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This study investigated the predominant skin cancer
subtype among organ transplant recipients, patients
on chronic dialysis, and patients with chronic kidney
disease in Asian subjects. Among 23,644 patients with
skin cancer, identified from Taiwan Cancer Registry Da-
tabase, 53 were organ transplant recipients, 255 were
on chronic dialysis, 1,792 had chronic kidney disease,
and 21,544 were in the control group. The propor-
tions of squamous cell carcinoma were 52.8%, 47.8%,
40.1%, and 33.5%, respectively. Compared with the
control group, organ transplant recipients (1.99-fold)
and patients on chronic dialysis (1.25-fold) were at
higher risk of developing squamous cell carcinoma
than other skin cancers after adjustment for potential
confounders. Subgroups or covariates associated with
increased squamous cell carcinoma compared with
other skin cancer risk included patients with chronic
kidney disease aged <70 years (vs. control group; 1.3-
fold), old age (vs. young age; 2.8-fold), male sex (vs.
female sex; 1.1-fold), and south Taiwan residency (vs.
north Taiwan residency; 1.1-fold). Organ transplant
recipients and patients on chronic dialysis had immune
dysregulation, resulting in increased risk of squamous
cell carcinomas.
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kin cancer is the most common cancer in Caucasians.

Non-melanoma skin cancer (NMSC) accounts for the
vast majority of skin cancers, and basal cell carcinoma
(BCC) and squamous cell carcinoma (SCC) are the most
common subtypes. The BCC to SCC ratio in the general
population is 4:1 in the UK and 5:2 in Australia (1). The
risk of NMSC increases with exposure to ultraviolet
radiation, fair skin pigmentation, older age, and among
people with certain medical conditions affecting the
immune system. A greater increase in risk of SCC than

This is an open access article under the CC BY-NC license. www.medicaljournals.se/acta

Journal Compilation © 2019 Acta Dermato-Venereologica.

SIGNIFICANCE

Organ transplant recipients, patients on chronic dialysis,
and patients with chronic kidney disease have immune dys-
regulation and are at higher risk of skin cancers. However,
the predominant skin cancer subtype in these populations
has not been well-investigated among Asian subjects. The
study revealed that organ transplant recipients, patients
on chronic dialysis, older patients, males, and residents of
south Taiwan (which has a high level of solar radiation) had
a higher risk of developing squamous cell carcinoma than
other skin cancer subtypes. The study provides aetiological
insights into the development of squamous cell carcinoma
and highlights that physicians should be aware of the in-
creased risk of squamous cell carcinoma in these conditions.

BCC is observed in many immune-related conditions
(2). Most notably, with the requirement for long-term
immunosuppressant treatment to avoid graft rejection,
organ transplant recipients (OTRs) of Caucasian ethnicity
are at 65- to 250-fold and 10- to 16-fold risk of SCC and
BCC, respectively, compared with the general popula-
tion (3-5). The risk of SCC in OTRs is greatly increased
compared with the risk of BCC, with a SCC to BCC ratio
of 1.6:1 in the Netherlands (5) and 1:1 in Denmark (6).
Compared with OTRs of Caucasian ethnicity, there is
a much lower incidence of skin cancers among OTRs
of Asian ethnicity. Among studies regarding the risk of
cancer in OTRs from Japan (7, 8), Korea (9), China (10),
Taiwan (11, 12) and Asian immigrations to the USA (13),
the number of cases of skin cancers was quite small, and
the proportion of histological subtypes was unclear.
Patients on chronic dialysis (14, 15) and those with pre-
dialysis chronic kidney disease (CKD) (6, 16) are also
at higher risk of NMSC, owing to the accumulation of
uraemic toxins, further leading to chronic inflammation
and oxidative DNA damage. Patients on chronic dialysis
are at 5.3-fold risk of NMSC (excluding BCC) (14) in
Denmark and 1.58-fold risk of NMSC (including all types
of NMSC) (15) in Taiwan compared with the general
population. Among patients with CKD in Denmark who
are hospitalized and age <70 years, there is a 4.8-fold
risk of SCC and stationary risk of BCC compared with
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the general population (6). In Taiwan, the risk of NMSC
(including all types of NMSC) in total CKD and stage
5 CKD patients is 1.14-fold and 1.48-fold, respectively,
compared with the general population (16). Based on
these studies, the increased risk of NMSC in patients on
chronic dialysis and those with CKD appears to be more
related to SCC than to BCC. Further studies are neces-
sary to confirm this association, especially in subjects
of Asian ethnicity.

The aim of this nationwide population-based study was
to investigate the proportion of histological subtypes and
clinical characteristics of skin cancers among OTRs, pa-
tients on chronic dialysis, and those with CKD, using the
Taiwan Cancer Registry (TCR) database and Taiwan’s
National Health Insurance Research Database (NHIRD).

