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Introduction

There are believed to be more than 1 million individuals worldwide currently with
an organ allograft [1], and a further steep increase in numbers is expected in the
next decade. The life-enhancing benefits of organ transplantation are undisputed, but
come at a cost. Complications from graft-preserving iatrogenic immunosuppression
include a significantly increased risk of malignancy. More than 40 primary malig-
nant neoplasms were reported in the first 4,000 patients to undergo renal transplan-
tation [2], and this early observation has been consistently supported by subsequent
studies [3-7].

The overall risk for any cancer is reported to be two- to sixfold greater than in
the general population, although for many common cancers, including lung, colon,
breast, and prostate, the risk is small or is not increased [6-9]. In contrast, there
is a disproportionate increase in the incidence of four tumour types, namely, ker-
atinocyte cancers (KC) (comprising basal cell carcinoma and squamous cell carci-
noma), post-transplant lymphomas/lymphoproliferative disorders (PTLD), anogen-
ital dysplasias, and Kaposi’s sarcoma, with smaller but significant increases in hep-
atocellular and renal cancers and some sarcomas [3, 6,8, 10-12].

In Caucasian adults, KC are overwhelmingly the most common post-transplant
tumour [4]. KC are also the most frequent malignancy following paediatric renal
transplantation and the second most common (after lymphoproliferative disease)
after other transplantations in children [13, 14]. Different post-transplant cancer
patterns are seen in other populations. For example, Kaposi’s sarcoma is the most
common post-transplant skin tumour among organ transplant recipients (OTR) from
endemic areas, such as around the Mediterranean and sub-Saharan Africa, or in
those of Caribbean origin [5]. Similarly, Kaposi’s sarcoma is the most common
post-transplant malignancy in Saudi Arabia [15, 16], whereas urogenital cancers
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and hepatoma are the most common malignancies in Taiwan [17, 18]. In a cohort
of 542 renal transplant recipients (RTR) from South Africa, the incidence of overall
cancer was comparable in white and non white patients, but although KC was the
most common cancer in whites, Kaposi’s sarcoma was the most common cancer in
non whites, in whom it accounted for almost 80% of all cancers [19].

Accumulating evidence suggests that tumours that occur at high frequencies in
the transplant population are those associated with a viral aetiology; anogenital can-
cer is unequivocally associated with human papillomavirus (HPV) infection (specif-
ically, high-risk mucosal types such as HPV 16), non-Hodgkin’s lymphoma with
Epstein—Barr virus, and Kaposi’s sarcoma with human herpesvirus 8 [9]. The viral
aetiology of such tumours of the skin is described in later chapters.

Keratinocyte Cancers

Keratinocyte cancers (KC) are the most common cancers in fair-skinned individu-
als [20-22], and the two main types, basal cell carcinoma and squamous cell car-
cinoma, are clinically and histologically distinct. Basal cell carcinomas (BCC) are
slow-growing tumours that arise de novo and rarely metastasize [23—26]. Squamous
cell carcinomas (SCC) grow more rapidly, are associated with Bowen’s disease
(carcinoma in situ) and with precursor lesions, namely, actinic keratoses (AK), and
have a potential for metastasis [27,28]. BCC are considerably more common in the
general population than SCC, with a BCC/SCC ratio in the UK of about 4:1 [29],
and also in Australia of 4:1 in 1985, but lowering to 2.5:1 in 1995 [30].
Epidemiological data and laboratory studies strongly implicate ultraviolet radi-
ation (UVR) as the major aetiological factor for KC (reviewed in [31]) and world-
wide, the incidence has been increasing dramatically since the 1960s, with an annual
increase of 3% to 8% in white populations [29, 30, 32-35], probably as a conse-
quence of greater affluence, sun-seeking behaviour, and ageing populations [36].
More than 1 million cases per year are recorded in the United States [28,37] and
more than 44,000 cases per year in the UK, although precise estimation of inci-
dence trends is very difficult, because KC are not recorded by the majority of cancer
registries [38—40]. Based on rates in South Wales where accurate local skin cancer
registration does exist, incidence is estimated at up to 265.4 per 100,000 [29]. This
rate would equate to 100,000 cases per year in the UK at large, substantially more
than the registered 44,000 cases. Although mortality is low [39], KC are a cause of
significant morbidity and a major burden on health care resources [31,39,41,42].

Region-Specific Factors in the Epidemiology of Post-Transplant
Skin Cancer

Historically, the earliest report of increased cutaneous SCC in OTR came from
Australia in the early 1970s when Walder and colleagues reported 7 patients with
KC in a group of 51 RTR immunosuppressed for up to 6 years [43]. Many more
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SCC than BCC were diagnosed, substantially reversing the ratio seen in the general
population. Further reports of KC in transplant patients from the United States and
Australia followed [44-51]. These reports confirmed the predominance of SCC over
BCC, and many additionally demonstrated a progressive increase in KC incidence
with duration of immunosuppression. In fact, many early studies had reported no
increased risk for BCC [43,47,50], but later studies indicated an excess risk for
BCC, of the order of 2- to 10 fold [51-53].

