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Background. The incidence of nonmelanomatous skin cancer (NMSC) is substantially higher among renal transplant
recipients (RTRs) than in the general population. With a growing RTR population, a robust method for monitoring
skin cancer rates in this population is required.
Methods. A modeling approach was used to estimate the trends in NMSC rates that adjusted for changes in the RTR
population (sex and age), calendar time, the duration of posttransplant follow-up, and background population
NMSC incidence rates. RTR databases in both Northern Ireland (NI) and the Republic of Ireland (ROI) were linked
to their respective cancer registries for diagnosis of NMSC, mainly squamous cell carcinoma (SCC) and basal cell
carcinoma (BCC).
Results. RTRs in the ROI had three times the incidence (PG0.001) of NMSC compared with NI. There was a decline
(PG0.001) in NMSC 10-year cumulative incidence rate in RTRs over the period 1994Y2009, which was driven by
reductions in both SCC and BCC incidence rates. Nevertheless, there was an increase in the incidence of NMSC
with time since transplantation. The observed graft survival was higher in ROI than NI (PG0.05) from 1994Y2004.
The overall patient survival of RTRs was similar in NI and ROI.
Conclusion. Appropriate modeling of incidence trends in NMSC among RTRs is a valuable surveillance exercise
for assessing the impact of change in clinical practices over time on the incidence rates of skin cancer in RTRs. It can
form the basis of further research into unexplained regional variations in NMSC incidence.
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Improved immunosuppressive regimens have succeeded in
overcoming the early immunological barriers to kidney

transplantation for many patients with end-stage renal dis-
ease. RTRs now experience improved long-term outcomes (1)
because of higher rates of graft function (2) and longer graft
survival (3). However, observational studies have shown that
RTRs experience a 3-fold or greater relative risk for different
cancers (4Y6), confirming concerns about possible side effects
of immunosuppression on cancer risk (7). For NMSC, even
greater relative risks of 10- to 250-fold have been reported (8).

In addition, NMSC, in particular SCC, frequently has a more
aggressive course in RTRs (9).

In observational studies, increased NMSC incidence
rates in RTRs are associated with both azathioprine and cy-
closporin usage (10, 11). In vitro and in vivo experiments have
proposed direct carcinogenic mechanisms for these observed
associations (12, 13) with one randomized study directly
quantifying a carcinogenic effect reporting that higher cyclo-
sporin doses result in greater NMSC rates (14). Observational
studies (15Y17) in RTRs that compare effects of different
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immunosuppressants (e.g., cyclosporin vs. tacrolimus) on
NMSC risk are susceptible to hidden confounding because
their usage occurred in different historical periods that prob-
ably varied in other aspects of clinical management. Caution
is required, therefore, when using observational data such as
RTR databases to estimate differences in immunosuppressant
effects where the impact of other significant cancer risk de-
terminants cannot be adjusted for in the analysis.

This study, which linked national cancer registry data
to comprehensive RTR databases, proposes that observa-
tional data be used both as a surveillance tool and as a plat-
form for exploring aspects of clinical management. The
study focuses on establishing an unbiased estimate of the
trend in age-specific excess incidence rates of NMSC among

RTRs over a 16-year period using a modelling framework.
The approach accounts for 1) the age-sex population struc-
ture, 2) time since transplantation, 3) background NMSC
rates, and 4) two adjacent national renal transplant programs
in NI and in the ROI. These two countries have separate
health-care systems and independent transplant programs.

RESULTS

Description of the Recipient Population
In the period 1984 to 2009, approximately 3507 first

kidney transplants took place in Ireland whose recipients
were alive at sometime in 1994Y2009 with less than 10 years
since transplantation; 906 were performed in NI and 2,601

TABLE 1. Description of the renal transplant recipient population, cancer statistics, and performance indicators

Measure Northern Ireland Republic of Ireland Island of Ireland

Numbers of recipients 1984Y2009 alive on January 1, 1994 906 2601 3507

Person-years in study1 5,127 13,590 18717

Mean age at transplant 41.0a 41.8a 41.6

% male recipients 61.3a 62.9a 62.5

% White recipients 99.0 96.0 96.7

Mean donor age 38.2a 34.2b 35.3

Type of transplant (% living donor) 0.08a 0.03b 0.05

Mean HLA mismatch 2.13a 2.87b 2.68

Recipient incidence (one per recipient2)

