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Skin cancers are the most frequent malignancies in or-
gan transplant recipients (OTR), with 95% being non-
melanoma skin cancers (NMSC), especially squamous
(SCC) and basal cell carcinomas. Most OTR with a
first SCC subsequently develop multiple NMSC within
5 years, highlighting the concept of ‘field canceriza-
tion, and are also at high risk for noncutaneous can-
cers. In order to reduce the tumor burden in these pa-
tients, their management requires an interdisciplinary
approach including revision of immunosuppression,
new dermatological treatments and adequate edu-
cation about photoprotection in specialized derma-
tology clinics for OTR. Whereas surgery remains the
gold-standard therapy for NMSC, noninvasive meth-
ods have shown promising results to treat superfi-
cial keratoses and subclinical lesions on large body
areas. Although the threshold of skin cancer necessi-
tating revision of immunosuppression is debated, this
measure should be envisaged at the occurrence of the
first SCC, or in case of multiple non-SCC NMSC. While
the role of immunosuppressants in the occurrence of
NMSC is widely recognized, the best immunosuppres-
sive strategies remain to be defined. Presently, ran-
domized prospective studies assess the burden of new
skin tumors, as well as graft and patient survival, in pa-
tients with one or several NMISC after the introduction
of mTOR (mammalian target of rapamycin) inhibitors.
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Introduction

Skin cancers are the most frequent malignancies after or
gan transplantation (1,2). Although the incidence of some
rare tumors (such as melanoma, Merkel cell carcinoma

and Kaposi's sarcoma) is also increased compared with
the general population, this paper will focus on NMSC,
especially squamous cell carcinomas (SCC) and basal cell
carcinomas (BCC), which account for 95% of the skin can-
cers in organ transplant recipients (OTR). The manage-
ment of OTR with skin cancers requires an interdisciplinary
approach. This article reviews the latest data concern-
ing the epidemiologic, pathogenic and therapeutic aspects
of nonmelanoma skin cancers (NMSC) in kidney (KTR),
heart (HTR) and liver (LTR) transplant recipients, and also
presents running prospective randomized studies concern-
ing new immunosuppressive strategies to face the chal-
lenge of posttransplant NMSC.

Epidemiology

The incidence of NMSC increases steadily with time after
transplantation and varies in the United States and West-
ern Europe from 5% to 10-27% to 40-60% at 2, 10 and
20 years, respectively (3-5). Higher figures are observed in
Australia, where the 20 years incidence reaches 70-82%.
Several studies have shown a 2- to 4-fold higher incidence
in HTR as compared with KTR (2,6,7). Studies on skin can-
cersin LTR are more scarce (2,8); current data suggest that
their incidence could be similar to KTR (7,8).

In OTR the ratio of SCC to BCC (4/1) is reversed com-
pared with the population at large, and this reversal in-
creases with decreasing latitude, sun exposure and length
of follow-up (1,2). While age-matched KTR and HTR show
similar ratios, LTR seem to have a higher rate of BCC.

Clinical features

SCCand BCC appear on sun-exposed areas after a mean in-
terval of 8 to 10 years after transplantation. They are often
associated with multiple keratotic lesions and other skin
tumors that mimic clinically invasive SCC, such as actinic
keratoses (AK), Bowen's disease (in situ, SCC) and keratoa-
canthoma. Keratotic skin lesions were recently defined in a
consensus meeting and consist of warty/verrucous lesions
whose clinical diagnosis is difficult. They may correspond
to actinic keratoses, seborrheic keratoses/warts, flat warts
and papillomas (9). Multiple keratotic skin lesions were
shown to be associated with an increased risk of SCC, with
4-fold and 12-fold elevated risk in cases of <49 and >50 le-
sions, respectively, compared with patients devoid of such
lesions (9). All these lesions correspond to extensive areas
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Figure 1: An example of field cancerization: Multiple non-
melanoma skin cancers on the face of a renal transplant re-
cipient.

of actinic damage including visible and subclinical lesions
of epidermal dysplasia and highlight the concept of field
cancerization (Figure 1).

Recent data suggest that the occurrence of NMSC should
be given consideration as early as possible. Indeed, in a
study of nearly 200 KTR and HTR with SCC, the first SCC
was shown to be predictive of subsequent multiple NMSC,
since 100% of HTR and 88% of KTR developed multiple
new tumors within the 5 years following the first SCC (10).