Reports of skin cancer in RTR resident in temperate climates appeared later in
the literature. Review to the end of the 20th century shows an excess risk for KC
reported from Scandinavia [54,55], the Netherlands [53], Britain [3,50,56-58], and
Ireland [59]. Again, a predominance of SCC was found, but many also reported an
increased incidence of BCC, especially in populations from southern Europe in Italy
and Spain [60, 61]. The overall risk of KC in transplant recipients was reported as
4 times that expected in the Irish population [59], 7 to 17.6 times that expected in
Scandinavia [54,55], and up to 250 times that expected in the Netherlands [53].

Variability of estimates between these studies is likely to reflect many factors,
including the case mix of the populations and differences in race, skin type, age,
UV exposure, and mean duration of immunosuppression, as well as differences in
the methods employed to estimate the occurrence rates of KC. Some studies have
reported incidence, others cumulative incidence, others relative risk or the factor by
which KC incidence is increased in OTR compared to a specified reference pop-
ulation. Other studies did not report the statistical methods used. One of the main
difficulties is the lack of high-quality population-based studies based on national
cancer registries and calendar period-specific incidence rates in the general pop-
ulation. Here the Scandinavian countries and Ireland have a great advantage with
the reliable reporting of cutaneous SCC (reporting of BCC is more problematic)
to a comprehensive national cancer registry [8, 10, 62—64]. In many (most) other
countries there are no accurate comparison rates for skin cancer risk in the general
population because of their lack of registration. Reporting only the first of multiple
tumours in any one individual leads to further underestimation of the true incidence.

We have undertaken a systematic review of all available reports in the literature
of skin cancers in solid organ transplant recipients, and reviewed those in which the
baseline characteristics have been clearly stated and the authors have reported either
a cumulative rate of skin cancer or an incidence rate or a relative risk. Despite the
lack of comparative regional data, it has been possible to draw some conclusions
about the epidemiology of skin cancers in transplant recipients in different regions
of the world.

Search Strategy

An extensive literature search was performed in PubMed using synonyms for rele-
vant words of the clinical question: “What is the incidence of skin cancer post-organ
transplantation?” First, a combination of “skin cancer” and “transplantation” (both
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as subheadings) was made in which “transplantation” was matched to the subhead-
ing “adverse effects and/or complication.” Only English articles were included, and
case reports and editorials were excluded, resulting in 448 articles. To include arti-
cles reporting malignancies in general without skin cancer as a subheading, “trans-
plantation” (matched to “incidence”) and “malignancies” were combined, which
resulted in 501 articles. Finally, a broad selection was performed (7,786 references)
using various terms for “skin cancers” combined with terms for “transplantation”
matched to “incidence,” resulting in an additional 428 articles. Full details of search
synonyms are given in Box 1 (see Appendix).

After exclusion of duplicates, a total of 1,377 articles remained. A selection was
made using title and/or abstract, resulting in 329 articles that appeared to match the
clinical question of the incidence of skin cancer post-solid organ transplantation.
For these 329 articles, full texts were evaluated and scored (A, B, C, D, or no score)
where A was a “good article” with cumulative rate of skin cancer given and B was
a “sufficient article” without cumulative rate of skin cancer, but with incidence rate
or relative risk given. The full scoring system is given in Box 1 (Appendix). Only
data from “A” and “B” articles have been used for the tables and graphs shown in
this chapter. Complete details on “A” and “B” articles are available at the SCOPE
website: http://www.scopenetwork.org/.

Summary of the Evidence

Data from 58 “good” or “sufficient” articles (scoring “A” or “B”) were used to
compare the incidence of skin cancer after organ transplantation in Australia,
USA/Canada, southern Europe, and northern Europe. Comparative rates for SCC,
KC, or BCC are shown in Table 1a—c, respectively. Table 2 documents the relative
risk of SCC and BCC where this has been directly compared in the same population
using the same epidemiological methods. Table 3 shows reported SCC/BCC ratios
according to organ transplant type (heart, kidney, liver). Cumulative incidences from
different regions of the world are shown graphically (Fig. 1), with population-based
standardized incidence ratios (SIR) for SCC and BCC in Fig. 2.

Discussion

The influence of organ and pretransplant diseases on post-transplant malignancy has
already been addressed (see preceding chapter by Euvrard and Claudy). Here we
focus on the epidemiology of post-transplant skin cancers with reference to region-
specific factors. Most of the population-based studies examining the incidence of
post-transplant skin cancer pertain to populations of northern Europe, Australia,
and the United States, whereas most of the studies from developing countries have
not been population based and the number of patients and years of follow-up are
limited. Consequently, there is an absence of good comparative data. It is apparent
that the highest incidence rates have been reported in Australia [65-67], whereas