NMSC 51 343 394

SCC 27 239 266

BCC 31 195 226

Recipient incidence rate3 1994Y2009 (95% CI)

NMSC 1022a 2759b 2182

SCC 675a 1576b 1263

BCC 403a 1477b 1096

Population incidence rate3 1994Y2009 (95% CI)

NMSC 116.4a 143.7b 134.7

SCC 31.5a 44.7b 40.3

BCC 86.5a 106.5b 100.0

Standardised incidence ratio (95% CI)

NMSC 8.2a 18.0b 15.6

SCC 19.1a 46.3b 40.9

BCC 6.0a 11.7b 10.4

Non-Hodgkin lymphoma (C82YC85) 13.2a 6.8a 8.5

All cancers (excl C44) 2.0a 1.6a 1.7

5-year observed graft survival4

1994Y2004 74.2a 82.2b 80.2

1994Y1999 69.0a 78.8b 76.4

2000Y2004 79.9a 86.2a 84.5

5-year observed patient survival4

1994Y2004 88.7a 89.0a 88.9

1994Y1999 85.7a 85.6a 85.6

2000Y2004 91.2a 90.4a 90.6

1 Recipients were censored at the earliest of 1) first diagnosis, 2) death, or 3) after 10 years of follow-up, or 4) December 31, 2009.
2 Owing to different policies between NICR and NCRI, only the first NMSC, or SCC or BCC is considered for the study.
3 Rate here is a European age-standardized rate per 100,000, only one tumor type per recipient.
4 Observed survival was calculated using the Kaplan-Meier method. In calculating the graft survival, recipients were censored at death.
a, b Statistics within a row comparing ROI and NI with different letter superscripts are significantly (PG0.05) different from each other.
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in the ROI. Mean age at transplant was 41.6 years, and
62.5% of recipients were male (Table 1). From 1994 to 2009,
51 and 343 cases of NMSC occurring in 5127 and 13,590
person-years of follow-up were diagnosed in NI and ROI,
respectively (Table 1).

From 1994 to 2009, NMSC standardized incidence
rate (SIR) for the NI renal transplant population was 8.2
(PG0.05) and for the ROI cohort was 18.0 (PG0.05); likewise
for SCC, the SIRs were 19.1 and 46.3 (PG0.05), respectively.
The all-Ireland SIRs in RTRs for non-Hodgkin lymphoma

and all cancers excluding NMSC were elevated (PG0.05) at
8.5 and 1.7, respectively (Table 1).

Table 1 compares graft and recipient survival between
the transplant centers. Five-year graft survival was higher
(PG0.05) in ROI (82.2%) than in NI (74.2%) from 1994 to
2004. However, the observed 5-year patient survival was not
significantly different between NI and ROI.

The proportion of first-transplant RTRs receiving cyclosporin/
tacrolimus or azathioprine/mycophenolate mofetil (on an
intention-to-treat basis) over calendar time is presented in
Figure 1. By 2003, most RTRs were commenced on tacroli-
mus, while mycophenolate mofetil was adopted in NI (2002)
3 years before ROI (2005).

Excess Incidence Modeling Results
There was a significant difference between countries

with ROI having 3.2 times the incidence rate of NMSC than NI
(PG0.001; Table 2). Male subjects were 2.4 times more likely
(PG0.001; Table 2) to develop NMSC than female subjects.

The number of knots required for the splines to de-
scribe nonlinearity was surprisingly small (ne2). Figure 2A
shows that the 10-year cumulative excess incidence of
NMSC decreased (PG0.05) from 1994 to 2009 (calendar
timescale) and was higher in the ROI than in NI; a reduction
in the 10-year cumulative excess incidence for both SCC
and BCC contributed to this decline. Both for NMSC and
BCC, interaction terms for the calendar by follow-up time
were required in the model.

Figure 2B shows that the excess incidence of NMSC
and SCC increased (PG0.05) soon after transplantation
(follow-up timescale) and was higher in the ROI than in NI.
For both NMSC and BCC, the calendar and follow-up time
interactedV in the early calendar years, the excess incidence
increased soon after transplant, but in later calendar years,
the excess incidence increased more gradually (not shown).