MATERIALS AND METHODS

Data source

This study obtained data recorded between 2007 and 2014 from
the TCR database, and between 2001 and 2014 from the NHIRD.
The population-based TCR was established in 1979. After the
Cancer Control Act was promulgated in 2003, all hospitals were
mandated to submit cancer data to the TCR, and the completeness
achieved was 97% (17). The TCR database comprises informa-
tion on demographic data, dates of cancer diagnosis, primary site,
histopathology, and cancer treatments. Taiwan National Health
Insurance was established in 1995 and includes 99% of the entire
population of Taiwan (23.74 million). The NHIRD comprises
information on demographic data, dates of clinical visits, diag-
nostic codes, prescription medications, and treatment procedures.
Individual identifiers were encrypted in the TCR database and the
NHIRD in order to protect privacy. The International Classifica-
tion of Diseases for Oncology, 3 revision (ICD-O-3) and the
International Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM) were used for diagnostic codes. The
Institutional Review Board of Cardinal Tien Hospital approved
this study (approval number CTH-106-3-5-046), and informed
consent was waived because the personal information obtained
from the TCR database and the NHIRD was de-identified.

Study participants

Patients with skin cancers (ICD-O-3: C44) were identified between
2007 and 2014 from the TCR database. The cancers included were:
BCC, SCC, sarcomas, malignant tumours of skin appendages,
Merkel cell carcinoma, and melanoma. Carcinoma in situ and
lymphoma were not included. Exclusion criteria were: patients
who had incomplete data, age <20 years at skin cancer diagnosis,
or who had had any previous cancer before enrolment.

Screened skin cancer data were linked to the NHIRD and pa-
tients with skin cancer were then classified into 3 study groups
(OTRs, chronic dialysis, and CKD) and the control group. OTRs
were defined by at least 3 outpatient diagnoses (ICD-9-CM 996.8,
V42.0, V42.1, V42.6-V42.9) and at least 90-day immunosup-
pressant prescription before skin cancer diagnosis. Patients with
diagnostic codes of organ transplantation and a less than 90-day
immunosuppressant prescription were excluded. Patients on chro-
nic dialysis were defined as follows: undergoing at least 3 months’
haemodialysis or peritoneal dialysis and not having received organ
transplantation before skin cancer diagnosis. Patients with CKD
were defined as follows: at least one inpatient discharge diagnosis
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or 3 outpatient diagnoses codes of the following: ICD-9-CM 250.4,
274.1,283.11, 403, 404, 440.1, 442.1,447.3, 572.4 and 580-588
(which includes diabetic nephropathy, gouty nephropathy, hyper-
tensive nephropathy, atherosclerosis/aneurysm/hyperplasia of the
renal artery, haemolytic uraemic syndrome, hepatorenal syndrome,
nephrotic syndrome, glomerulonephritis and other nephritis, renal
failure, and renal sclerosis) (16) and had not commenced dialysis
or renal transplantation before the diagnosis of skin cancer. Patients
who did not meet the diagnostic criteria of the aforementioned
study groups were referred as the control group. The control group
was defined as patients who did not have chronic renal disease
and had never received organ transplantation.

Outcome measurement and potential confounding factors

The main outcomes of this study were the histological subtypes
and clinical characteristics of skin cancers in the study groups
and control group. Factors that might confound the results were
adjusted in the statistical analysis. Sex, age, geographical regions,
use of immunosuppressive agents, and Charlson Comorbidity
Index (CCI) scores served as the confounding factors. Geogra-
phical regions were divided into northern or southern Taiwan by
the Tropic of Cancer, which runs through the centre of Taiwan;
therefore, the northern and southern areas of Taiwan receive dif-
ferent amounts of ultraviolet radiation. Immunosuppressant users
were defined as those with >30 days of use, and non-users were
defined as those with no or <30 days of use one year before skin
cancer diagnosis. Romano-CClI scores (18) were used as a sum-
mary measure of health status (17 comorbidities included) for
the adjustment of comorbidities that might confound the results.
Many immune-related conditions, such as rheumatological disease,
lymphoma, leukaemia, and AIDS, were included in the Romano-
CClI scores. There were no patients with lymphoma or leukaemia
in this study because patients with any previous cancer before
enrollment were excluded. CCI scores were calculated using at
least one inpatient diagnosis or 3 outpatient diagnoses one year
before skin cancer diagnosis.

Statistical analysis

The y? test, Fisher’s exact test, and Student’s ¢-test, when appro-
priate, were used to compare the distribution of demographic cha-
racteristics, histological types, and anatomical sites of skin cancers
between study and control groups. Generalized estimating equation
(GEE) regression model was performed to assess the difference in
the proportion of certain histological types in total skin cancers in
each study group compared with that in the control group, and to
assess the independent effects of potential confounding factors.
Adjustment for potential confounding factors was performed
in all models. Differences between the groups were considered
significant if 2-sided p-values were <0.05. All statistical analyses
were performed using SAS statistical software (SAS System for
Windows, version 9.3, SAS Institute, Cary, NC, USA).