79

Epidemiology of Transplant-Associated Keratinocyte Cancers

N)IS-UI-BWOUIOIRD
Surpnpoxy (2°9¢-€°0¢) £°€€
(bP1-82) OL
(€£9-05) 95

udwom (911-€L) €6

uauw (£71-66) 601
s(ITET-TH) 9L

(€'LT-LvD €0C

(16-€L) T8

(PEE-TLID) €8T
(0L—€€) 6t
(zooo=d 9

(0T—L1) 81
(€6-6'6) ¥'9¢

(ID %66) 2ouaprour pajoadxa
0] PAAISSQO JO 10, O1BY

Il

06

I'e
Sl
934
St
11
[43

1L
9L

6¢

6L

183K/0001
/2udprouy

URIPIN (9T—0) L'S
BN (€2-0) 9°L
UeIpIN (61-S'1) 1°S
uedN (12-1) L'8
uedq (L2-0) 89

ued\ (+2-0) 9°S
a3uer ATuQ (91-¢)
ueIpa\ (97—€°0) 0%
uerpa\l (01-2°0) §'C
ueIpd\l ($1-6°0) TS
uedA (S'6-1°0) 9°€
UBIPIIN 6°C

UBIPIN 0°¢

UBIPIN (91-0) TL'S

uedN (€2-0) S'L
uedN (12-1) L'8

UBIN (S°6-1°0) 9°€

URIPIN (€1-5°0) §°S

(s189K)
dn morjoy jo yISuag

8SS1T
6L6
LI
oL
1€6S

9¢¢eS
6cl
2901
L9T
OLI
6
SLO8
7658

86S1
6L6
oL
0201
1%
6
£cs
Sov
00

syuaned
JOON

Kaupry
Koupry

IOAT]
Koupry
Koupry

Koupry
Koupry
Aaupry
1Iedy
REINI|
1Ry
JOAT]
1Iedy

Kaupny
Koupry
Koupry
Kaupry
Aoupry

JIeOH
Koupry
Ksupry

JIeOH

juerdsuer],
Jo odAT,

900¢
00¢
100C
0661
£00¢

000¢
7861
000¢
000¢
€00¢
S661
S00¢
S00¢

900¢
¥00¢
0661
000¢
9661
S661
9861
LL61
6661

IB9X

KSuoToIAl
vopiog
rws3eey
J[oAdNIBH
arepy

Jolepury
uyorg
IPIEN
IPIEN
OJoLIOH
euedsyg
DO
IElile)

KQUOTOIAl
voplog
J[oAIBH
pUSEts)
Ouru3eIuOA
euedsyg
eidno
[[91XOH
3uQ

sioyny

pueyaIy
3N

Spue[IoyIoN YL
SpUBLIAYION UL
uopomg

uapams
uapams

KB

o1

uredg

uredg

vsn

vsn

@

pueaIg
wop3urs] payru
SPUBLIOYION Y],
KemION

Aol

uredg

epeue)

vsn

eI[RISNY

(®)

Anuno)

sstuardroar juerdsuen uesio ur DO Jo Ysu (9) ¢ gsjuardroar juerdsuen) uesio ur J3f Jo ysui (q) ¢ syuardroar juedsuen uesio ut DO Jo Ysry (e) I dqEL



C.M. Proby et al.

80

"porewnsy 5

‘uone[ndod [eroudd (oyroads 93e) yy ur sousproul pa3oadxa sy £q papIalp sjusned pajuerdsues ur sousproul (OY1oads 93e) paarsqQ DD

cuonendod

[e1oudg,, se sjuoned siserosd pasn awyorg uonendod [e1ouad oyy ur ousprour pajoadxa oy Aq papialp sjuened juejdsuen ur duIPIOUT PIAISQO DY -
‘uone[ndod [e1oudd oy ur doudprout paoadxe ayy Aq papratp syudned juedsuen ur SOUSPIOUL PAAISAQ DDS p
£19quINU (0N {[BAIIUI OUIPYUOD) D) ‘BWOUIdIRD [0 [eseq DD ,
“I9quInu 0N {[BAISIUI 20USPYUOD) [ {SIOURD) UG AKd0uneIdy] DY 4
L19qUINU (0N {[BAISIUT 9OUIPYUOD) D) ‘BWOUIdIRD [[99 snowenbs :DDS ,

(81-¥1) 91

(S1-9) 01
oo=4d) L¢
@TT-LOVv1
(6'6-L°0) ¥'€

(1D %6S6) 2ouaprour pajoadxa
0} PAAIASQO JO 1., 0NEY

C
e

9T

LTl

1e3K/0001
/aouaprouf

UBIPSIN (91-0) L'S 86S1
UBSIN (€2-0) 9'L 6L6
uedN (12-1) L'8 9L

768
UBdN (S'6-1°0) 9°€ 6
€Cs
sov
UBIPOI (E1-6°0) 'S 00t
(s1eak) syuaryed
dn mofjoy jo y3uog JooN

(ponunuoo) T aqey,

Kaupny
Koupry
Koupry
Kaupry

1IROH
Koupry
Koupry

1eOH

juepdsueiy,
Jo odAJ,

900¢
¥00¢
0661
9661
S661
9861
LL61
6661

Teox

KQUOTOIAl
vopiog
J[PAdIRH
ouru3ejuoA
euedsg
eidno
[[93XO0H
3uQ

sioyny

puejaIy
wopsurs] payru
SpUBLIAYION UL
Ameir

uredg

epeue))

vsn

erensny

()]

