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CHAPTER 6

Abstract

The aim of this study was to investigate whether the development of cutaneous
squamous- and basal-cell carcinomas is associated with an increased risk of internal
malignancies in kidney transplant recipients.

In a cohort study, all 1869 patients receiving a kidney transplantation between 1966
and 2006 at the Leiden University Medical Center were followed. All malignancies
which had developed between 1966 and 2007 were recorded. Time-dependent Cox
regression analyses were used to study the association between the development of
skin cancer and internal malignancies.

Among 1869 kidney transplant recipients, 176 (9.4%) developed cutaneous squamous-
and 142 (7.6%) basal-cell carcinomas. A total of 142 (7.6%) patients developed internal
malignancies after transplantation. In patients with squamous-cell carcinoma the
adjusted risk to develop internal malignancies was 3.5 (2.2-5.6) and for basal-cell
carcinoma patients, this risk was 2.1 (1.2-3.5). Particularly, the risk to develop carcinomas
of the digestive organs, lungs and male genital organs was increased.

Kidney transplant recipients with squamous- and basal-cell carcinomas have an
increased risk to develop internal malignancies. [167 words]
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Introduction

Kidney transplant recipients (KTR) have a significantly increased risk of malignancy ™.
The incidence of malignancies is 2- to 6-fold higher than in the general population 7.
Especially the incidences of non-melanocytic skin cancer (NMSC), comprising
squamous-cell carcinoma (SCC) and basal-cell carcinoma (BCC), post-transplant
lymphoma, anogenital dysplasia, thyroid cancer and Kaposi's sarcoma are increased
146812 NMSC are the most common post-transplant malignancies ° and many KTR
develop multiple malignancies 3.

In the general population, patients with a cutaneous SCC have a 2-fold increased
risk of internal malignancies >, but some studies showed no increased risk of internal
malignancies, or even a slightly decreased risk, after the development of cutaneous
SCC 82, In the general population, the development of BCC was also associated with
an increased risk of internal malignancies 2?2, The other way round, internal
malignancies were also associated with an increased risk of cutaneous SCC {Hemminki,
2003 2422 /id; Brennan, 2005 2420 /id}.

No previous studies have investigated the association between NMSC and
internal malignancies in KTR. In this study we investigated the risk of internal
malignancies after the development of cutaneous SCC or BCC in KTR.

Material and methods

Patients

We performed a cohort study of all 1869 patients who received a first kidney
transplantation at the LUMC between March 1966 and January 2006. The follow-up of
the patients ended arbitrarily on 1 June, 2007. The study adhered to the Declaration
of Helsinki Principles and the medical ethical committee of the LUMC had approved
the study design.

Collection of data

Data recorded for all KTR included the date of the first transplantation, age at trans-
plantation, sex, and the dates of cancer, death or last follow-up. The main outcomes
of cancer were the diagnoses of internal malignancies, cutaneous SCC and/or BCC
and were collected from the computerized oncological registry of the LUMC, the
database from the department of Pathology and the national histological database
(PALGA) . The medical charts were also hand searched for the diagnosis of cancer.
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Premalignant lesions and in situ carcinomas were excluded.

The diagnoses of internal malignancies were based on the International
Classification of Diseases 10" Modification Diagnoses Codes (ICD-10). Different from
the ICD-10 classification we classified lip carcinomas as cutaneous SCC or BCC and not
as internal malignancies.

Immunosuppressive regimens

Between 1966 and 1986, the immunosuppressive treatment of KTR in our clinic
consisted of duo therapy with prednisolone and azathioprine (Aza), but shortly after
1986 all new KTR were immunosuppressed with prednisolone and cyclosporine A
(CsA). From the mid 90th occasionally KTR were treated with prednisolone, mycofeno-
latemofetil (MMF) and CsA.

KTR, in whom acute graft rejections were observed, were generally initially treated
with methylprednisolone. When this therapy was not sufficient to prevent further
rejection a second rejection treatment with ATG and a third rejection treatment with
once more methylprednisolone were given. In exceptional cases OKT3 was given
when a fourth rejection treatment was needed. With the exception of some rare
patients, induction treatments with ATG and/or OKT3 were not given to KTR who
were transplanted in the LUMC between 1966 and 1995.

Statistical analyses

We calculated the time on immunosuppression by adding the times between the
different transplantations and subsequent rejections or until the patient was censored.
If there was no rejection, we used the time between the transplantation and the end
of the study or until the patient was censored (development of malignancy, last
follow-up visit, or death of the patient).