SCC seem to be more aggressive, may grow rapidly, recur
locally in 13.4% of patients and metastasize in 5-8% of
them. However, the rate of deaths specifically related to
SCC is not precisely known. Furthermore, a 18.6% rate of
extracutaneous tumors was recently reported in patients
with SCC, thus confirming previous results showing that
OTR with skin cancers had more second primary cancers
than those without (11). This is in keeping with the finding
that SCC is the tumor associated with the highest risk for
a second primary cancer in men.

Risk Factors

Whereas OTR share similar determinants with immuno-
competent individuals, their specific tumor burden appears
to be linked to the type, dosage and duration of immuno-
suppression. The most important predisposing factors in-
clude fair color of the skin, eyes and hair and susceptibil-
ity to sunburn. Cumulative ultraviolet radiation (especially
UVB) is the primary responsible carcinogen for the induc-
tion of NMSC, as suggested by the fact that the lesions
almost exclusively appear on UV-exposed skin sites and are
more numerous in patients living in sunny countries; how-
ever, it was recently shown that even after the first SCC,
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the rate of subsequent NMSC can be decreased if patients
change their behavior and protect themselves from the sun
(10).

Age is also an important risk factor: in both KTR and HTR,
the risk ratio was reported to be 12-fold higher in patients
receiving grafts beyond age 55, compared to patients with
grafts received before the age of 34 (7). While the higher
prevalence of NMSC in HTR has long been thought to be
due to greater immunosuppression, it seems that the older
age of HTR at transplantation is the main reason (2,6,7).
Indeed, the dosages of immunosuppressants in HTR and
KTR at the occurrence of skin cancer were recently found
to be similar (10).

Duration of immunosuppression seems to intervene on
the multiplicity of lesions since the number of lesions
per patient over the same follow-up period is significantly
higher in KTR versus HTR (10). This could be due to the
younger age at transplantation of KTR, who have a longer
exposure to immunosuppression at the occurrence of the
first SCC. Patients older at transplantation, even if they
develop the first SCC sooner, have a shorter immunosup-
pression time at the first NMSC and are more similar to
the general population.

Further risk factors include history of skin cancer prior to
transplantation, male sex and various genetic factors such
as polymorphisms in glutathione S-transferase, interleukin
10, the folate pathway, vitamin D receptor genes, several of
them being possibly related to skin type (12). Among them,
the pb3 tumor suppressor gene is the most frequently mu-
tated in skin cancers. Mutations of p53 have been detected
immunohistochemically as p53 patches in normal-looking
skin in OTR. The frequency of these patches, which repre-
sent microscopic precursors of SCC, can serve as a good
marker for SCC risk (13) and supports the concept of ‘field
cancerization’. There is some evidence suggesting that pre-
transplant disease may influence the risk of posttransplant
NMSC but conclusive studies are limited. Skin cancer risk
was found to be decreased in KTR with diabetes and in-
creased in KTR with polycystic kidney disease (3,7,14)
and in LTR with cholestatic liver diseases and cirrhosis
(7,8).

The favoring role of various factors including dialysis, smok-
ing and alcohol is still debated (8,9). Human papillomavirus
infections are obviously associated with an increased risk
of skin cancer, although their mechanism of action remains
under intense investigation.

Role of immunosuppressive agents

The role of immunosuppressive treatment in the occur
rence of NMSC is widely recognized. Skin cancers result
both from a decrease in immunosurveillance and from the
direct oncogenic effects linked to some immunosuppres-
sants (15), although it is difficult to know which mechanism
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predominates. The incidence of NMSC has been shown to
be proportional to the level of immunosuppression, as CD4
counts are significantly lower in OTR with NMSC versus
those patients without such malignancies. An indirect ev-
idence of immunosuppressive load is the higher risk of
skin cancer in patients with poor renal function (serum cre-
atinine levels at 1 year >150 vmol/L) who require higher
immunosuppression, and the lower risk in patients with a
living donor (5) who generally receive less immunosup-
pression. In several studies, patients receiving triple im-
munosuppression (cyclosporine [CsA], corticosteroids and
azathioprine or sirolimus [SRL]) were found to have a three-
fold increased risk for NMSC, as compared with patients
taking two immunosuppressants (corticosteroids and aza-
thioprine or SRL) (1,16,17). A b-year prospective study
showed that low-dose CsA regimens were associated with
a lower incidence of tumors than was standard therapy
(11). The effect of immunosuppression seems to be re-
versible since a decrease in new tumor development has
been reported after reduction or cessation of immunosup-
pression in patients who return to dialysis, in those with
aggressive SCC or those who have a first SCC (10,16). The
increased risk of acute rejection linked to the reduction of
immunosuppressants is difficult to assess because the de-
gree of immunosuppression may be different with similar
drug dosages, depending on patients’ individual sensitivity.