Anuno)



81

Epidemiology of Transplant-Associated Keratinocyte Cancers

‘uone[ndod re1ouad (oyroads o3e) oy ur eouaprour pajoadxe oy Aq paprarp syuaned pajueidsuen ur souaprour (oyroads 93e) paAIasqQ,
tsyuaned d Lroquunu 0N {[BAISIUI QOUIPYUOD) D) ‘BWOUIIIRD [[39 [eseq DD ‘BWOUIdIED [[99 snowenbg :DDS

(81-¥1) 91
($1-9) 01
(zoo=d) L¢
OT-LO) t'1
(66-L0) '€

004 (1D %S6) 2dusprout
Pa30adxo 0) poAIasqo jo ,oney

(16—€L) T8
(PEE-TLI) €8T
(zooo=d) 9

(0T-LD)8I

(€6-6'6) 9€

D0 (ID %S6) 2ouaprour
ﬁQHOQQXD 0] PAAIasSqo JO 0ney

DO JO YSH dATRIAI Y Paredwioo DS Jo YSH ALY T IqBL

ueIpaAl (91-0) L'S
ued\ (12-1) L'

(s1eak) dn morjoy y)Sua

86S1
oL
1%
€S
Sov

yd Jo oN

900¢
0661
9661
9861
LL61

IB9X

KSuo[oIA pue[aI]
J[ASLIEH SpPUB[IOYION UL,
ourugejuoN KB
eydno epeUR)
[[®IXOH vsn

syuardroar yuerdsuen euay

sioyIny Anuno)



C.M. Proby et al.

82

UBdIN 8°/
eI (T1-9°¢) T'L
UBN (1-9%) 1°6

as—/+uesN 91-+¢) ¥'6
UBSIN €°€
U €°G

UBIPIN T
UBIN (6'8—€°0) 9%

UBdN C°6

BN 9°C
UBIIN ¢°¢

(s189K)
uorjejuasard
0) QWII} UBOIN

UBIN (2'9-90) ¥'v
ueIpIN (61-S'D 1°S
UBIPIA (L'8-9°€) 8'S

ueIpaN (91-0) L'S

eI (£2-0) 9°L

a3uer ATuQ (Z1-0)

eI (12-1) L'S

IeapoUN

ueIpd (92—62°0) 0'F
as—/+uesN (Z1-6°0) €9
uerpaAl (L' 11-1) 0'9
UBIIA €9

uaAIS aSuer Afuo (9z<-0)
UeIpIN (1°€1-€0) 'L
ueIpd\l (€'+—0) 0°S

uBIN (9°G1-0°€) 1°6
UBIpIN (01-C°0) S°C
UBIN (Z1-1°0) 9'F
uBd (S'6-80°0) 9°€
UBAA 'S

UBIPIN (€1-6°0) §°S

(s189K)
dn moroj
Jo p3ua

81
Sl

e

9°¢
6'S

1c
0l

4

LYy

SIdued Jo

(%
91
(%

9¢
(33
9¢
9°¢
¥
9C
01
L0
L1
e
0c
6C

[
I'r
vl
Sl
98
0¢

oner

ouued]N - 5Dd/D0S

L1
69
0l

8'v
9

L9

[4¢
v
(44
(%S
4

1c
98
91
91
Ll
8¢

oM d %

SoneI /OIS € dqEL

888
VLI
LEL

86S1
6L6
86S
oL
08¢
2901
€6L
VL1
G381
0l¢
19¢
8601

0€T
L9C
00¢
6

8¢
00

1d Jo oN

‘onel 5HE/DDS “UONRIASD plepurlS :dS
$100UEd Unys 9Koouneidy e Y sjuaned Jo a8eiuadiad D 1d 95 (s190ULd UDYS AKOOUNLIY DY
ssyuened :3d froquinu (0N ‘BWOUIOIRD [[90 [eseq DD ‘BWOUIdIRd [[90 snowenbg :)DS

8661
100T
100¢

900¢
¥00¢
6861
0661
S661
000¢
£00C
£00¢
S00c
€00¢
200¢
9661

¥00¢
000¢
000c
S661
8661
6661

IBOX

K113 3N
ewsSee  SPUBMIOUION U],
[orx uredg
sjuardidaa juedsuery J9AI|
KouololN pueyaIy
eoplog 3N
UOISUIPPI'] SN
J[9AIBH SpUBIOYION
pIreiang Qouel]
PN Areap
UQDIBIA uredg
quuan uredg
BSOOJA BOLIJY INOS
[1o1re) eIensSny
Keswrey BIfENSNY
Yourseq somnog BIfENSNY

sjudrdaa juejdsuer) [euay]

BUT)IO 81
PN Areap
oroje) 81
euedsyg uredg
soxdure | vSsn
3uQ BI[EnSNy

sjudrdaa juejdsuer) Jaedl

sioyIny Anuno)