RESULTS

A total of 23,644 adult patients with skin cancer identi-
fied from the TCR database were enrolled in this study.
Patients with skin cancer were divided into the following
4 groups: 53 OTRs (36 renal and 17 other organ (heart,
lung and liver) transplant recipients), 255 patients on
chronic dialysis (239 on haemodialysis and 16 on peri-
toneal dialysis), 1,792 patients with CKD, and 21,544
patients who served as the control group. The demo-
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Table I. Demographic characteristics of patients with skin cancers
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of total skin cancers, respectively.

Chronic kidney disease Dialysis

The proportions of SCC in total

Organ transplantation

conroLgroup n=1,792 n=255 n=53 skin cancers were elevated in all
n (%) n (%) p-value® n (%)  p-value® n (%) p-value? study groups, which were 52.8%,
Age <0.001 <0.001 <0.001 47.8% and 40.1% in OTRs, chronic
20-49 years 2,695 (12.5) 26 (1.5) 8 (3.1) 6 (11.3) : . : . _
50-59 years 2,930 (13.6) 96 (5.4) 23 (9.0) 14 (26.4) dlalysls and patients with CKD, re
60-69 years 3,797 (17.6) 247 (13.8) 39 (15.3) 22 (41.5) spectively. The SCC to BCC ratios
70-79 years 5,690 (26.4) 609 (34.0) 106 (41.6) 11 (20.8) were 2:1,1.3:1, 1:1.1, and 1:1.4 in
>80 years 6,432 (29.9) 814 (45.4) 79 (31.0) 0 (0) . .. .
MeantSD  69.1+15.7 76.9+10.4  <0.001 73.7+11.1 <0.001 62.1+9.3  <0.001 OTRs, pa‘qents on chronic dialysis,
Sex <0.001 0.16 0.01 CKD patients, and the control
Male 11,290 (52.4) 1,098 (61.3) 145 (56.9) 37 (69.8) :
Female 10,254 (47.6) 694 (38.7) 110 (43.1) 16 (30.2) group, respectlvely. Melanoma and
Geographical region 0.02 0.53 0.04 NMSC other than BCC and SCC
North 13,340 (61.9) 1,061 (59.2) 153 (60.0) 40 (75.5) were Combined in a group because
South 8,204 (38.1) 731 (40.8) 102 (40.0) 13 (24.5) th b £ each subt
Immunosuppressant <0.001 <0.001 <0.001 S case' numbers of each su ype
Non-users 20,093 (93.3) 1,507 (84.1) 215 (84.3) 0 (0) were quite small.
Users 1451(6.7) 285 (15.9) 40 (15.7) 53 (100.0) A GEE model was used to assess
Charlson Comorbidity Index-score <0.001 <0.001 <0.001 . . .
0 12,582 (58.4) 171 (9.5) 0 (0) 5(9.4) the difference in the proportion of
=3 7,803 (36.2) 773 (43.1) 114 (44.7) 29 (54.7) SCC in total skin cancers in each
>4 1,159 (5.4) 848 (47.3) 141 (55.3) 19 (35.8) studv eroun compared with that in
Mean+SD  0.9+1.3 3.4+2.1 <0.001 4.1+2.0 <0.001 2.8+1.8 <0.001 y group p A -
Histopathology <0.001 <0.001 <0.01 the control group, and to identify the
scc 7,223 (33.5) 719 (40.1) 122 (47.8) 28 (52.8) independent risk factors. Multiva-
BCC 9,983 (46.3) 763 (42.6) 96 (37.7) 14 (26.4) . . .
Others? 4,338 (20.1) 310 (17.3) 37 (14.5) 11 (20.8) riate GEE analysis showed a higher

2Compared with the control group, )(2 test or Student’s t-test. bIncluding melanoma, sarcomas, malignant

tumour of skin appendages, and Merkel cell carcinoma.

SD: standard deviation; SCC: squamous cell carcinoma; BCC: basal cell carcinoma.

graphic characteristics of the study and control groups
are listed in Table I. Among patients with skin cancer,
OTRs were younger, and patients on chronic dialysis
and those with CKD were older than the control group
(all p<0.001). Regarding histological subtypes, BCC
and SCC were the first and second common subtypes
in the control group and account for 46.3% and 33.5%

proportion of SCC in OTRs (relative
risk (RR) 1.99; 95% confidence
interval (CI) 1.33-2.85; p<0.001)
and in patients on chronic dialysis
(RR 1.25; 95% CI 1.03—1.50; p=0.02) compared with
the control group, after adjustment for age, sex, geograp-
hical regions, immunosuppressant users or not, and CCI
scores. The proportion of SCC was stable in patients with
CKD compared with the control group, after adjustment
for potential confounding factors. In addition, other risk
factors associated with a higher proportion of SCC in

Table I1. Relative risk (RR) and 95% confidence interval (95% CI) for the factors associated with the proportion of squamous cell carcinoma
(SCC) in total skin cancers among each study group and the control group using generalized estimating equation (GEE) regression model

Chronic kidney disease Dialysis

Transplantation

Multivariate
RR (95% CI)?