For statistical analyses we used Chi-square tests for categorical variables and
Student’s T-tests for continuous variables. Cox proportional hazard analyses were
used to calculate hazard ratios for the development of internal malignancies, SCC or
BCCand to adjust for potentially confounding factors. Time-dependent Cox regression
analyses were used to measure the effect of time-dependent risk factors. As opening
dates for the analyses we used the date of the first transplantation; as closing dates we
used the date of diagnosis of cancer, the date of the patient’s death or the date of last
follow up. Patients were not censored from the analyses at graft failure.




SKIN CANCER AND INTERNAL MALIGNANCIES IN KTR

KTR who had already cancer before the first kidney transplantation or patients
who were lost to follow up at the first transplantation were excluded from all analyses.
P-values below 0.05 were considered significant. All statistical calculations were
performed using SPSS for Windows version 16 (SPSS Inc, Chicago, IL).

Results

Baseline characteristics of the KTR
Between March 1966 and January 2006, 1906 patients received their first kidney
transplant in Leiden. Thirty-seven patients had already a malignancy before the trans-
plantation and they were excluded from further analyses. Of the remaining 1869 KTR
the median age at transplantation was 43.9 years (range 3.8 — 77.5) with a median
follow up of 9.2 (range 0-39.9) years. Altogether, 176 (9.4%) had developed cutaneous
SCG; 142 (7.6%) BCC and 142 (7.6%) internal malignancies, whereas 1529 (81.8%) KTR did
not develop any type of cancer. A total of 88 patients developed both SCC and BCC.
Cutaneous SCC and BCC were, by far, the most frequently diagnosed cancers after
transplantation . In a single patient, the maximum number of SCC was 68 and the
maximum number of BCC was 28. In total, there were more than 1800 SCC and BCC in
these patients . For this study, however, only the first SCC and BCC were considered.
One hundred forty-two patients developed together 151 internal malignancies, of
which 112 were carcinomas, 8 leukemias, 22 lymphomas and 2 sarcomas and in 7
cases the cellular type was undefined.

In total, 29 SCC and 8 BCC of the lip had been diagnosed in 31 KTR. In 8 of these
patients, SCC of the lip was the first presentation of SCC and in 7 patients BCC of the
lip was the first presentation of BCC.

Risk factors of cancer
To identify possible risk factors for the development of cutaneous SCC, BCC or internal
malignancies, we analyzed the influence of sex, age at the first transplantation, the
years of the first transplantation, the maintenance immunosuppressive therapy and
time on immunosuppression on the risk of SCC, BCC and internal malignancies (Table 1).
Patients with SCC were significantly more often male and were significantly
younger at their first transplantation compared with patients without cancer (Table 1).
Performing Cox proportional hazard analyses, however, older age at transplantation
appeared to be a risk factor for the development of SCC, because young patients at
transplantation were much longer in the follow-up than older patients, as we have
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Time on immunosuppression (yrs)

SCC: <0.001

53(37.3)

62 (43.7)
27 (19.0)

21(11.9)
64 (36.4)
91 (51.7)

27 (19.0)
48 (33.8)
67 (47.2)

988 (64.6)
367 (24.0)

BCC: <0.001 IM: <0.001

10-19

174 (11.4)

20 or more

SCG; squamous-cell carcinoma; BCC: basal-cell carcinoma; IM: internal malignancy.

*Some patients had internal malignancy, squamous-cell carcinoma and/or basal-cell carcinoma together. This fact is reflected here by overlapping of the numbers of patients in

these categories.

reported before . By contrast, patients with internal
malignancies were significantly older at their first
transplantation than patients who did not develop
cancer and they were older at the time that they
developed internal malignancies compared with the
time that patients developed SCC or BCC (Table 1).

As could be expected, most patients with cancer
were transplanted before 1996 and, as a consequence,
were more often immunosuppressed with Aza and
had a longer time on immunosuppression than patients
without cancer (Table 1).

Patients with cutaneous SCC or BCC are at risk
for subsequent internal malignancies

Table 2 shows the distribution of patients without
and with SCC or BCC prior to the development of
internal malignancies. Of the KTR with internal
malignancies 22.0% had developed a prior SCC,
whereas in patients without internal malignancies
only 79% had developed SCC. Adjustment for age
and sex reduced the hazard ratio, suggesting that
there was partially confounding by these factors
for the association between SCC and internal
malignancies (Table 2). Inclusion of the patients
who developed SCC after internal malignancies or
additional adjustment for immunosuppressive therapy
did not influence the hazard ratios, importantly (data
not shown).