DISCUSSION
Advancements in renal transplantation over the past

3 decades have widened access to transplantation for in-
dividuals with end-stage renal disease and improved both
graft and recipient survival (1, 2). The growing population of
RTRs on the Island of Ireland, therefore, requires surveillance
to detect when any new aspect of clinical management poses
a risk factor for cancer. This study, combining population-
based RTR and cancer registry databases, has shown that it is
possible to obtain unbiased trend estimates in excess NMSC
incidence in the RTR population.

RTRs in ROI had 3.2 times the excess incidence risk of
developing NMSC than in NI. However, it is possible that

FIGURE 1. Trends in the proportion of renal transplant
recipientsprescribeddifferent immunosuppressants (intention-
to-treat: azathioprine, mycophenolate, cyclosporin, and tacro-
limus) from 1994 to 2009, with 95% confidence intervals for
azathioprine and cyclosporin.

TABLE 2. Excess incidence relative risk of a) nonmelanoma skin cancer (NMSC) b) squamous cell carcinoma (SCC), and
c) basal cell carcinoma (BCC) in renal transplant recipients on the Island of Ireland during the years 1984Y2009, comparing
country and sex

Relative risk (95% CI)

NMSC SCC BCC

Country: ROI vs. NI 3.21 (2.29Y4.50) 4.12 (2.69Y6.31) 2.72 (1.74Y4.26)

Sex: male vs. female 2.36 (1.82Y3.06) 2.78 (2.03Y3.80) 2.23 (1.56Y3.18)
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this difference is due to population bias, referral and man-
agement bias, or NMSC registration biases.

The RTR populations in both countries are from
comparable ethnic backgrounds (96%Y99% White) (Table 1),
and each country shares similar environmental risks for
NMSC such as latitude, annual hours of sunshine (18, 19),
and proportion of each population employed in outdoor
occupations (20, 21). The rate of NMSC in the general
population in the ROI (143/100,000) is comparable to NI
(116/100,000) giving a ratio of 1.2. This is likely to be a
surrogate for the population bias, if present, in the RTR
population. The analysis in this study adjusted for this small
difference in background incidence rates. Population bias is
therefore unlikely to explain the discrepancy in NMSC inci-
dence between the RTR populations in NI and ROI.

The second source of possible confounding is the
potential difference between referral and management of
RTRs with suspected skin malignancies. In both jurisdic-
tions, RTRs are reviewed regularly by nephrologists with
expertise in transplantation. It has been standard practice in
both countries for the past 20 years to refer RTRs with skin
lesions suggestive of NMSC to a dermatology clinic for bi-
opsy (22, 23). Even if such skin lesions are excised in pri-
mary care, guidelines recommend histologic confirmation
of the nature of the lesion (24). In both NI and ROI, the
cancer registries are populated by histologic data so skin
biopsies performed on RTRs in primary care will be in-
cluded. There is therefore no appreciable difference in the
referral and management practice for RTRs with suspicious
skin lesions between NI and ROI.

FIGURE 2. A, The 10-year cumulative excess incidence (with 95% confidence intervals) by country in male renal
transplant recipients aged 44 on the Island of Ireland over the calendar years 1994Y2009, and (B) the excess incidence rate
over the 10-year follow-up as at January 1, 2002, for i) nonmelanoma skin cancer, ii) squamous cell carcinoma, and ii) basal
cell carcinoma.
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The third possibility is that the difference in NMSC
incidence is an artifact of cancer registration. The com-
pleteness indicators (percentage of cases microscopically
verified, mortality: incidence ratio, and percentage of cases
diagnosed by death certificate only) of the NI and ROI
cancer registries are similar (25), and suggest high levels of
completeness. It is implausible that a difference exists be-
tween the countries in NMSC registration among RTRs
but is absent in the general population where incidence
rates are comparable. The potential for registration bias is
further reduced by including only the RTR’s first case of
NMSC in the analysis. Finally, analyses restricted to the first
case of SCC and BCC showed similar excess incidence dif-
ferences between countries. These potential confounders do
not adequately explain the difference in NMSC incidence
between NI and ROI.