Univariate
RR (95% CI)

Univariate
RR (95% CI)

Multivariate
RR (95% CI)?

Univariate
RR (95% CI)

Multivariate
RR (95% CI)?

1 1 1
1.25 (1.03-1.50)* 1.58 (1.06-2.24)* 1.99 (1.33-2.85)%**

1 1 1

Group

Control group 1 1 1

Study group 1.20 (1.11-1.29)***  0.98 (0.90-1.06) 1.43 (1.19-1.70)***
Age

20-49 years 1 1 1

50-59 years 1.20 (1.08-1.37)** 1.21 (1.08-1.36)** 1.21 (1.07-1.36)**

60-69 years 1.42 (1.27-1.58)***  1.39 (1.25-1.55)*** 1.40 (1.26-1.57)***

70-79 years 2.01 (1.82-2.22)***  1.96 (1.77-2.17)*** 2.08 (1.84-2.25)***

>80 years 2.83 (2.58-3.12)*** 2,77 (2.52-3.06)*** 2,85 (2.59-3.14)***
Sex

Female 1 1 1

Male 1.05 (1.00-1.09) 1.09 (1.04-1.14)*** 1.04 (1.00-1.09)

Geographical region
North

1

1

1
1.14 (1.08-1.19)%**

1.19 (1.09-1.29)%**

1.28 (1.22-1.34)%**

South 1.15 (1.10-1.20)*** 1,12 (1.07-1.17)***
Immunosuppressant

Non-users 1 1 1

Users 1.23(1.14-1.33)*** 1,07 (0.99-1.16)
Charlson Comorbidity Index-score

0 1 1 1

1-3 1.29 (1.23-1.35)***  1.03 (0.98-1.08)

24 1.34 (1.25-1.45)***  1.08 (0.99-1.17)

1.40 (1.27-1.53)%**

1.20 (1.07-1.35)%*

1.38 (1.24-1.54)%**
1.99 (1.79-2.20)%**
2.80 (2.54-3.09)%**

1
1.10 (1.05-1.15)%**

1
1.11 (1.06-1.16)%**

1
1.03 (0.94-1.12)

1
1.02 (0.97-1.07)
1.10 (1.00-1.21)*

1.21 (1.07-1.36)**

1.42 (1.27-1.58)%**
2.03 (1.84-2.25)%*x*
2.85 (2.59-3.14)%**

1
1.04 (0.99-1.09)

1
1.14 (1.09-1.19)%**

1
1.20 (1.10-1.30)%**

1
1.28 (1.22-1.35)%**
1.35 (1.23-1.49)%**

1.20 (1.06-1.35)%*

1.39 (1.24-1.55)%**
1.99 (1.80-2.21)%**
2.82 (2.55-3.11)%**

1
1.09 (1.06-1.14)%**

1
1.11 (1.06-1.17)%**

1
1.03 (0.94-1.12)

1
1.02 (0.97-1.08)
1.09 (0.98-1.20)

@Each variable was adjusted for every other variable.
*p<0.05; **p<0.01; ***p<0.001.
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total skin cancers included old age (age >80 years vs.
age 2049 years, 2.77-2.82-fold risk), male sex (male vs.
female, 1.09—1.10-fold risk), and south Taiwan residency
(south vs. north, 1.11-1.12-fold risk). These findings
were consistent in the 3 multivariate models. However,
in the univariate models, immunosuppressant users and

A Subgroup

RR (95% Cl) P value
Effect Interaction
All patients e <0.001
Age 0.13
<70 years e | 0.01
=70 years e 0.22
Sex 0.76
Female — e 0.03
Male o] <0.01
Geographic region 0.32
North e <0.01
South e i 0.03
Immunosuppressant
Non-users
Users @ by <0.01
CCl-score 0.51
<4 P <0.01
=4 b \ 0.15
0.5 1.0 1520 25 3.0 3.5 40 45
B Subgroup RR (95% Cl) P value
Effect Interaction
All patients e 0.02
Age 0.02
< 70 years S ———————— 0.02
=70 years ew— 0.22
Sex 0.13
Female - 0.98
Male iy <0.01
Geographic region 0.31
North S — 0.03
South P S— 0.49
Immunosuppressant 0.94
Non-users 1 0.06
Users 1 0.35
CCl-score 0.40
<4 S PO 0.48
=4 ey 0.03
0.5 1.0 1.5 2.0
C Subgroup RR (95% Cl) fvalue
Effect Interaction
All patients ] 0.60
Age <0.001
<70 years . 0.01
=70 years Pt 0.52
Sex 0.86
Female e o 0.91
Male e 0.73
Geographic region 0.41
North bt 0.69
South i 0.59
Immunosuppressant 0.07
Non-users b 0.41
Users | 0.04
CCl-score 0.40
<4 L 0.63
=4 by 0.72

0.5 10 15 2.0

Fig. 1. Adjusted relative risk (RR) and 95% confidence interval
(CI) for proportion of squamous cell carcinoma (SCC) in total skin
cancers stratified by clinical covariatesin (A) organ transplantrecipients,
(B) patients on chronic dialysis, and (C) those with chronic kidney disease
compared with the control group. CCI: Charlson Comorbidity Index. 2All
organ transplant recipients are immunosuppressant users.
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patients with high CCI scores were associated with a
higher proportion of SCC in total skin cancers compared
with non-users and those with low CCI scores. These
effects were not significant in the multivariate models
(Table II).

