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Abstract

The aim of this study was to determine therapy-related risk factors for the development of melanoma after childhood cancer.
Among 4401 3-year survivors of a childhood cancer in eight French and British centres and 25 120 patients younger than 20 years

old at first malignant neoplasm (FMN) extracted from the Nordic Cancer Registries, 16 patients developed a melanoma as a second
malignant neoplasm (SMN). A cohort study of the French and British cohorts was performed. In a nested case–control study, the
16 patients who developed a melanoma as a SMN (cases) were matched with 3–5 controls in their respective cohort according to

gender, age at the first cancer, the calendar year of occurrence of the first cancer and follow-up. Radiotherapy appeared to increase
the risk of melanoma for local doses >15 Gy, Odds Ratio (OR)=13 (95% Confidence Interval (CI): 0.94–174). Regarding
chemotherapy, we observed an increased OR for both alkylating agents and spindle inhibitors, OR=2.7 (95% CI: 0.5–14). Children
treated for a gonadal tumour as a FMN were found to be at a higher risk of melanoma, OR=8.7 (95% CI: 0.9–86). The adjusted

OR for the local radiation dose was 1.07 (95% CI: 1.00–1.15). In conclusion, radiotherapy may contribute to an increased risk of
melanoma as a SMN, but only at very high doses of low linear energy transfer radiation. Common genetic origins between gonadal
tumours and malignant melanomas are likely.

# 2003 Elsevier Ltd. All rights reserved.
1. Introduction

As survival following childhood cancer improves,
more survivors are ‘at risk’ for second malignancies [1].
In large cohort studies with long follow-up times, 5–
10% of children treated for a first malignancy developed
subsequent tumours [2,3]. Although melanoma is rare in
childhood and adolescence, recent reports indicate a rise
in its incidence [4,5].

Melanoma as a second malignant neoplasm (SMN)
after a first malignant neoplasm (FMN) during child-
hood cancer has been reported in bone marrow trans-
plant recipients [6] and after retinoblastoma [7]. Some
secondary melanomas developed in radiation fields, but
it is not clear whether this was related to radiotherapy
[7]. In patients treated for childhood malignancies,
chemotherapy increases the number of benign naevi [8],
one of the most common risk factors for melanoma in
the general population [9].
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The quantification of melanoma occurrence as a
SMN and its relationship, if any, with radiotherapy,
chemotherapy and the type of first cancer during child-
hood could provide a rational basis for the design of
future treatment protocols. To date, no published study
has estimated the relationship between the radiotherapy
dose received at a given site in the body and the risk of
melanoma at that site. This paper reports on a case–
control study, nested in two European cohorts of
patients treated for a first cancer in childhood.
2. Patients and methods

2.1. Study population

2.1.1. Nordic cohort
A cohort of childhood cancer patients was constituted

of individuals diagnosed before the age of 20 years with
a malignancy (solid or not), that was recorded in one of
the five Nordic National Cancer Registries between
1960 and 1987. There were 25 120 individuals (13 947
males and 11 173 females) who were followed-up
through December 1991 for the date of the onset of
SMN, the date of death or the date of emigration,
whichever occurred first. The average follow-up time
was 7.5 years (range 0–32 years). The data collection
and coding methods employed by each registry have
been previously described in detail in Ref. [10].

2.1.2. French and British cohort
A cohort of 4401, at least 3-year survivors treated for

a solid cancer during childhood in eight centres in
France and Great Britain, between 1942 and 1986, was
constituted. Clinical and pathological characteristics of
the cancer, the type of treatment and detailed informa-
tion on chemotherapy were extracted from hospital
clinical records by physicians. Radiotherapy data were
obtained from the technical records, by clinicians or
hospital physicists. All details concerning this cohort
have previously been described in Ref. [2]. The cut-off
date was 1 January 1993 for patients treated in French
centres, and 1 January 1991 for those treated in British
centres, which means that no data were collected
beyond these two dates.

