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Skin cancer in survivors of childhood and adolescent cancer
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The incidence of basal cell carcinoma (BCC) has been related to ionizing radiation, partic-
ularly for exposure occurring at young age. In this study, we considered the incidence of
second skin neoplasms in long-term survivors from childhood cancer. We considered sec-
ond primary cancers occurring among 776 subjects (436 males, 340 females) with first pri-
mary cancer diagnosed before age 20 years, between 1974 and 2001, in the Swiss Cantons of
Vaud and Neuchatel (786,000 inhabitants). Five BCC were observed versus 0.43 expected
(standardized incidence ratio: 11.6, 95% confidence interval: 3.7-27.1). No case of cutaneous
squamous cell carcinoma, nor of malignant melanoma was observed. The estimated radi-
ation doses at 1 mm through the skin ranged between 7 and 27 Sv. These data confirm that
BCC are strongly related to ionizing radiation exposure in childhood. All the BCC were
located within the radiation field, thus indicating that ionizing radiation is the key aetiolog-
ical factor, even in the absence of any meaningful interaction with UV.

© 2006 Elsevier Ltd. All rights reserved.

1. Introduction

compatible with some excess risk for cutaneous malignant
melanoma (CMM) and Bowen’s tumour, but the data were

The incidence of basal cell carcinomas (BCC) is increased
among atomic-bomb survivors in Hiroshima and Nagasaki.
Although the overall relative risk (RR) of BCC in the Life Span
Study (LSS) cohort of 79972 people with dose estimates was
only 1.26, an approximately 10-fold excess risk was observed
in subjects exposed to >2 Sv. The RR was also inversely and
strongly related to age at exposure, with excess RR per Sv of
21 in those exposed before age 10; of 6.7 for those at age 10-
19; of 1.7 at age 20-39; and of 0.7 at age >40. The excess abso-
lute risk of BCC per unit surface area related to atomic-bomb
radiation, but did not differ between UV-exposed and unex-
posed parts of the body.? No excess was observed for squa-
mous cell skin cancer (SCC), while the results were
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inadequate for any meaningful inference.’

Studies from the USA? and Israel* have shown excess skin
cancer in children irradiated for tinea capitis or thymic
enlargement,’ although the dose-risk relation and the effect
of low doses remain unclear.® Among adults, in a cohort study
of 1805 participants in a skin cancer prevention trial in the
USA, followed-up for an average of 4 years, the RR for time
to first new BCC associated with previous radiation therapy
was 1.7 and that of total BCC was 2.3, while no excess was ob-
served for SCC.” A population-based case-control study on
592 cases of BCC and 289 of SCC aged 25-74, and on 536 con-
trols from New Hampshire found RRs of 3.30 for BCC and of
2.94 for SCC among therapeutically irradiated subjects on
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the site of tumour occurrence. For both histologies, the RR
was higher when radiation therapy was performed under
age 20. Information on radiation therapy, however, was self-
reported, and hence subject to recall bias, and the apparent
excess risk of SCC was restricted to UV exposed areas.®

The incidence of BCC, but not of SCC, was significantly ele-
vated in a cohort of 65304 US white radiologic technologists
(RR: 1.42, 2.04 and 2.16 among subjects who first worked,
respectively, during the 1950s, the 1940s and before as com-
pared to those first employed after 1960, and hence likely ex-
posed to lower doses), and the RRs were not modified by UV
exposure, although was significantly stronger among individ-
uals with lighter eye and hair colour.’

Most survivors of childhood cancer have been heavily ex-
posed to radiation. We considered, therefore, the incidence
of second neoplasms in long-term survivors from childhood
cancer, using data from the cancer Registries of Vaud and
Neuchétel, Switzerland. Careful monitoring and systematic
pathologic examination of skin lesions has long been per-
formed in these populations,’® thus allowing the computation
of valid and accurate measures of expected numbers of
events.

2. Materials and methods

The present series comprised 776 (436 males, 340 females) first
primary cancers diagnosed in patients aged <20 years between
1974 and 2001 in the Swiss Cancer Registries of Vaud and
Neuchétel (covering 786,000 inhabitants in 2000).*"*2 These in-
cluded 193 cases of leukaemias, 107 of brain neoplasms, 62 of
Hodgkin’s disease, 57 of bone and joints neoplasms, 50 of non-
Hodgkin’s lymphomas, 47 of soft tissue neoplasms, 32 of tes-
ticular cancers, and 228 of miscellaneous other neoplasms.
The registries are tumour based, and multiple primary malig-
nancies found in the same person are entered separately. The
information available includes socio-demographic character-
istics of the patient (age, gender), the primary site and histo-
logical type of all tumours according to the standard
International Classification of Diseases for Oncology, Ninth
Revision (ICD-0-9),"® and the dates of diagnoses. The rate of
histological confirmation was 94% and median age was 10.2
years at diagnosis of the first primary tumour. Cases known
only through death certificates amount to fewer than 5% of
the average number of cases registered per year.

Patients were routinely followed up to the end of 2001 (to-
tal follow-up period, 1974-2001) through linkage with cancer
registration' for the occurrence of a BCC diagnosed as a sec-
ond primary, migration or death, for a total of 6283 person-
years (3422 for males, 2861 for females) of observation.

