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Abstract 

Topical therapies constitute the mainstay of
dermatological treatments for skin disorders,
such as atopic dermatitis, contact dermatitis,
psoriasis, or acne. Since some of these dis-
eases are often chronic, treatment duration
may last for years and may even last the
patient’s entire lifetime. Obviously, such long-
term therapy may raise safety concerns, which
also include the potential photocarcinogenic
effect. Most patients are exposed to ultraviolet
radiation (UVR) during leisure, work, vaca-
tions, or in tanning beds. Additionally, the
patients may receive UVR via UVB photothera-
py or psoralens plus UVA radiation (PUVA).
The use of immunosuppressant’s, such as cor-
ticosteroids and calcineurin inhibitors, has
markedly increased. Patients with skin dis-
eases have benefited from both systemic and
topical treatment of both new and established
drugs. The issue of a black box warning by the
US Food and Drug Administration has
increased concerns about photocarcinogene-
sis, which raises the question: “Are these
drugs safe?”

This review focuses on the mechanism of
action and photocarcinogenic potential of com-
monly used topical treatments, such as corti-
costeroids, calcineurin inhibitors, and vitamin
D analogs. 

Introduction

The skin is the largest organ system of the
human body providing a barrier to harmful
environmental effects including infectious
agents, ultraviolet radiation (UVR) and exoge-
nous chemicals. UVR is the most important
environmental factor in the pathogenesis of
skin cancer in humans.1 Importantly, the effect
of UVR may be enhanced by pharmaceuticals.2

Agents that enhance photocarcinogenesis can
be defined as chemicals or treatments that
shorten the time of onset to skin cancer devel-

opment after a specific UVR dose.3 Skin can-
cers fall into three categories: basal cell carci-
noma (BCC), squamous cell carcinoma (SCC)
(non-melanoma skin cancer), and malignant
melanoma.1,4 Solar UVR is a carcinogen in
humans and is involved in the development of
all three types of skin cancer. 

This review focuses on commonly used top-
ical treatments, such as corticosteroids, cal-
cineurin inhibitors, and vitamin D analogs.
The mechanism of action of these drugs goes
through different pathways but they all inter-
fere with the transcriptional activation of vari-
ous cytokine genes that modulate immune
response and inflammation.

Topical calcineurin inhibitors
The topical calcineurin inhibitors,

tacrolimus and pimecrolimus, were approved
for treatment of atopic dermatitis in 2000 and
2001, and the long-term safety of these prod-
ucts has been widely debated.5-14 The topical
calcineurin inhibitors tacrolimus, (FK506) and
pimecrolimus, (SDZ981) belong to the
ascomycin class of macrolactam immunosup-
pressive drugs and their mechanism of action
has been reviewed.12,15-21 They function by
inhibiting T-cell activation through the cal-
cineurin pathway, thereby inhibiting the
release of numerous inflammatory cytokines
and preventing the cascade of immune and
inflammatory signals. The chemical structures
of pimecrolimus and tacrolimus are very simi-
lar and their overall mechanism of action is
the same.22

The mechanisms of action of pimecrolimus
and tacrolimus are very similar to that of the
well known immunosuppressive drug, cyclo -
sporine A (CsA).15,20 CsA and tacrolimus are
used systemically for the treatment of organ
transplant recipients.23 Systemic CsA is also
used in dermatology for a range of autoim-
mune diseases, including psoriasis and atopic
dermatitis. There are many adverse events
associated with immunosuppressive treatment
and there is a large body of evidence showing
that skin cancer is the most common malig-
nant condition in transplant recipients.23 Basal
cell carcinoma (BCC) and squamous cell carci-
noma (SCC) are the most common cancers
after organ transplantation, affecting more
than half of all Caucasian patients in the long
term.23 UVR appears to be the highest risk fac-
tor since the highest incidence of skin cancer
is in countries with high sun exposure, e.g.
Australia, and the tumors mainly develop in
sun-exposed areas.23 Furthermore, it is known
that CsA inhibits DNA repair in human ker-
atinocytes, fibroblasts and lymphoblasts.24,25 In
addition, CsA promotes the spread of cancer in
mice without an immune system, probably by
increasing the production of transforming
growth factor β, interleukin-6, and vascular
endothelial growth factor that enhance angio-

genesis, tumor growth, and metastasis.23

Documented adverse photocarcinogenic
events for systemic treatment raise concerns
as to the safety of topical treatment.12 As a
result, the US Food and Drug Administration
(FDA) issued a black box warning in January
2006. The cause for this warning originated
from case reports from patients, animal stud-
ies, lack of post-marketing studies, and the
known mechanism of action of the drugs.10,17

The case reports from patients reported to
the FDA until 2004 showed a total of 28 malig-
nancies in topical calcineurin users, 10 of
which were in pimecrolimus users and 19 in
tacrolimus users (one common case).13,17

These malignancies occurred in 21 adults and
in 7 children.13 To give a sense of the use of
topical calcineurin inhibitors, 3.2 million pre-
scriptions were issued for topical tacrolimus
from January 2001 to August 2004, and 7.7 mil-
lion for topical pimecrolimus from January
2002 to August 2004.17