Epidemiology of Transplant-Associated Keratinocyte Cancers

83

80 Squamous Cell Carcinoma Basal Cell Carcinoma
70 4
60
3
8 50+
c
[
=]
o
£ 40+
[
=
=
5
S 30
E
3
o
20 4
10
04
T T T T T T T T T T T T T T
1 5 7 10 15 20 >20 7 10 15 20 >20
(years) (years)

o Hartevelt et al., Kidnev (1990, The Netherlands)
O Webb et al., Kidney (1997, UK)
4 Bouwes-Bavinck et al., Kidney (1996, Australia)

* Espana et al., Heart (1995, Spain)
@® Ramsay et al., Kidney (2002, Australia)
m Jensen et al., Kidney (1999, Norway)

+ London et al., Kidney (1995, UK)

B Jensen et al., Heart (1999, Norway)
x Fuente et al., Kidney (2003, Spain)

Fig. 1 Cumulative incidence

KC is reported infrequently in darker-skinned communities from developing coun-
tries. In developing countries, the overall incidence of any post-transplant cancer is
generally much lower, with one review finding that only around 5% of 15,825 OTR
developed malignancy compared with around 14% of 36,628 OTR from developed
countries [19]. Japan and Taiwan seem to differ from both Western countries and
the developing world. Two recent studies report little or no KC and no Kaposi’s
sarcoma [18, 68]. There was one study from South Africa examining skin cancer in
542 RTR [69], but no others from developing countries with data on KC, perhaps
reflecting its rarity in these populations post transplantation. This finding accords
with the data from South Africa, where skin cancers excluding Kaposi’s sarcoma
were seen only in patients of European origin [69].

An Increased Incidence of Post-Transplant SCC Occurs
in All Areas of the Developed Western World and Is Highest
at Low Latitudes

Studies throughout the Western world confirm a greatly increased incidence in cuta-
neous SCC after organ transplantation and consistently show that this risk increases
with duration after transplantation (see Table 1a, Fig. 1). The highest risk is seen
for heart transplant recipients in Australia, where an incidence of 379 per 1,000
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person years at risk has been recorded [66]. Similarly, Bouwes Bavinck [65] and
Ramsay [70] found equivalent high risks for SCC in the subtropical/tropical Aus-
tralian state of Queensland, with a cumulative incidence at 20 years of 60% and
75% for those transplanted over 20 years (Fig. 1). Another study from Australia
reported lower than expected rates, namely, a cumulative incidence of 38% for
SCC at 20 years or more post transplant [71], but this was not a true incidence,
rather a predicted incidence based on the number of skin cancers recorded between
two different time points using data acquired from the ANZDATA cancer registry.
Furthermore, the ANZDATA cancer registry lacks completeness for skin cancer:
A previous study found ANZDATA failed to report 28% of post-transplant skin
cancers [70] and recorded only the first episode of SCC (or BCC) post transplant.
A study from Spain [72] gave only cumulative incidence up to 10 years post
transplant but showed high rates of increase similar to those observed in Australia
(see Fig. 1). Studies from the UK [73] and The Netherlands [53] found lower
20-year cumulative incidence rates for SCC, 30% and 35%, respectively. Indeed,
Australian rates were consistently higher than rates reported in diverse European
centres for which incidence or relative risk estimates were available (see Table 1a).
Studies from Spain, UK, and The Netherlands found an incidence for SCC of 29 per
1,000, 71 per 1,000, and 7.6 per 1,000 person-years, respectively [53,61,74]. The
high incidence in this UK study can be explained by the inclusion of cumulative
(multiple) SCC for given individuals, with an average of six tumours per patient
[74]. The incidence of the first SCC would be lower by a factor of six, at least.

Cutaneous SCC Is the Dominant Skin Cancer Following
Organ Transplantation, and There Is a High Incidence
of Multiple Tumours

The most frequently encountered post-transplant skin cancers are SCC, and in some
transplant cohorts SCC account for 90% of all skin cancers [75]. Unfortunately,
valuable information on SCC incidence in other studies from the United States,
Southern Europe, and Northern Europe is missing because they reported only all
KC combined (as shown in Table 1b), rather than SCC and BCC separately. The
post-transplant KC incidence rate in cardiac transplant recipients (CTR) from the
United States and Spain is very similar [61, 76], with 52 and 45 per 1,000 person-
years, respectively. Two studies from The Netherlands and Italy [53,77] found an
incidence for post-transplant KC of 9 per 1,000 person-years based their incidence
data on the first SCC or first BCC, so their estimates were considerably lower than
that reported from Oxford, UK [74], of 141 per 1,000 (also in a cohort of RTR) in
which precancerous lesions and multiple tumours were recorded. A high increase
in risk (for SCC or KC generally) has been seen in studies from Sweden, Norway,
The Netherlands, and Ireland, where there are relatively low rates of SCC in the
general population, particularly in younger adults (see Table la,b). For example,
one study that examined more than 5,000 OTR from Sweden reported a relative risk
of 109 for men, 93 for women, and, compared with the general Swedish population,
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an overall 100-fold increased risk for SCC [63]. Thus, the increase in risk of skin
cancer observed in OTR in North Europe may be higher than that demonstrated in
sunny countries such as Australia because the baseline incidence in North Europe
is so much lower. Moloney et al., in a population-based study in Ireland over a
7-year period [64], noted age-specific patterns of increase in KC incidence. There
was a steady increase from the second year on after transplantation in older RTR
(age 50 years or older), but a later and much greater increase in younger RTR (age
less than 50 years), reaching incidence rates 200 times those in an age-matched
nontransplanted population and peaking 10 to 12 years after transplantation.