Fig. 1 shows the adjusted RR for the proportion of
SCC in each study group compared with the control
group after stratifying by sex, age group, geographical
regions, immunosuppressant users or not, and CCI sco-
res. In OTRs, all subgroups showed a higher proportion
of SCC compared with the control group, except for
patients aged >70 years and CCI score >4. In patients on
chronic dialysis, half of the subgroups showed a higher
proportion of SCC compared with the control group.
Patients aged <70 years had a greater increased risk of
SCC (1.59-fold) compared with the control group of the
same age. Although the proportion of SCC in patients
with CKD was similar to that in the control group, a hig-
her proportion of SCC was noted in patients with CKD
aged <70 years (1.30-fold) and of immunosuppressant
users (1.23-fold). Interactions between study groups and
clinical parameters were estimated, and significant inte-
raction was observed only with age (p=0.02 in patients
on chronic dialysis and p<0.001 in patients with CKD).

Table III shows the anatomical site distribution of
SCC in study groups and in the control group. The head
and neck were the most common anatomical sites of SCC
in all groups. Compared with the control group, in OTRs
SCCs were located more frequently on the head, neck
and trunk, and less frequently on the limbs, although the
difference was not statistically significant.

DISCUSSION

The key finding of this study is a higher risk of SCC in
OTRs and patients on chronic dialysis compared with
the control group. To the best of our knowledge, this is
the first study to show a greater increase in risk of SCC
than BCC and other skin cancers in OTRs and patients on
chronic dialysis in Asian populations. An increased risk
of developing SCC than BCC and other skin cancers was
also noted in patients with CKD age <70 years compared
with the control group, although it was not noted in total
patients with CKD. This study also found that patients
who were older (compared with younger patients), male
(compared with female), and those residing in south
Taiwan (compared with those residing in north Taiwan)
had a higher risk of developing SCC than BCC and other
skin cancer subtypes.

Many immune-related conditions are associated with
greater increases in risk of SCC than BCC, suggesting
that reduced immune surveillance may be especially
important in the actiology of SCC (2). The population of
OTRs is the best-investigated population with respect to
this topic. Caucasian OTRs are associated with a 65- to
250-fold risk of SCC and 10- to 16-fold risk of BCC (3,
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Table III. Anatomical site distribution in different groups among patients with
squamous cell carcinoma (SCC)

Organ

Control CKD Dialysis transplantation

group n=719 n=122 n=28

n=7,223
Site n (%) n (%) p-value? n (%) p-value? n (%) p-valueP
Head and neck 3,561 (49.3) 366 (50.9) 0.80 56 (45.9) 0.24 17 (60.7) 0.10
Trunk 1,160 (16.1) 115 (16.0) 15 (12.3) 7 (25.0)
Limbs 2,460 (34.1) 235 (32.7) 44 (36.1) 4 (14.3)
Overlap/unknown 42 (0.6) 3(0.4) 7 (5.7) 0 (0)

SCC in OTRs and patients on chronic dialysis 1279

include haematological malignancies
(2), primary immunodeficiencies (2),
HIV infection with low CD4 counts
(22), and immune-mediated inflam-
matory disorders, such as inflamma-
tory bowel disease (23) and psoriasis
(24). The present study found a higher
risk of SCC than BCC and other skin

2Compared with the control group, x? test. bCompared with the control group, Fisher’s exact test.

CKD: chronic kidney disease.

4). Although the risk of skin cancer in OTRs has been
well-studied in Caucasians, it is not completely under-
stood in individuals of Asian ethnicity. Several hospital-
based studies from Japan (7), Korea (9), China (10) and
the USA (Asian immigrants) (13) show very few (0—-6)
cases of skin cancers in their series. Population-based
studies from Taiwan reported that OTRs are at 2.14-fold
increased risk of total skin cancers (11) and 2.3-fold
increased risk of NMSC (12), respectively, compared
with the general population, but information about the
histological subtype of skin cancers is unavailable in
these studies. A Japanese national questionnaire survey
reported that 29 0of 9,210 OTRs developed skin cancers
(including carcinoma in situ); however, the histological
subtype of skin cancers is also unknown in this study (8).
In Taiwan, the SCC to BCC ratio in the general popula-
tion is approximately 1:1.6 based on the TCR reports
(19). The present study included 53 OTRs with skin
cancers (excluding carcinoma in situ), and an elevated
SCC to BCC ratio of 2:1 is observed. After adjustment
for confounding factors, the proportion of SCC in total
skin cancers in OTRs was 1.99-fold higher than in the
control group.