To analyze whether patients with SCC were at
increased risk for a specific type of internal malignancy,
time-dependent hazard ratios were calculated for
the different types of internal malignancy, separately.
The hazard ratio, adjusted for age and sex, for the 32
carcinomas of the digestive organs was 4.2 (1.8-9.7),
for the 21 carcinomas of the lower respiratory system
4.6 (1.5-14.5) and for the 11 carcinomas of the male
genital organs 7.3 (1.7-32.5). The risks of other types
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Table 2 Risk of internal malignancy in patients with prior squamous-cell carcinoma
or basal-cell carcinoma.

Nointernal Internal Non-adjusted Hazard ratio
malignancy malignancy Hazardratio adjusted for age
(95% ClI) and sex (95% Cl)

Squamous-cell carcinoma: N (%)
No 1590 (92.1) 103 (78.0) 1 1
Yes 137 (79) 29 (22.0) 5.0(3.1-8.0) 35(2.2-5.6)

Basal-cell carcinoma: N (%)
No 1610 (93.3) 117 (86.7) 1 1
Yes 117 (6.7) 18 (13.3) 2.8 (1.7-4.8) 2.1 (1.2-35)

of internal malignancy, for example of the 22 lymphomas or of the 12 carcinomas of
the female genital organs were not significantly increased after the development of
SCC (data not shown). The risk of internal malignancy in BCC patients was only
significantly increased for the 32 carcinomas of the digestive organs, with a hazard
ratio of 2.8 (1.1-6.9).

Patients with internal malignancies are not at risk for subsequent SCC

or BCC

Table 3 shows the distribution of patients without and with internal malignancies
prior to the development of SCC or BCC. Of the KTR with SCC, 6.8% had developed a
prior internal malignancy and in KTR with BCC 5.6% had developed a prior internal
malignancy, whereas in patients without SCC 6.1% had developed an internal
malignancy and in patients without BCC 6.7% had developed an internal malignancy.
After adjustment for sex and age the hazard ratios of developing SCC or BCC after the
development of internal malignancies were not statistically significant (Table 3).

Patients with BCC are at risk for subsequent SCC, and patients with SCC are
at risk for subsequent BCC

Table 4 shows the distribution of patients without and with BCC prior to the
development of SCC and the other way round. Of the KTR with SCC 32.8% had
developed a prior BCC and of the KTR with BCC 42.6% had developed a prior SCC. BCC
patients were at a highly increased risk to develop SCC and SCC patients were at a
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Table 3 Risk of squamous-cell carcinoma or basal-cell carcinoma in patients with

prior internal malignancy.

No squamous-
cell carcinoma cell carcinoma

Internal malignancy: N (%)

No 1590 (93.9)
Yes 103 (6.1)
No basal-cell
carcinoma

Internal malignancy: N (%)
No 1610 (93.3)
Yes 17 ©.7)

Squamous-  Non-adjusted Hazard ratio
Hazard ratio adjusted for age
(95% CI) and sex (95% Cl)
137 (93.2) 1 1
10 (6.8) 2.0(1.0-39) 1.6 (0.82-3.2)
Basal-cell
carcinoma
117 (94.4) 1 1
7 (5.6) 1.6 (0.69-3.6) 1.1 (0.50-2.6)

Table 4 Risk of squamous-cell carcinoma in patients with prior basal -cell

carcinoma and vise versa.

No squamous-
cell carcinoma cell carcinoma

Basal-cell carcinoma: N (%)

No 1635 (96.6)
Yes 58 (3.4)
No basal-cell
carcinoma

Squamous-cell carcinoma: N (%)

No 1635 (94.7)
Yes 92 (5.3)

Squamous-  Non-adjusted Hazard ratio
Hazard ratio adjusted for age
(95% ClI) and sex (95% Cl)
92 (67.2) 1 1
45 (32.8) 10.0 (6.8-14.7) 79 (5.3-11.7)
Basal-cell
carcinoma
58 (574) 1 1
43 (42.6) 12.1 (76-19.1) 9.3 (5.8-14.9)
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highly increased risk to develop BCC (Table 4). Inclusion of the patients who developed
BCC after SCC and patients who developed SCC after BCC or additional adjustment for
immunosuppressive therapy did not influence the hazard ratios, importantly (data
not shown).