We have shown a significantly increased 5-year graft
survival in the ROI compared with NI (82.2% vs. 74.2%).
It is plausible that RTRs in the ROI have been exposed
to higher levels of immunosuppression than in NI (26),
resulting in reduced immunologic injury and better graft
survival but an increased incidence of NMSC. Unfortu-
nately, it is not possible to directly compare levels of im-
munosuppression across both jurisdictions as robust data
on prescribed immunosuppressant doses or drug levels over
time is not available.

The 10-year cumulative excess incidence rate of NMSC
among Irish RTRs has decreased from 1994 to 2009 (Fig. 2A).
The reduction in NMSC in recent years may reflect reduced
propensity to malignancy with modern immunosuppression,
or it may be a response to a reduction in the amount of
immunosuppression as clinicians target lower calcineurin
inhibitor levels in an effort to reduce the associated neph-
rotoxicity. Between 1999 and 2009, the routine immuno-
suppression prescribed to RTRs on the island of Ireland
changed from azathioprine/cyclosporin to mycophenolate
mofetil/tacrolimus (Fig. 1). Cyclosporin and azathioprine
have direct carcinogenic properties; cyclosporin inhibits ap-
optosis by interfering with mitochondrial function (12), and
azathioprine induces chronic oxidative stress (13). Immu-
nosuppressants may also exert an indirect carcinogenic effect
by reducing the effectiveness of immune surveillance (27). As
alluded to previously, a measure of immune function, plus
other aspects of transplant treatment that could determine
NMSC risk, such as HLA (human leukocyte antigen)
matching policy and the use of induction therapy, would be
necessary variables to include in a multivariate analysis of
excess NSMC risk in RTRs. Only in this way can observa-
tional data furnish unbiased effect estimates of clinical
management on NMSC risk in the absence randomized
controlled trials.

The statistical analyses that are conventionally used
to investigate excess cancer incidence in solid organ trans-
plant populations are standard incidence ratios and semi-
parametric regression approaches to time-to-event data,
that is, Cox regression. These approaches have limited abil-
ity to adjust for two concurrent but independent timescales;
‘‘calendar time’’ reflects the changes in the management of
transplant recipients from 1994 to 2009, and ‘‘follow-up time’’
reflects the impact of cumulative years of immunosuppression
on cancer risk. Intuitively, these effects are independent, and

each has been adjusted for in the analysis to observe their
true and unbiased impact on NMSC incidence. Figure 2A
shows how the incidences of NMSC, BCC, and SCC have re-
duced with calendar time when the follow-up time and re-
cipient demographics (in this case, age and sex) are controlled.
This is likely to reflect advances in renal transplantation with
more judicious choice of immunosuppressive therapies and
improved patient education. On the contrary, Figure 2B
demonstrates the cumulative risk of NMSC, BCC, and SCC,
which increases with follow-up time, when calendar time
and recipient demographics are controlled. This is likely to
reflect prolonged exposure to immunosuppression, and
this pattern is consistent with inflammation-driven carci-
nogenesis (28) or an infectious component to NMSC (6), as
opposed to the long-term carcinogenesis acting through a
genetic mode (29). The modeling approach, which has been
employed in this study, has highlighted what occurred in the
two different timescales through their mutual adjustment. It
is probable that other studies investigating NMSC incidence
in solid organ transplantation over a prolonged period fail
to demonstrate the impact of novel immunosuppressive ther-
apies and a prolonged immunosuppressive burden on NMSC
risk because of the attenuating effect of calendar time on
NMSC incidence.

Transforming the timescale variables into restricted
cubic splines allows them to be modeled as continuous
variables and makes their nonlinearity (Fig. 2) and interac-
tion easier to handle; this is important when disentangling
the independent effects of the two timescales on excess in-
cidence. The adjustment for background population NMSC
incidence in the analysis was not critical because the excess
incidence rate among RTRs was large relative to the back-
ground population rate. Nevertheless, this adjustment es-
tablishes the excess incidence rate, which is appropriate
when comparing NMSC risk between periods and territories
with differing background population incidence rates. Im-
proved smoothing of the background population incidence
rates could be better achieved by using a modeling tech-
nique (30), which would be important when estimating
excess incidence in less common cancer types in RTRs.