Cumulative risk was computed using the standard life-ta-
ble approach. Computation of expected numbers was based
on site-, quinquennial age- and calendar-year specific inci-
dence rates multiplied by the observed number of person-
year at risk. The significance of the observed/expected ratios
(standardized incidence ratio, SIR) and the corresponding
95% confidence intervals (CI) was based on the exact Poisson
distribution.™

For the determination of the dose delivered to the skin ba-
sal cell layer by radiation therapy, we took into account the
build-up effect associated with high-energy X-ray beams. Be-

cause the secondary electrons may travel some distance be-
fore coming to rest, the distribution of energy transferred
from X-rays to secondary electrons can be different to the dis-
tribution of energy deposited (absorbed dose) in the tissue. At
high photon energies, only a small amount of dose is depos-
ited in the skin and superficial tissues.

Dose delivered in the first few millimetres of tissue was
measured with an ionising chamber for a 6 MV beam of a lin-
ear accelerator, a cobalt-60 unit and a 250 kV X-ray tube. Since
the field sizes used to treat the patients in the study were not
known, measurements were made for 5x5cm? and
20 x 20 cm? fields. These sizes represent the minimum and
maximum probable beam sizes for the patient studied. The
dose to the basal cell layer of the skin was determined from
these measurements for each patient.’®?” The estimated dose
is the sum of the dose delivered by the anterior-posterior
beam (entrance dose) and the posterior-anterior beam (exit
dose), assuming that the prescribed dose is a mid-distance
in the patient.

3. Results

Over the period considered, five BCC (2 in males, 3 in females)
were observed in subjects diagnosed with a first primary can-
cer at age <20, versus 0.43 expected, corresponding to a SIR of
11.6 (95% confidence interval (CI), 3.7-27.1). The SIR was 10.3
in males and 12.8 in females, 40.5 for the first primary cancer
diagnosed at age <10 (2 BCC), and 7.9 for those (1 BCC in
males, 2 in females) diagnosed at age 10-19. All five second
BCC were diagnosed > 10 years following diagnosis of first pri-
mary (SIR: 14.9). No case of SCC or CMM was observed.

Table 1 gives the summary of demographic, clinical char-
acteristics and radiation history of the 5 cases of BCC. This
series comprised three cases of Hodgkin’s disease diagnosed
at ages 16 and 17, one cerebral astrocytoma, and one non-
Hodgkin’s lymphoma. All of these received radiation treat-
ment, with estimated radiation doses at 1 mm through the
skin ranging between 7 and 27 Sv. All the BCC were located
within the radiation field.

4, Discussion

The present data confirm that basal cell carcinomas are re-
lated to ionizing radiation, and that the RRs are grossly ele-
vated (over 10-fold) for exposure occurring at younger age.
All five cases that developed basal cell skin cancers were ex-
posed to high skin doses. The study also confirms the absence
of excess risk of SCC, for at least 20 years, as reported from
findings of: the LSS cohort of A-bomb survivors;? the US co-
hort of radiologic technologists;’ several studies of treatment
of benign conditions in adulthood;"* and therapy of malig-
nant conditions in adults.*®” However, the issue of long-term
effects on SCC still remains unclear.® The RRs of the present
study on children were however larger than the approxi-
mately 2- to 3-fold excess observed after radiation therapy
in adults,” although the CI was wide, given the small absolute
number of BCC.

Although the population studied has long been carefully
monitored for skin neoplasms, all skin lesions being system-
atically excised,’® underestimation may be present in the
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Vital status

Second primary skin BCC

First primary

Sex

Case No.

Anatomical site

Age at
diagnosis

Estimated skin

Radiation therapy

Type of neoplasm,
calendar year of diagnosis

Age at
diagnosis

dose (Sv)

Alive

Retro-auricular

27

Cobalt therapy (assumed), assumed

standard regimen of 50 Gy

Vermis, astrocytoma, 1974

Alive

Supra-clavicular

20

Betatron 35 MeV (assumed), assumed

dose of 12 Gy

B-cell NHL, stage III, 1980

Alive

Back

Cobalt therapy; mediastinum, 24

HD-NS, 1977

16

cervical, supra-clavicular: 4500 R;

axillae: 4000 R

Alive

Back

34

21

Cobalt therapy; mediastinum,

HD-NS, stage IIAa, 1976

16

supra-clavicular, cervical, axillae: 4000 R
LINAC 6 MeV; mantle ant.: 44 Gy;

jugal bilateral: 40 Gy

Deceased, age 34

Face

34

23

HD-NS, stage I, 1985

17

Vaud and Neuchétel Cancer Registries, 1974-2001.

BCC, basal cell carcinoma; Gy, Gray; HD, Hodgkin’s disease; LINAC, linear accelerator; NHL, non-Hodgkin’s lymphoma; NOS, not otherwise specified; NS, nodular sclerosis; and Sv, Sievert.

computation of expected numbers. Since subjects who had a
childhood cancer may have selective access to medical exam-
ination, they may have more frequent diagnosis of BCC. Given
the young age of this cohort however, it is unlikely that such
bias may have materially influenced any of the estimates, and
can hardly explain the over 10-fold excess risk observed. The
lack of excess risk of SCC is also an indication of the absence
of major registration bias of skin cancers in this population.

These excess risks of BCC, but not of SCC, have been re-
lated to the fact that over two thirds of the proliferating stem
cells are located in the basal layer of the epidermis, which is
consequently more radiosensitive.'®° All the BCC were in
irradiated parts of the body, thus indicating that ionizing radi-
ation is the key aetiological factor, even in the absence of any
meaningful interaction with UV.°
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