Discussion

This study showed a statistically significantly increased risk of internal malignancies in
KTR with a prior SCC or BCC compared with KTR without skin cancer, which could be
largely attributed to an increased risk of carcinomas of the digestive organs, lungs and
male genital organs. The other way round, KTR with a prior internal malignancy did
not show an increased risk to develop cutaneous SCC or BCC. KTR with a prior SCC had
an increased risk of BCC and those with a prior BCC an increased risk of SCC.

The 3.5 and 2.1-fold increased risks of internal malignancies after a prior SCC or
BCC, respectively, are compatible with the general population, in which a 1.2-2.0-fold
increased risk of internal malignancies was reported in patients with a history of SCC
or BCC ™% _|n our study in KTR we did not find an increased risk of SCC or BCC after
the development of internal malignancies, which is in contrast with the general
population %,

An inherited predisposition of cancer, a suboptimal immune response, or lifestyle
factors (smoking, sun exposure) are all possible explanations for the increased risk of
internal malignancies in patients with a prior SCC or BCC. For example, the elevated
rate of lung carcinoma in patients with a prior SCC, with a hazard ratio of almost 5 in
our study, is suggestive for a role of smoking, which is a well-known risk factor for
both lung carcinoma and cutaneous SCC . However, in the general population, an
association between SCC and lung cancer was also apparent after adjustment for
smoking, so that other factors may play a role, as well ™.

Our finding that KTR with a prior SCC have a 3 to 4-fold increased risk of carcinoma
of the digestive organs is in disagreement with the study of Grant and Tuohimaa '8
who showed, in the general population, no increased risk or even a slightly decreased
risk of colon carcinoma in patients with a prior diagnosis of skin cancer '®°. They
hypothesized that the increased solar ultraviolet B radiation, to which patients with
NMSC are usually exposed prior to the development of skin cancer, results in higher
vitamin D levels, which are though to protect, among others, against colon carcinoma
2028 On the other hand, Chen et al reported a 78% higher risk for colorectal carcinoma
in patients with NMSC . A possible explanation of this apparent different association
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may be that Chen'’s ™ and our study were performed in countries with relatively low
amounts of summertime sun exposure (north-eastern part of the United States and
the Netherlands), compared to Tuohimaa et al ° showing a reduced risk of cancer in
countries with high level of sun exposure (Australia, Singapore and Spain).

A possible limitation of our study is that we did not systematically collect data of
potentially confounding factors, like smoking, sun exposure, skin type, education
years and body mass index, so that we cannot adjust for these factors. In another
study, however, it was shown that, adjustment for these factors did not decrease the
increased risk of internal malignancies in patients with prior SCC or BCC ®.

This is the first study in KTR showing an increased risk of internal malignancies, in
particular carcinomas of the digestive organs, lungs and male genital organs after the
development of cutaneous SCC or BCC. Both nephrologists and dermatologists
should be aware of the increased risk of internal malignancies in KTR with prior skin
cancers and should be extra alert when skin cancers start to develop in their
patients.

Acknowledgements
The authors thank Jan Oosting for providing histopathological examinations and
Marko Mallat and Jan Molenaar for providing important clinical data.




CHAPTER 6

Reference List

London NJ, Farmery SM, Will EJ et al. Risk of
neoplasia in renal transplant patients. Lancet 1995;
346:403-6.

Moosa MR. Kaposi's sarcoma in kidney transplant
recipients: a 23-year experience. QJM 2005; 98:
205-14.

Penn I. Posttransplant malignancies. Transplant
Proc 1999; 31: 1260-2.

Vajdic CM, McDonald SP, McCredie MR et al. Cancer
incidence before and after kidney transplantation.
JAMA 2006; 296: 2823-31.

Villeneuve PJ, Schaubel DE, Fenton SS et al. Cancer
incidence among Canadian kidney transplant
recipients. Am J Transplant 2007; 7: 941-8.

Adami J, Gabel H, Lindelof B et al. Cancer risk
following organ transplantation: a nationwide
cohort study in Sweden. Br J Cancer 2003; 89: 1221-
7.

Grulich AE, van Leeuwen MT, Falster MO et al.
Incidence of cancers in people with HIV/AIDS
compared with immunosuppressed transplant
recipients: a meta-analysis. Lancet 2007; 370:
59-67.

Birkeland SA, Storm HH, Lamm LU et al. Cancer risk
after renal transplantation in the Nordic countries,
1964-1986. Int J Cancer 1995; 60: 183-9.