In conclusion, linking national RTR databases to
cancer registry information can be used to estimate and
monitor cancer rates in RTRs in an ever-changing clinical
environment. The identification of interjurisdiction varia-
bility in cancer rates suggests that modifiable etiologic factors
are present, for example, differences in immunosuppressive
protocols. Finding differences in cancer rates will generate
hypotheses for further research that can hopefully be trans-
lated into reductions in cancer incidence in RTRs.

MATERIALS AND METHODS

Recipient Cohort
Recipients of kidney transplants on the island of Ireland who were alive

in years 1994Y2006, and less than 10 years posttransplant, were included in

the analysis. Kidney transplantation in the ROI takes place at Beaumont

Hospital and in NI at Belfast City Hospital, and each unit has performed

3478 and 1770 transplants since inception, respectively. Figure 3 summa-

rizes the number of transplants taking place in both countries from 1984

to 2009, the years relevant to this study. The European age-standardized

transplant rate in the population (per 1,000,000) increased in both coun-

tries from 1984 to 1991 but then remained constant in the ROI until 2009,
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while showing a 2.2% per annum decline in NI. Recipients are discharged

from the transplant center at 3 months and followed in regional units across

the island by nephrologists. Clinical data, including recipient age, sex, date

of transplant, acute rejection episodes, prescribed immunosuppressive ther-

apy, and date of death, are recorded prospectively in both transplant units.

Cancer Incidence
Recipients were linked to cancer registries for diagnosis of NMSC be-

tween 1994 and 2009. The National Cancer Registry of Ireland (NCRI)

matched on names, dates of birth, sex, and address using a probabilistic

algorithm, whereas the Northern Ireland Cancer Registry (NICR) matched

on national Health and Care Number or hospital numbers. As the NICR’s

registration policy for NMSC is to register no more than one SCC and one

BCC diagnosis per patient, only the first tumor per RTR was considered

in the analyses. Both NCRI and NICR register all types of malignant cancer

in their populations according to internationally validated standards; their

quality indicators are sufficient for acceptance in top internationally rec-

ognized publications of cancer statistics (25, 31).

Statistical Analysis
The incidence data were analyzed as time-to-event in fully parametric

models estimated by a user-led Stata program called stpm2 (32). RTRs were

followed from their date of transplant, and their time-to-event data were

right censored (if transplant had already occurred) from January 1, 1994,

when NMSC registration was available in both countries, and left censored

at the earliest occurrence of the following: first diagnosis of NMSC, 10 years

of follow-up, death, or 31st December 2009. An RTR’s follow-up time, or

person-time, in the study, was split into periods defined by calendar year,

with the midpoint of each period used to represent the calendar time and

age of RTR for that period. The models included effects for country, sex,

age, calendar time (1994Y2009), and follow-up time (0Y10 years) after

kidney transplant, and a calendar time by follow-up time interaction. The

program stpm2 uses restricted cubic splines to model time-to-event data.

In addition, restricted cubic splines were used to model the nonlinear effects

of calendar time and age on excess incidence. Sensitivity analysis was

performed restricting NMSC cases to SCC, or BCC, which are diagnosed

on the basis of histology.

A table of background NMSC incidence rates (by sex, country, single

year of age, and calendar year) was generated to adjust for background

incidence rates; the rates were smoothed by using 3 years of incidence and

population data centered on the given calendar year. These rates are in-

corporated into the analysis by stpm2 to estimate the excess incidence rates

in RTRs over the background population incidence rates and were previ-

ously matched to the split time-to-event data by the (attained) calendar

year and age of RTR at the end point of these periods. To confirm the excess

incidence approach above, standardized incidence ratios (SIRs) were also

estimated to compare excess incidence among RTRs between countries.

It is necessary to graph predicted output from the model to observe

how the required spline variables model the nonlinear relationship of the

time-variables and excess incidence, while keeping the sex and age at a fixed

level. The predicted 10-year cumulative excess incidence rate was plotted

over calendar time at mean age during follow-up (44 years) and mode sex

(male). The predicted excess incidence rate was plotted against follow-up

time at fixed mid-calendar period date, January 1, 2002, mean age during

follow-up (44 years), and mode sex (male). We report excess incidence

rate over follow-up time, rather than 10-year cumulative excess incidence

rate, as it shows better the development of NMSC risk in the RTR during

follow-up. Excess incidence relative risk estimates for sex and country

were estimated directly from their effect coefficients produced by the model.
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