The animal experiments which led to the
warning consisted of a 52-week photocarcino-
genesis study in mice that showed a decrease
in the median time to onset of skin tumor for-
mation in pimecrolimus- and tacrolimus-treat-
ed mice when compared with the control mice,
indicating an increase in photocarcinogenesis.
However, there was no difference or protective
effect in the median time to onset of skin
tumor formation for the pimecrolimus 1%,
tacrolimus 0.03%, and 0.1% formulations com-
pared to the vehicle, indicating that the
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increased tumor formation observed was
caused by the vehicle alone.6,7 Vehicle effects
on photocarcinogenesis have been reported
before.27,28 It is possible that a higher content of
tacrolimus than that found in the commercial
ointment might facilitate photocarcinogene-
sis. Indeed, a decrease in the median time to
onset of skin tumor formation was shown for
both the tacrolimus 0.3% and 1% formulations
when compared with vehicle and UV controls.6

The commercial ointment contains maximally
0.1% tacrolimus. We have conducted a smilar
study showing that pimecrolimus and
tacrolimus did not decrease the time to tumor
development.29,30 It showed that application of
tacrolimus or pimecrolimus 3-4 hours before 2,
4, or 6 standard erythema dose (SED) of irradi-
ation resulted in an unchanged or increased
number of days to tumor onset.29,30

Also data on chemical carcinogenesis and in
vitro tests are conflicting.31,32 Niwa et al. report
that topical treatment with 0.1% tacrolimus
ointment stimulates the development of papil-
lomas and carcinomas in the skin in the
DMBA/TPA two-step carcinogenesis mouse
model.31 On the other hand, Jiang et al. report
an opposite effect of tacrolimus in the same
test in CD-1 mice.32 An in vitro study has
shown that tacrolimus inhibits repair of UV
induced DNA damage and apoptosis25 which
could be an explanation for the increased pho-
tocarcinogenesis. However, a short-term
murine study has shown no increase in DNA
damage formation after topical treatment with
pimecrolimus or tacrolimus over a 10-day peri-
od followed by UVB irradiation, indicating a
biologically pertinent protective effect with
regard to UV-mediated DNA damage.33 It has
also been shown that pimecrolimus does not
enhance cyclobutane pyrimidine dimer forma-
tion in human skin one and 24 hours after UV
exposure.34 These data support the conclusions
of another study that showed no difference in
the development of epidermal thymine dimers
or increase in p53 levels at one and 24 hours
after a 3-day pre-treatment of tacrolimus on
human skin followed by UV exposure com-
pared to vehicle or UV treatment alone.35

Several epidemiological studies and recent
reviews have shown no increased risk of skin
cancer and lymphoma in patients treated with
topical calcineurin inhibitors.36-40

Worldwide, more than 20 million prescrip-
tions of topical calcineurin inhibitors have
been issued. The safety aspects of the
inhibitors have been under focus through
assessment of pre-clinical, clinical, and post-
marketing reports. However, pimecrolimus
cream and tacrolimus ointment have been in
clinical use for less than a decade, so investi-
gation through long-term trials and phase IV
post-marketing studies with large sample sizes
and extended follow ups are still required.7

Topical corticosteroids
Skin photocarcinogenicity related to the use

of topical corticosteroids has been a concern
due to the immunosuppressive effect of this
class of drugs.8 Use of systemic glucocorticos-
teroids has been associated with an increased
risk of non-melanoma skin cancer in
humans.41 Little information is available from
studies on photocarcinogenesis mediated by
topical corticosteroids. Instead, the safety
record of topical corticosteroids has been
assessed through many years of clinical
data.6,17 Topical corticosteroids have anti-
inflammatory, antipruritic, and vasoconstric-
tive properties and their mechanism of action
has been reviewed.18,19,42,43 At the cellular level,
corticosteroids act directly by binding to a glu-
cocorticoid receptor to form a steroid-receptor
complex and this complex translocates into the
nucleus.42 Inside the nucleus this complex
binds to the glucocorticoid-responsive element
and thereby decreases the transcription and
protein synthesis of various cytokines.18

Indirectly, corticosteroids can act by, for exam-
ple, the transcription factors activator protein
1 (AP-1) and nuclear factor-κB (NF-κB).18,43

Corticosteroids have been shown to increase
cellular levels of inhibitory nuclear factor-κBα
(IκBα) by stimulating expression of the IκBα
gene. The IκBα protein binds to the transcrip-
tion factor NF- κB so the latter cannot translo-
cate into the nucleus, which also results in a
decreased transcription and protein synthesis
of various cytokines.18 Corticosteroids decrease
the synthesis of various proinflammatory
cytokines such as IL-1, IL-2, IL-6, IFN-γ and
TNF-α.18,19,43 In addition, corticosteroids stimu-
late the lymphocyte expression of genes for
anti-inflammatory cytokines, including trans-
forming growth factor-β and IL-10.18 In the
skin, corticosteroids also inhibit capillary dila-
tion, dermal edema and reduce the number of
Langerhans cells by inducing apoptosis.18,43,44