The cumulative incidence of KC in renal transplant recipients follows a similar
pattern to that seen for SCC, with the highest reported risk in Australia [65,70] and
lower cumulative incidence in Europe [3,53,64,73] and America [78]. A study from
South Africa [69] found a cumulative incidence of KC at 10 years post transplant of
7%, but KC was limited to white patients of European origin, who comprised only
one-third (34%) of the RTR cohort.

Tumour burden is compounded by the multiplicity of KC in OTR, which can be
very high [55,65,74,79]. Bouwes Bavinck et al. [65] found 2,751 KC in 271 OTR
in Australia, Bordea et al. [74] reported an average of 6 tumours per patient in the
UK, and Blohme and Larko [55] reported 2 patients in Scandinavia with more than
100 skin lesions each.

Apart from geographical influences, the prevalence of patients with multiple skin
lesions varies from study to study also because of differences in length of follow-
up and age of patients, with a range of 26% to 73% [51,53,55, 80, 81]. Careful
cataloguing of all KC over a 16-year period in a cohort of RTR from London, UK,
found that although two-thirds of skin cancer patients had multiple tumours, it was
a minority of these who carried the majority of the tumour burden, with 22 RTR
(3.4% of the whole cohort) having 10 or more SCC and accounting for 59% of
the total SCC burden. Similarly, 56 RTR (8.5% of cohort) with 4 or more SCC
account for 83% of the total number of SCC (Proby and Harwood, unpublished
data).

Post-Transplant BCC Show Smaller Increases Than SCC
with a Reversal in the BCC to SCC Ratio, Although Regional
Differences Exist

BCC are the second most common cancers in fair-skinned OTR, and approximately
30% to 50% of OTR with SCC also have BCC [75]. Although BCC is the most
common skin cancer in the general population, all studies of post-transplant skin
cancers have shown smaller increases in BCC compared with SCC (see Table 1c).
Consequently, when compared with skin cancers in the general population, the ratio
of BCC to SCC is usually reversed, although the extent of this reversal differs in
various regions of the world (see Tables 2, 3). In The Netherlands [53], a 10-fold
increase in BCC was found, compared with a 250-fold increase in risk of SCC,
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and a complete reversal in the SCC/BCC ratio from 1:4 to 3.6:1. A reversal of
similar magnitude is seen in Australian transplant recipients of European origin,
with four studies reporting an SCC/BCC ratio between 2.0 and 3.8 [65,66,70,71].
An early study from the United States [49] reported a 10-fold difference in the rel-
ative risk of SCC compared with BCC, and a study from Canada [80] examining
relative increase showed a SCC/BCC difference of the same order of magnitude
(Table 2).

The magnitude of the SCC/BCC ratio is not always so high, however. Lower
SCC/BCC ratios have been reported in studies from Spain and Italy [60, 61, 72,
82-84] (see Table 3). In the UK [73], the risk of SCC post transplant appeared
to increase exponentially, whereas the risk of developing BCC seemed to increase
linearly with increasing years of immunosuppression. Fuente et al. [72] similarly
noted a linear increase in BCC compared to a more exponential increase in SCC,
with increasing duration post transplant. Consequently, a gradual increase in the
SCC/BCC ratio was observed over time. Studies of skin cancer rates in the immuno-
competent general population in Australia have reportedly shown a secular change
in the SCC/BCC ratio from 1:4.5 in 1985 [85] to 1:2.5 in 1995 [30]. This finding
was speculated to reflect a reduction in incidence of BCC occurring in young peo-
ple, perhaps the result of improved sun protection from childhood. This dynamic
situation, together with latitude differences in the SCC/BCC ratio also seen in Aus-
tralia [30], suggests that level of sun exposure influences the proportion of BCC and
SCC seen post transplant. An alternative explanation for the apparent excess of BCC
in transplant populations from Southern Europe is that their darker ‘Mediterranean’
skin type is relatively protective against SCC in the early post-transplant years but
is perhaps less protective against BCC development.

Occurrence of Keratinocyte Cancer Increases After All Types
of Solid Organ Transplantation, Although Level of Increase
May Vary

When data on post-transplant skin cancer rates are available in both cardiac trans-
plant recipients (CTR) and renal transplant recipients (RTR) from the same centre,
the risk appears to be greater after cardiac transplantation [62, 77,81, 86]. This risk
may be partly (or wholly) the result of the generally older age, male predominance,
and higher level of immunosuppression of cardiac transplant recipients however and
thus it is therefore difficult to directly compare these two groups.