The pathogenesis of SCC in OTRs involves a complex
interaction of ultraviolet susceptibility and exposure,
oncogenic human papillomavirus, and long-term utiliza-
tion of immunosuppressants. Photocarcinogenesis is the
result of both immunomodulatory and mutagenic effects
of ultraviolet radiation. A high prevalence of ultraviolet
light-associated mutations is detected in cutaneous
SCC in OTRs. OTRs are more susceptible to oncogenic
viruses than are the general population. Up to 90% of
cutaneous SCCs in OTRs contain human papillomavirus
DNA, compared with 11-32% in normal skin. Although
human papillomavirus is the pathogenesis for SCC, it
is not associated with BCC. Many immunosuppressive
agents are potentially carcinogenic. Azathioprine has
been found to sensitize cells to ultraviolet light-induced
damage through the incorporation of a metabolite into
DNA that generates reactive oxygen species on exposure
to ultraviolet light. Cyclosporine has been shown to
suppress p5S3-mediated cell death and result in carcino-
genesis (3, 4, 20, 21).

In addition to OTRs, other immune-related condi-
tions associated with increased SCC than BCC risk

cancers in patients on chronic dialysis
compared with the control group. In
patients with CKD, the increased risk of
SCC compared with that of BCC and other skin cancers
is confined to patients age <70 years. The higher risk
of SCC in these populations is thought to be due to the
uraemia itself, not related to their treatments such as ul-
traviolet phototherapy for uraemic pruritus (15, 16). The
pathogenesis of SCC in patients on chronic dialysis and
those with CKD is thought to be due to the accumulation
of uraemic toxins, resulting in low-grade chronic inflam-
mation. The intensity of chronic inflammation is positi-
vely associated with the stage of CKD and is maximum
in patients on chronic dialysis (15, 16, 25, 26). Chronic
inflammation produces reactive oxygen species that
cause DNA damage and is involved at different stages
of tumour development; that is, initiation, promotion,
malignant conversion, invasion, and metastasis (27, 28).
The studies regarding chemoprevention for skin cancers,
showing that non-steroidal anti-inflammatory drugs are
more effective in preventing SCC than BCC, also provide
evidence that inflammatory conditions appear to be more
closely linked to SCC than BCC (29, 30).

The present study also found that older patients,
males, and those residing in south Taiwan (i.e. at lower
latitudes) had a higher risk of developing SCC than
BCC and other skin cancers in comparison with younger
patients, female patients, and those residing in north
Taiwan (i.e. at higher latitudes). The immune system
in elderly healthy individuals and patients with renal
failure shares many characteristics, such as preferential
loss of cells belonging to the lymphoid cell lineage,
non-resolving chronic inflammation (inflammaging),
and DNA damage (26, 31, 32). The stronger relation-
ship between inflammation and SCC than BCC might
explain the greater risk of SCC than BCC in old age. The
similarity of the immune system in old age and uraemic
patients might also explain why the difference in risk of
SCC between uraemic patients and the control group is
greater in young age and less in old age. The sex-specific
difference in the immune system might demonstrate
the greater risk of SCC than BCC in men compared
with women. Males generally experience higher rates
of chronic inflammatory disease and greater ultraviolet
radiation-induced immunosuppression. Sex hormones,
genes encoded on the sex chromosomes, and sex-specific
behaviours probably contribute to these differences (33,
34). The effect of geographical location (difference in
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solar radiation) has a stronger impact on the risk of SCC
than the risk of BCC. As solar radiation is stronger in
Australia than in the UK, Australians are more likely to
develop SCC (SCC:BCC=1:2.5) than people in the UK
(SCC:BCC=1:4) (1). Qureshi et al. indicated that the
risk of SCC is greater for women in the USA who live
in states with high levels of ultraviolet radiation than
those in states with low levels of ultraviolet radiation.
The gradient of risk is weaker for BCC (35).

This study found that, in OTRs, SCCs are more com-
monly located on the head, neck and trunk and less
commonly located on the extremities compared with
the control group, although the difference is not statisti-
cally significant. A Swedish study by Lindelof et al. (36)
reported that the head and neck were the predominant
sites of SCC in male OTRs, and the trunk was the predo-
minant site of SCC in female OTRs. The most common
site in younger OTRs was the chest and, in older OTRs,
the face. Hartevelt et al. (5) found that 97% of SCCs in
Dutch OTRs were located on the sun-exposed areas,
with a preference for the back of the hands and face.
The difference in anatomical locations of SCC between
different studies might be an interaction among genetics,
sun exposure habits, human papillomavirus infection,
and types of immunosuppressant used.