The results of several studies suggest that calcineurin in-
hibitors (CNI) have oncogenic properties mainly linked to
the production of cytokines that promote tumor growth,
metastasis and angiogenesis (15). By contrast, mTOR in-
hibitors (mammalian target of rapamycin) including mainly
SRL and everolimus, may have antitumoral properties by
blocking angiogenesis. Most of these studies have been
performed on nonskin tumors and are reviewed in another
article, therefore, we will focus here on aspects related
specifically to skin cancers. The interaction of UV with
different immunosuppressants has recently gained spe-
cific attention. Azathioprine sensitizes cells to UVA-induced
damage. The active metabolite of azathioprine is incorpo-
rated into cellular DNA and has been shown to gener
ate mutagenic reactive oxygen species when exposed to
UVA light (18). Foci of epidermal cells expressing mutant
p53 were found more prevalent in KTR under azathioprine
than in immunocompetent patients in normal skin adja-
cent to carcinomas (13). Recent studies have assessed
the influence of ‘newerage’ immunosuppressants in var
ious combinations on UVB-induced skin carcinogenesis
(19,20). Mice treated with CsA or Tacrolimus (TAC) devel-
oped larger tumors than vehicle-treated mice. Malignant
tumors were the most prevalent tumors in CsA-treated
animals. Mycophenolate mofetil (MMF) treatment alone
had no effect on tumor number or size. The addition of
MMF to CsA, but not to TAC, significantly reduced tumor
size. Although mice treated with SRL alone or in combi-
nation with CsA or TAC developed more skin tumors than
those treated with vehicle or other immunosuppressants,
the tumors were significantly smaller. In this same study,
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SRL was shown to reduce tumor size through effects on
inflammation and angiogenesis (19).

Prospective clinical studies suggest that mTOR inhibitors
could have a preventive action on cancerogenesis; indeed,
KTR treated de novo with these molecules had a lower
incidence of malignancies, especially cutaneous ones, as
compared with those treated with CNls (14,17,21). These
antitumoral properties reportedly manifested also after the
occurrence of cutaneous malignancies. A striking example
is provided by a KTR with Muir-Torre syndrome in whom
the administration of a TAC-based regimen led to the erup-
tion of multiple sebaceous tumors. Conversion to a SRL-
based regimen resulted in tumor regression. Because of
SRL side effects, the patient was switched back to TAC and
new facial lesions rapidly appeared; reconversion to SRL
again halted the appearance of additional lesions (22). How-
ever, it is mainly in the setting of posttransplant Kaposi's
sarcoma where switch to mTOR inhibitors has been as-
sessed. The first studies reported regression of Kaposi's
sarcoma after switch to SRL, although this course might
have been favored by the withdrawal of other immuno-
suppressants. Additional data with a longer follow-up have
shown that Kaposi’'s sarcoma may relapse under SRL; be-
sides, some patients are nonresponders (23). Drug resis-
tance may develop due to acquired mutations to mTOR
or FKBP12, preventing SRL from binding to mTOR; alter-
natively, tumor cell proliferation could become dependant
on other molecular pathways. This may explain why three
Kaposi’'s sarcoma patients of this series (23) experienced
cancer onset or progression (including primary effusion
lymphoma, lung and breast cancers) while receiving SRL.

Conversion to mTOR inhibitors has also been reported in
small noncontrolled studies of KTR with NMSC (24,25).
The number of new skin tumors was found to decrease,
but the follow-up was short.

Treatment (Table 1)

The management of NMSC depends on the type and the
numbers of lesions (Table 1). In all OTR with suspected
or biopsy-proven invasive SCC and BCC, surgery with
histology-controlled margins is the gold-standard therapy.
Whereas full body examination is mandatory in all derma-
tological checkups, it necessarily includes examination for
cutaneous satellite lesions and palpation of draining lymph
nodes in OTR with SCC (26).