A cancer registry-based study from Italy compared KC risk in 1,062 RTR and
267 CTR [77] and concluded that there was no definite increased risk amongst CTR
after adjustment for age at transplantation and sex. Another Italian study [81] and
two studies from Norway based on the same data ([62] [see Fig. 1]; [86]) reported
an approximately threefold higher risk of skin cancer in CTR compared with RTR,
but differed in their interpretation of its significance. Fortina et al. [§1] found that
organ type was not independently associated with risk after a multivariate analysis;
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Gjersvik et al. [86] attributed the increased risk to higher levels of immunosuppres-
sion in CTR, whereas Jensen et al. [62] reported a threefold increased risk for CTR
even after adjustment for age and immunosuppressive regimen.

The risk for development of KC is also increased in liver transplant recipients
(LTR). In similarly large cohorts of OTR from the United States, both followed for
approximately 3 years, Otley and coworkers [76] reported an incidence for KC of
52 per 1,000 patient-years for CTR compared with 11 per 1,000 patient-years for
LTR. However, a study from Spain with 170 LTR followed for an average of 5 years
found an incidence for KC of 43 per 1,000 patient years [87], and an earlier study
from The Netherlands reported a relative risk for KC of 70 in LTR [88], similar
to increased risks seen in CTR and RTR (see Table 1b). Cumulative incidence for
KC up to 15 years post liver transplantation was available in these two studies from
Spain and The Netherlands. The pattern of increase with duration of transplant was
similar in the two studies and closely resembles patterns seen after CTR and RTR.
There may be regional differences, with higher tumour numbers reported from Spain
[87], but there are too few studies to confirm this.

Risk Factors for Post-Transplant Keratinocyte Cancer

Many of the studies reviewed examined risk factors for KC development using
univariate and/or multivariate analyses (Cox proportional hazard risk models). The
most important factors that appeared to favour development of skin cancer were
age at transplantation, sex (male), fair skin type, high sunlight exposure (including
the presence of actinic keratoses), and length and level of immunosuppression. Few
investigators found all these to be independent risk factors, but many of the same fac-
tors were reported across a wide range of studies [56,62,64,65,67,72,74,77,82,83].
Ferrandiz et al. [82], in a prospective study examining the first 3 years of immuno-
suppression in RTR from Spain, found a cumulative risk for KC of 18%, with age at
transplantation and occupational sun exposure being significant risk factors. From
Italy, Naldi et al. [77] found age at transplantation and male sex to be the most
important risk factors. Also from Italy, Caforio et al. [83] found older age at trans-
plantation, fair skin, high sunlight exposure, actinic keratosis, and a high rejection
score to be independently associated with an increased SCC risk in CTR. They
proposed that a high rejection score in the first year post transplantation might be
a useful predictor for patients at risk because cumulative immunosuppressive load
is so difficult to calculate. However, other studies have not found an association
between the number of rejections and development of KC in transplant recipi-
ents [74,77,89,90].

A study based in Queensland, Australia, involving 361 Caucasian RTR found
SCC risk was strongly associated with blue eyes, duration of residence in a hot
climate, and pretransplantation SCC, whereas high tumour numbers were associated
with being born in a place with a hot climate, childhood sunburn, pretransplantation
actinic keratoses, and smoking [67]. Meanwhile, in Europe, Bouwes Bavinck et al.
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[91] found a strong and significant association with number of keratoses and pres-
ence of SCC after controlling for sex, age, and skin type and, in a recent multicentre
study, again found that a high number of warty keratoses was a significant and inde-
pendent risk factor for SCC, OTR with more than 50 keratotic skin lesions having
an adjusted odds ratio of 12.1 [92]. All these risk factors are discussed in more detail
elsewhere in this book.

Standardized Incidence Ratio (Fig. 2)

Population-based standardized incidence ratios (SIR) were only available from a
limited number of studies, with an overrepresentation of Scandinavian countries
because of their long history of national cancer registration [8, 10, 12, 62] (see
Fig. 2). Cancer registration in Finland, for instance, started in 1952. Studies from
The Netherlands used a combination of national and city cancer registries [53, 88].
Kinlen et al. [49] used the Birmingham Cancer Registry as “representative” of the
UK population, while a study from Canada [80] used a cancer registry with the
same latitude. Hoxtell et al. [49] used the USA Third National Survey to derive their
ratios. Those population-based SIR that were available for post-transplant SCC and
post-transplant BCC are illustrated in Fig. 2.

Conclusions

Organ transplant recipients are at greatly increased risk of keratinocyte cancers,
particularly SCC, compared with their counterparts in the general population; this is
true in all regions of the world and has been shown in multiple studies, even though
many of these studies are limited by underreporting of KC incidence in the gen-
eral population. The increased incidence in OTR is particularly notable in younger
transplant recipients because post-transplant KC develop on average 20 years earlier
than in the general population [20, 66]. SCC show a much greater increase post
transplant than BCC, leading to a reversal in the normal SCC/BCC ratio, although
region-specific differences in the frequency of post-transplant BCC alter the extent
of this reversal. The SCC/BCC ratio is also influenced by time from transplantation
because BCC show a steady linear increase compared with an exponential rise in
post-transplant SCC. Post-transplant SCC are frequently multiple, leading to a very
high burden of disease in some individuals and placing a heavy cost on the affected
patients and health care resources alike.