However, corticosteroids are also thought to
act by second messengers (lipocortins) induc-
ing antiproliferative effects.18 Topical steroids
are well known to produce side effects related,
at least in part, to their inhibition of epidermal
proliferation and connective tissue synthe-
sis.44-48 Four murine studies have demonstrated
inhibition of photocarcinogenesis using differ-
ent topical corticosteroids.49-52 One study
showed that hydrocortisone protected against
UVB radiation-induced tumor formation as
measured by the time to tumor onset and num-
ber of tumors per mouse.51 Another study
showed that diflorasone diacetate protected
against SSR-induced tumor formation using
almost identical measurement methods.49 A
third study showed that triamcinolone ace-
tonide protected against UVB-induced tumor
formation, as measured by the number of sur-
viving mice with tumors and the mean tumor
diameters.50 Our study showed that hydrocorti-

sone butyrate and clobetasol propionate did
not significantly decrease the time to tumor
development.52 Hydrocortisone butyrate in
combination with 2, 4 or 6 SED resulted in an
unchanged or increased number of days to
tumor onset.52 Clobetasol propionate in combi-
nation with 2 SED resulted in an unchanged
number of days to the first tumor but an
increased number of days to the second and
third tumor. All other combinations of clobeta-
sol propionate and 4 or 6 SED resulted in a sig-
nificant photoprotective effect.52 None of the
published data on topical treatment of mice
with corticosteroids has shown increased risk
of photocarcinogenesis. Furthermore, topical
corticosteroids are also known to inhibit two-
stage chemical carcinogenesis in mice.53 In
agreement, no reports have been published
concerning the use of topical corticosteroids
and photocarcinogenesis in humans.

Vitamin D3 analogs
Chemically, the various forms of vitamin D

are collectively called secosteroids, steroids in
which one of the bonds in the steroid rings is
broken. Calcipotriol, also called calcipotriene,
is a synthetic vitamin D3 analog used in the
treatment of psoriasis.54 The mechanism of
action of calcipotriol has been reviewed.18,19,55

The mechanism acts through the inhibition of
keratinocyte proliferation and improvement of
keratinocyte differentiation. This is probably
mediated via binding with vitamin D receptors
located in the nucleus of epidermal ker-
atinocytes.18 This receptor complex can regu-
late transcription by binding with elements in
the promoter region of target genes and it can
also interfere with other transcription factors
such as those described previously, e.g. NF-AT
and NF-κB.18,19 Vitamin D analogs have also
been shown to decrease the synthesis of vari-
ous proinflammatory cytokines, such as IL-2,
IL-6, IL-8, IFN-γ and GM-CSF, which are all a
part of cutanous inflammation and prolifera-
tion of T lymphocytes and keratinocytes.18,19

Indirectly, vitamin D3 analogs can, like the cor-
ticosteroids, act by, for example, the transcrip-
tion factor AP-1, which causes a negative reg-
ulation of IL-2 and GM-CSF.18

It has been demonstrated that calcitriol
(1,25(OH)2D3), which is the active metabolite
of calcipotriol, protects primary human ker-
atinocytes and murine epidermis against the
induction of cyclobutane pyrimidine dimers by
UVR.56,57 Studies with calcitriol on murine
chemical carcinogenesis have been inconclu-
sive. One study showed an augmentation of
carcinogenesis while another study showed a
protective effect.58,59 The Summary of Product
Characteristics refers to a study which indicat-
ed that calcipotriol can accelerate photocar-
cinogenesis in male albino mice.60 We showed
that calcipotriol in combination with 2 SED
decreased the time to the first tumor signifi-
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cantly and suggests that the photocarcinogenic
effect was increased.52 The other combinations
of calcipotriol and 4 or 6 SED resulted in an
unchanged or increased number of days to
tumor onset.52 To our knowledge, no reports
have been published concerning the use of top-
ical vitamin D analogs and photocarcinogene-
sis in humans.

Conclusions

Topical calcineurin inhibitors show conflict-
ing photocarcinogenicity data from animal and
in vitro studies. Nevertheless, more than 20
million prescriptions for pimecrolimus cream
and tacrolimus ointment are issued worldwide,
and several epidemiological studies and recent
reviews have shown no increased risk of skin
cancer and lymphoma in patients treated with
topical calcineurin inhibitors. However, pime-
crolimus cream and tacrolimus ointment have
been available for less than ten years, so long-
term studies and phase IV post-marketing
studies with large sample sizes and extended
follow up is still needed.

Even though topical steroids have been on
the market for a very long time, only few pho-
tocarcinogenesis studies have been conducted.
All published studies indicate that topical
steroids do not increase the photocarcinogenic
potential of UVR. 

Only one study has been published regard-
ing photocarcinogenesis and vitamin D
analogs. The study indicates that calcipotriol
does not increase the photocarcinogenic
potential of UVR. 

Based on the current data, the cancer risk
associated with the use of topical calcineurin
inhibitors, topical corticosteriods and vitamin
D analogs on sun-exposed areas appears to be
minimal or non-existent.
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