The strength of this study is that the completeness of
the TCR from 2007 to 2011 is 97% and is increasing (17),
and the Taiwanese NHIRD covers 99% of Taiwanese
residents, thus enabling a true population-based design
and avoiding selection bias and referral bias. The study
has several limitations that should be considered. First,
OTRs and uraemic patients may receive more medical
surveillance than the general population. Under strict skin
surveillance, the detection of skin cancers of all histo-
logical subtypes would be increased equally. Therefore,
the increased risk of SCC compared with risk of other
skin cancers observed in this study could not be caused
by medical surveillance. Secondly, the number of skin
cancers in OTRs is small, which might reduce the power
of statistical analysis. Thirdly, although CCI scores for
comorbidities were adjusted in the multivariate models,
certain immune-related conditions might be unadjusted
and confound the results. Finally, the external validity of
our findings may be a concern, because almost all of the
enrolees were Taiwanese (of Asian race). The generali-
zability of the current results to other non-Asian racial
groups requires further verification.

In conclusion, this study reveals that OTRs, patients
on chronic dialysis, older patients, males, and residents
of south Taiwan (which has a high level of solar radia-
tion) have a higher risk of developing SCC than other
skin cancer subtypes.The study provides aetiological
insights into the development of SCC, and highlights that
physicians should be aware of the higher risk of SCC in
these conditions.

www.medicaljournals.se/acta

ACKNOWLEDGEMENTS

This work was financially supported by research grants provi-
ded by Cardinal Tien Hospital, New Taipei City, Taiwan (grant
CTH107A-2A08); and Wan Fang Hospital, Taipei Medical Uni-
versity, Taipei, Taiwan (grant 108-wf-eva-12).

REFERENCES

1. Lomas A, Leonardi-Bee ], Bath-Hextall F. A systematic review
of worldwide incidence of nonmelanoma skin cancer. Br J
Dermatol 2012; 166: 1069-1080.

2. Yanik EL, Pfeiffer RM, Freedman DM, Weinstock MA, Cahoon
EK, Arron ST, et al. Spectrum of immune-related conditions
associated with risk of keratinocyte cancers among elderly
adults in the United States. Cancer Epidemiol Biomarkers
Prev 2017; 26: 998-1007.

3. Madeleine MM, Patel NS, Plasmeijer EI, Engels EA, Bouwes
Bavinck JN, Toland AE, et al. Epidemiology of keratinocyte
carcinomas after organ transplantation. Br J Dermatol 2017;
177: 1208-1216.

4. Mittal A, Colegio OR. Skin cancers in organ transplant reci-
pients. Am J Transplant 2017; 17: 2509-2530.

5. Hartevelt MM, Bavinck JN, Kootte AM, Vermeer BJ, Vanden-
broucke JP. Incidence of skin cancer after renal transplanta-
tion in the Netherlands. Transplantation 1990; 49: 506-509.

6. Jensen AO, Svaerke C, Farkas D, Pedersen L, Kragballe K,
Sgrensen HT. Skin cancer risk among solid organ recipients:
a nationwide cohort study in Denmark. Acta Derm Venereol
2010; 90: 474-479.

7. Hoshida Y, Tsukuma H, Yasunaga Y, Xu N, Fujita MQ, Satoh
T, et al. Cancer risk after renal transplantation in Japan. Int
J Cancer 1997; 71: 517-520.

8. Miyazaki T, Sato S, Kondo T, Kusaka M, Gotoh M, Saiki Y, et
al. National survey of de novo malignancy after solid organ
transplantation in Japan. Surg Today 2018; 48: 618-624.

9. Park HW, Hwang S, Ahn CS, Kim KH, Moon DB, Ha TY, et al.
De novo malignancies after liver transplantation: incidence
comparison with the Korean cancer registry. Transplant Proc
2012; 44: 802-805.

10. Yu S, GaoF, YuJ, Yan S, Wu J, Zhang M, et al. De novo cancers
following liver transplantation: a single center experience in
China. PLoS One 2014; 9: e85651.

11. Lee KF, Tsai YT, Lin CY, Hsieh CB, Wu ST, Ke HY, et al. Cancer
incidence among heart, kidney, and liver transplant recipients
in Taiwan. PLoS One 2016; 11: e0155602.

12. Li WH, Chen Y], Tseng WC, Lin MW, Chen TJ, Chu SY, et
al. Malignancies after renal transplantation in Taiwan: a
nationwide population-based study. Nephrol Dial Transplant
2012; 27: 833-839.

13. Pritchett EN, Doyle A, Shaver CM, Miller B, Abdelmalek M,
Cusack CA, et al. Nonmelanoma skin cancer in nonwhite
organ transplant recipients. JAMA Dermatol 2016; 152:
1348-1353.

14. Hortlund M, Arroyo Mihr LS, Storm H, Engholm G, Dillner J,
Bzhalava D. Cancer risks after solid organ transplantation and
after long-term dialysis. Int J Cancer 2017; 140: 1091-1101.