It is difficult to compare studies from different regions of the world because
of the diversity of characteristics of study populations (different ages, skin type,
immunosuppressive regimens, length of follow-up, epidemiological methods, etc.)
as well as the different environmental factors (notably latitude and level of sun
exposure). It is clear, however, that post-transplant skin cancer is a major problem in
temperate climates and an even greater problem in tropical and subtropical regions.
Caucasians living in Australia have the highest incidence of post-transplant KC, and
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southern Europe experiences higher rates than northern Europe. The SIR, however,
may be at least as high in more temperate countries because of a relatively low
frequency of these skin cancers in the general population, particularly in younger
age groups. The type of transplantation may influence the extent of the problem, but
any organ-specific risk is probably small when age and level of immunosuppression
have been taken into account. Cardiac transplantation typically has the highest levels
of immunosuppression, and therefore the highest rates of skin cancer, because of the
catastrophic consequence of rejecting the donor organ. There is no firm epidemio-
logical evidence for an oncogenic effect of a specific immunosuppressive regimen,
and the level of immunosuppression rather than a specific agent may be the more
important factor for skin cancer risk. Finally, solar ultraviolet radiation is the princi-
pal agent responsible for the development of KC, and it is therefore essential that all
future investigations are able to account for its independent influence, even if only
at the level of ambient sun exposure.

Appendix

Box 1 Search strategy

In PubMed, an extensive literature search was made using synonyms for rele-
vant words of the clinical question. First, a combination of “skin cancer” and
“transplantation” (both as subheadings) was made in which “transplantation”
was matched to the subheading “adverse effects and/or complication”. Only
English or Dutch articles were included, and case reports and editorials were
excluded; this resulted in 448 articles.

(“Neoplasms, Basal Cell”[Majr] OR “Skin Neoplasms”[Majr] OR
“Melanoma”[Majr] OR ((“Carcinoma, Squamous Cell”’[Majr] OR “squa-
mous cell carcinoma”[ti] OR malignancy[ti] OR malignant[ti]) AND (skin[ti]
OR dermis[ti] OR epidermis[ti])) OR melanoma[ti] OR melanomasx[ti] OR
“skin cancer”[ti] OR “skin cancers”’[ti] OR “skin tumor”[ti] OR “skin
tumors”’[ti] OR “skin tumour”[ti] OR “skin tumours”[ti] OR “basal cell car-
cinoma”[ti]) AND (transplant[ti] OR transplants[ti] OR transplantation[ti]
OR transplanted[ti] OR post-transplant[ti] OR “Transplantation/adverse
effects”’[MAJR] OR “Transplantation/complications”’[MAIJR])

To include articles that focus on malignancies in general without skin can-
cer as a subheading, “transplantation” (matched to “incidence”) and “malig-
nancies” were combined. Only English or Dutch articles were included, and
case reports and editorials were excluded; this resulted in 501 articles.

(“Neoplasms”[Majr:noexp] OR malignancy[ti] OR malignant[ti]) AND
(transplant[ti] OR transplants[ti] OR transplantation[ti] OR transplanted|ti]
OR post-transplant[ti] OR “Transplantation/adverse effects”[MAJR] OR
“Transplantation/complications”’[MAJR]) AND incidence.
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Finally, a broad selection (7786 references) was performed using various
terms for “skin cancers” combined with terms for “transplantation” matched
to “incidence’:

(“Neoplasms, Basal Cell’[MeSH] OR “Skin Neoplasms”’[MeSH] OR
“Melanoma”[MeSH] OR ((“Carcinoma, Squamous Cell”’[MeSH] OR “squa-
mous cell carcinoma”) AND (skin OR dermis OR epidermis)) OR melanoma
OR melanomax OR “skin cancer” OR “skin cancers” OR “skin tumor” OR
“skin tumors” OR “skin tumour” OR “skin tumours” OR “basal cell carci-
noma”) AND (transplant OR transplants OR transplantation OR transplanted
OR post-transplant OR “Transplantation”’[MeSH]) AND (incidence OR inci-
dences OR incidencs).

Selection
After exclusion of duplicates, a total of 1,377 articles were found. A selection
was made using title and/or abstract; this resulted in 329 articles that matched
our clinical question. Full texts were evaluated and scored (A, B, C, D, or no
score). The remaining A and B articles were used for tables and graphics in
this book.

A (good article) when

® Baseline characteristics are clear
e Cumulative rate of skin cancer is present

B (sufficient article) when

® Baseline characteristics are clear
e Cumulative rate is unclear, but incidence rate or relative risk is given

C (doubtful article) when

® Only the number of patients with skin cancer is given
® No statistical analysis are used

D (insufficient article) when
® [t does not match our clinical question
No score

® Paper not relevant at all
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