Bouwes Bavinck JN, Hardie DR, Green A et al. The
risk of skin cancer in renal transplant recipients in
Queensland, Australia. A follow-up study.
Transplantation 1996; 61: 715-21.

JuMK, Joo DJ,Kim SJetal. Chronologically different
incidences of post-transplant malignancies in
renal  transplant  recipients:  single
experience. Transpl Int 2009; 22: 644-53.
Karamchandani D, Arias-Amaya R, Donaldson N et
al. Thyroid cancer and renal transplantation: a
meta-analysis. Endocr Relat Cancer 2010; 17(1):
159-67.

Kyllonen L, Salmela K, Pukkala E. Cancer incidence
in a kidney-transplanted population. Transpl Int
2000; 13 Suppl 1: S394-5398.

Wisgerhof HC, Edelbroek JR, de Fijter JW et al.
Subsequent Squamous-andBasal-Cell Carcinomas
in Kidney-Transplant Recipients After the First Skin
Cancer: Cumulative Incidence and Risk Factors.
Transplantation 2010; Apr 20.

Euvrard S, Kanitakis J, Decullier E et al. Subsequent
skin cancers in kidney and heart transplant

center

20.

21.

22.

23.

24.

25.

26.

recipients after the first squamous cell carcinoma.
Transplantation 2006; 81: 1093-100.

Chen J, Ruczinski |, Jorgensen TJ et al.
Nonmelanoma skin cancer and risk for subsequent
malignancy. J Natl Cancer Inst 2008; 100: 1215-22.
Hjalgrim H, Frisch M, Storm HH et al. Non-
melanoma skin cancer may be a marker of poor
prognosis in  patients with non-Hodgkin's
lymphoma. Int J Cancer 2000; 85: 639-42.

Hu S, Federman DG, Ma F et al. Skin cancer and
non-Hodgkin's lymphoma: examining the link.
Dermatol Surg 2005; 31: 76-82.

Grant WB. A meta-analysis of second cancers after
a diagnosis of nonmelanoma skin cancer:
additional evidence that solar ultraviolet-B
irradiance reduces the risk of internal cancers. J
Steroid Biochem Mol Biol 2007; 103: 668-74.

Levi F, Randimbison L, La Vecchia C et al. Incidence
of invasive cancers following squamous cell skin
cancer. Am J Epidemiol 1997; 146: 734-9.
Tuohimaa P, Pukkala E, Scelo G et al. Does solar
exposure, as indicated by the non-melanoma skin
cancers, protect from solid cancers: vitamin D as a
possible explanation. Eur J Cancer 2007; 43: 1701-
12.

Milan T, Pukkala E, Verkasalo PK et al. Subsequent
primary cancers after basal-cell carcinoma: A
nationwide study in Finland from 1953 to 1995. Int
J Cancer 2000; 87: 283-8.

Frisch M, Hjalgrim H, Olsen JH et al. Risk for
subsequent cancer after diagnosis of basal-cell
carcinoma. A population-based, epidemiologic
study. Ann Intern Med 1996; 125: 815-21.
Hemminki K, Jiang Y, Steineck G. Skin cancer and
non-Hodgkin'slymphomaassecond malignancies.
markers of impaired immune function? Eur J
Cancer 2003; 39: 223-9.

Brennan P, Scelo G, Hemminki K et al. Second
primary cancers among 109 000 cases of non-
Hodgkin's lymphoma. Br J Cancer 2005; 93: 159-
66.

Wisgerhof HC, van der Boog PJ, de Fijter JW et al.
Increased Risk of Squamous-Cell Carcinoma in
Simultaneous Kidney
Recipients Compared with Kidney Transplant
Recipients. J Invest Dermatol 2009; 129: 2886-94.
Karagas MR, Greenberg ER, Mott LA et al
Occurrence of other cancers among patients with

Pancreas Transplant




SKIN' CANCER AND INTERNAL MALIGNANCIES IN KTR

27.

28.

prior basal cell and squamous cell skin cancer.
Cancer Epidemiol Biomarkers Prev 1998; 7(2): 157-
61.

De Hertog SA, Wensveen CA, Bastiaens MT et al.
Relation between smoking and skin cancer. J Clin
Oncol 2001; 19: 231-8.

van der Rhee HJ, de VE, Coebergh JW. Does
sunlight prevent cancer? A systematic review. Eur J
Cancer 2006; 42: 2222-32.

147