The areas of ‘field cancerization” account for a vast major-
ity of the NMSC-related morbidity and mortality and have
become the key target of most dermatological initiatives
to reduce the skin cancer burden in OTR (27). The most
important clinical implication is that unspecific destructive
therapies of individual primary lesions with surgery,
cryotherapy, curettage or laser do not usually prevent
the occurrence of new cancers or of local recurrences.
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Table 1: A scheme for the management of nonmelanoma skin cancers in organ transplant recipients

Actinic Invasive squamous Basal cell
keratosis Management cell carcinoma Management carcinoma Management
Mild - Sunprotective Clinically less - Sunprotective measures Superficial - Sunprotective measures
(< 5 AK) measures aggressive - Treatment of field (sBCC) - Therapies for superficial
- Lesion-adapted e Small size cancerization BCC
destructive therapies e Slow growing - Complete removal e 5-Fuorouracil
o Cryotherapy o Well-defined margins (consider Mohs’ © 5% Imiguimod cream
o CO2 laser o Nonulcerated micrographic surgery) e Photodynamic therapy
o Electrocautery/ - Systemic therapies - Complete removal
Curettage Revision of immuno- (consider
- Consider field-adapted suppression Mohs'micrographic
therapies surgery)
Moderate  See above plus: Clinically aggressive See above plus: Nodular and See above plus:
(> 5 AKin - Field cancerization e Large size + location - Consider sentinel lymph other non - Consider revision of
< 100 cm? therapies e Rapid growth node biopsy + dissection sBCC immunosuppression
area) e 3% diclofenac in e Poorly defined - Consider systemic
2.5% hyaluronic margins retinoids
acid gel o Ulcerated
e 5% Imiquimod cream
o 5-Fluorouracil
e Photodynamic
therapy
- Consider revision of
immunosuppression
Severe See above plus: Histologically See above plus:
(> 15 AK/ - Systemic therapies aggressive - Sentinel lymph node
>100 cm?) e Revision of o Poorly differentiated biopsy =+ dissection
immunosuppression e Invading - Consider systemic

e Systemic retinoids

subcutaneous fat

retinoids

e Perineural invasion

This leads to a repetitive and often frustrating cycle of
destructive treatments. Since immunosuppressed pa-
tients have a highly accelerated rate of AK development
and progression into invasive SCC, those management
strategies that counteract the effects of systemic im-
munosuppression (via the induction of a locally restricted
tumorspecific immune response, the induction of apop-
tosis in dysplastic keratinocytes or the use of phototoxic
agents) provide the advantage of treating large clinical and
subclinical lesions in UV-exposed areas. Topically applied
imiquimod, 5-fluorouracil, photodynamic therapy and 3%
diclofenac gel are promising noninvasive alternative treat-
ment modalities applicable to larger treatment areas (27—
30). Systemic retinoids (initially etretinate that has been
replaced by its active metabolite, acitretin) can be used for
chemoprevention of NMSC in OTR since they reduce the
number of preexisting AK and slowdown the development
of new lesions. Their effect is only exerted during ther
apy and long-term use may be limited by side effects. The
treatment should be started at a low dose (10 mg daily that
can be increased to 30 mg), and patients should be moni-
tored for serum triglycerids, cholesterol and transaminase
levels. Topical retinoids (mainly tretinoin) reduces actinic
keratoses and can be given alone or in association with
acitretin (31).

New Immunosuppressive Strategies
for Skin Cancer

Immunosuppression revision is widely accepted for Ka-
posi's sarcoma, but is more debated for NMSC. On the
other hand, there are currently no guidelines available
defining which threshold of cancer development neces-
sitates modification of immunosuppression. However, it
seems reasonable to consider revision of immunosuppres-
sion as an adjuvant therapeutic option not only in patients
with multiple and/or aggressive SCC, but also at the occur
rence of the first SCC because of the high rate of subse-
quent NMSC and other nonskin cancers. This could also be
discussed for patients who have not yet had SCC, but who
have developed multiple AK, Bowen'’s disease or BCC. The
best way to reduce immunosuppression (‘minimization’) in
OTR with NMSC is also a matter of discussion; in a ret-
rospective study, changing one or several drugs in various
regimens led to 24 different patterns of minimization (10).
Considering that reduction of immunosuppression is asso-
ciated with a lower incidence of skin cancer (and a higher
risk for rejection), together with reports suggesting SRL
may be associated with less skin cancers, the current chal-
lenge is to determine if conversion to mTOR inhibitors is
a better option than minimization for patients with NMSC.
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Patient entering the waiting list

