit of quantification. There is no

evidence of a causal link between the use of tacrolimus oint-

ment and the rare cases of skin cancer that have been

reported. The safety profile of tacrolimus ointment, coupled

with its demonstrated efficacy, makes it an important tool in
the treatment of adults and children with AD.
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