15. Wang CC, Tang CH, Wang CY, Huang SY, Sue YM. Risk of skin
cancer in patients on chronic haemodialysis: a nationwide,
population-based study in Taiwan. Br J Dermatol 2016; 175:
1175-1182.

16. Wang CC, Tang CH, Huang SY, Huang KC, Sue YM. Risk of
non-melanoma skin cancer in patients with chronic kidney
disease and its relationship to uraemic pruritus. Acta Derm
Venereol 2017; 97: 1230-1234.

17. Chiang CJ, You SL, Chen CJ, Yang YW, Lo WC, Lai MS. Quality
assessment and improvement of nationwide cancer regist-
ration system in Taiwan: a review. Jpn J Clin Oncol 2015;
45: 291-296.

18. Romano PS, Roos LL, Jollis JG. Adapting a clinical comorbidity
index for use with ICD-9-CM administrative data: differing



ActaDV

ActaDV

19.

20.

21.

22.

23.

24.

25.

26.

27.

perspectives. J Clin Epidemiol 1993; 46: 1075-1079.
Health promotion administration, ministry of health and
welfare, Taiwan. Cancer registry data. Available from: https:
//www.hpa.gov.tw/Pages/List.aspx?nodeid=269.

Green AC, Olsen CM. Cutaneous squamous cell carcinoma: an
epidemiological review. Br J Dermatol 2017; 177: 373-381.
Harwood CA, Toland AE, Proby CM, Euvrard S, Hofbauer
GFL, Tommasino M, et al. The pathogenesis of cutaneous
squamous cell carcinoma in organ transplant recipients. Br
J Dermatol 2017; 177: 1217-1224.

Silverberg MJ], Leyden W, Warton EM, Quesenberry CP Jr,
Engels EA, Asgari MM. HIV infection status, immunodefi-
ciency, and the incidence of non-melanoma skin cancer. J
Natl Cancer Inst 2013; 105: 350-360.

van den Heuvel TR, Wintjens DS, Jeuring SF, Wassink MH,
Romberg-Camps MJ, Oostenbrug LE, et al. Inflammatory
bowel disease, cancer and medication: cancer risk in the
Dutch population-based IBDSL cohort. Int J Cancer 2016;
139: 1270-1280.

Pouplard C, Brenaut E, Horreau C, Barnetche T, Misery L,
Richard MA, et al. Risk of cancer in psoriasis: a systematic
review and meta-analysis of epidemiological studies. J Eur
Acad Dermatol Venereol 2013; 27 Suppl 3: 36-46.

Kaysen GA. The microinflammatory state in uremia: causes
and potential consequences. J Am Soc Nephrol 2001; 12:
1549-1557.

Betjes MG, Meijers RW, Litjens NH. Loss of renal function
causes premature aging of the immune system. Blood Purif
2013; 36: 173-178.

Hensler S, Mueller MM. Inflammation and skin cancer. Old

28.

29.

30.

31.

32.

33.

34.

35.

36.

SCC in OTRs and patients on chronic dialysis 1281

pals telling new stories. Cancer J 2013; 19: 517-524.
Kawanishi S, Ohnishi S, Ma N, Hiraku Y, Murata M. Crosstalk
between DNA damage and inflammation in the multiple steps
of carcinogenesis. Int J Mol Sci 2017; 18 pii: E1808.
Johannesdottir SA, Chang ET, Mehnert F, Schmidt M, Olesen
AB, Sgrensen HT. Nonsteroidal anti-inflammatory drugs and
the risk of skin cancer: a population-based case-control
study. Cancer 2012; 118: 4768-4776.

Reinau D, Surber C, Jick SS, Meier CR. Nonsteroidal anti-
inflammatory drugs and the risk of nonmelanoma skin cancer.
Int J Cancer 2015; 137: 144-153.

Bottazzi B, Riboli E, Mantovani A. Aging, inflammation and
cancer. Semin Immunol 2018; 40: 74-82.

Ferrucci L, Fabbri E. Inflammageing: chronic inflammation in
ageing, cardiovascular disease, and frailty. Nat Rev Cardiol
2018; 15: 505-522.

Gubbels Bupp MR. Sex, the aging immune system, and ch-
ronic disease. Cell Immunol 2015; 294: 102-110.

Damian DL, Patterson CR, Stapelberg M, Park J, Barnetson
RS, Halliday GM. UV radiation-induced immunosuppression
is greater in men and prevented by topical nicotinamide. ]
Invest Dermatol 2008; 128: 447-454.

Qureshi AA, Laden F, Colditz GA, Hunter DJ]. Geographic
variation and risk of skin cancer in US women. Differences
between melanoma, squamous cell carcinoma, and basal cell
carcinoma. Arch Intern Med 2008; 168: 501-507.

Lindelof B, Dal H, Wolk K, Malmborg N. Cutaneous squamous
cell carcinoma in organ transplant recipients: a study of the
Swedish cohort with regard to tumor site. Arch Dermatol
2005; 141: 447-451.

Acta Derm Venereol 2019