AK = aclinic keratoses

SCC = sqguamous cell carcingma
BCC= basal cell carcinoma

MM = malignant meélanoma

+ Advice on sun protection
» Dermatological evaluation

* Information about dermatological complications after organ transplantation

* Treatment of all dermatological malignancies (and infections)

DN = dysplastic mev
.............................................. E Organ transplantatio E..................................................
» Dermatological evaluation
+ Aftercare interval allocation according to
individual risk-factors
|
Low-risk group Intermediate-risk group High-risk group
+ No history of cutaneous + History of cutaneous + History of cutaneous invasive
malignancies malignancies malignancies
+ No sun damage « Severe sun damage - Severe sun damage
+ No AK, SCC, BCC, DN or MM + AK and/or multiple DN * Multiple AK andfor DN
+ No SCC, BCC or MM {past or present) + SCC, BCC, or MM following in-sano
therapy

l

Dermatological examination
evary 12 months

every 6 months

Therapy + dermatological examination

Therapy + dermatological examination
every 3 months (or more under therapy

or if in-sano therapy was unfeasible)

Figure 2: A scheme for dermatological evaluation and aftercare in organ transplant recipients.

These promising results could be hampered by SRL side
effects that seem to be more frequent when SRL is
given to patients immunosuppressed for several years.
Mucocutaneous side effects (including mainly edema and
mouth ulcers) are frequent (32) and may lead to SRL
discontinuation.

Several statistically powered randomized prospective tri-
als are ongoing for testing the potential antineoplastic
effects of mTOR inhibitors on NMSC in OTR (www.
clinicaltrials.gov). The TUMORAPA trials include patients
with one or several SCC and compare one arm maintained
under CNIs with a second arm where SRL substitutes for
CNIs. In both groups the dosages of immunosuppressants
are tapered to moderate levels. The RESCUE study also
recruits patients with SCC, including those either under
or not CNls, and compares patients maintaining their ini-
tial treatment with those taking only corticosteroids and
SRL. The PROSKIN trial, and the NCT00129961 studies
also include patients with various and precocious NMSC,
including AK and Bowen's disease. \WWhereas most trials
completely discontinue CNlIs in the test arm, the PROSKIN
study also allows a combination of SRL with previously ap-
plied CNIs in a reduced 50% dosage. New studies using
everolimus have also been initiated in France and Germany
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for HTR with NMSC. Of note, all the aforementioned stud-
ies assess the burden of new skin tumors, as well as graft
and patient survival, over at least 2 years.

Prevention

All candidates for transplantation should receive a skin can-
cer risk factororiented assessment before entering the
transplant waiting list. Posttransplant aftercare should be
individually adjusted to prevalent extrinsic and intrinsic risk
factors and must include oral and written information on
skin cancer prevention, detection and treatment modalities
(Figure 2). In order to reduce the risk of progression into in-
vasive SCC, we recommend that all AK should be treated.
Following strong evidence of subsequent skin cancers, the
first SCC serves also as a predictive marker for multifocal
tumor development and defines high-risk patients (10).

OTR have the possibility to reduce their NMSC risk by
avoiding sun exposure, through sun-protective clothing
and the use of sunscreens. However, due to various rea-
sons including cost (sunscreens are generally not reim-
bursed by health insurance systems) and dislike for sun-
screens (greasy, whitening effect, impractical in a work
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environment), OTR are poorly compliant with their use.
Modern sunscreens combining high protection and cos-
metic acceptance offer a new alternative. A recent case-
control study showed a decrease of AK in a patient group
that was provided with a low-fat liposomal sunscreen giv-
ing a high protection level for UVA and UVB. No new in-
vasive SCC occurred in the sunscreen group, while the
patient group not supplied free sunscreen showed an
increased incidence of AK and invasive SCC over the
same period (33). Education about skin cancer risk, and
compliance with photoprotective measures, have indeed
improved with proper dissemination of information in spe-
cialized dermatology clinics for OTR (34). Undoubtedly, re-
ducing skin cancer in OTR will depend on better patient
education and improved coordination with dermatologic
clinics.
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