2.2. Cohort study

This cohort study focused exclusively on the French
and British cohorts; results concerning the Nordic
cohort have been reported in a previous publication
[10]. The follow-up period was defined as the interval
between the date of the diagnosis of the first cancer and
the date of onset of a melanoma as a SMN or the date
of the last follow-up. The expected number of melano-
mas as a SMN was obtained for each gender, 5-year age
group and 5-year calendar period, by multiplying the
reference incidence rates by the number of person-years
at risk (PYR). We used the estimations of the French
national cancer incidence rates for patients treated in
French centres [11] and the United Kingdom national
cancer incidence rates for those treated in Great Britain
[12] as the reference rates. Both French and United
Kingdom national cancer incidence rates were age-
adjusted. The ratio between the observed number and
the expected number of melanomas as a SMN, i.e. the
standardised incidence rate (SIR), was calculated
assuming that the number of melanomas followed a
Poisson distribution [13]. Annual excess incidence (AEI)
was defined as the difference between the observed and
the expected number of SMN, divided by the number of
person-years of follow-up. The cumulative incidence of
melanoma was estimated using the Kaplan–Meier
method and Greenwood’s variance was used to estimate
the corresponding confidence intervals (CIs). AMFIT
Software was used for the cohort analysis [14]. Statis-
tical tests were performed by comparing the deviance of
nested models [13].

2.3. Case–control study

16 subjects had developed a melanoma as a SMN
after a first cancer other than a melanoma in both
cohorts, 10 in the Nordic cohort and six in the French
and British cohort. Dosimetric reconstruction was not
possible for one case in the Nordic cohort for whom the
received dose was missing. Each of the 16 cases was
matched with 3–5 controls that were randomly extrac-
ted from the cohort to which the case belonged. The
matching criteria we used were gender, age at first can-
cer (�3 years), the calendar year of occurrence of first
cancer (�3 years) and follow-up. These criteria are
those frequently used in this type of case–control study
nested in a cohort [15]. Controls were not matched for
the type of first cancer to avoid over-matching, since the
type of first cancer was strongly correlated with the type
of treatment. Moreover, we specifically wanted to
investigate the separate role of the type of first cancer.
Controls had to be followed-up over a period that was
at least equal to the interval between the first and the
second cancer of the matched case. This period was
defined as the follow-up period. Conditional logistic
regression was used to analyse the risk of malignant
melanoma as a function of radiation, chemotherapy and
FMN [16]. The significance of various parameters was
tested by comparing nested models using likelihood
ratio tests in Epicure epidemiological software [14].

2.4. Medical record extraction

Medical records of all cases and controls were scruti-
nised and data extracted and collected. Predefined
2380 S. Guérin et al. / European Journal of Cancer 39 (2003) 2379–2386



registration forms were completed by investigators
blinded as to whether the individual was a case or a
control. The diagnoses of FMN and SMN were verified
and the site and the histological type were coded. Dates
for relapse(s) of FMN, as well as for all treatments of
primary FMN and treatments of relapses were recorded.

2.4.1. Chemotherapy agents
These were classified into five drug categories: alkyl-

ating agents and related compounds, spindle inhibitors,
inhibitors of nucleotide synthesis, topoisomerase II
inhibitors and other drugs. In order to quantify the total
amount of drug in each chemotherapy subgroup, we
converted the dose of each cytotoxic expressed in mg/m2

into mol/m2. We then added up the number of mol/m2

for each drug category. The dose of each drug received
by each case or control either as initial treatment or for
recurrences of the first cancer were summed over the
follow-up period.

2.4.2. Radiotherapy files
These were scrutinised for relevant data. We first

determined the location of the melanoma area for each
case and a similar area for each matched control, in
order to ascertain the radiation doses received in these
areas, whatever the treated volume. Patients and their
radiotherapy beam arrangements were simulated using
the Dos_EG software [17]. Originally, no correction was
made in Dos_EG for entrance surface dose accumulation
nor for the lack of full backscatter at the exit side of
the beam. As the structure of interest for melanoma is the
basal cell layer located approximately 70 mm below the
outer surface of the skin as well as the first millimetres
of tissue, corrections were necessary when the melanoma
area was included in the beam or near the beam borders.
We used the investigations of a number of authors based
on results using very thin dosimeters and analyses [18–20]
to establish correction factors from tissue doses to skin
doses [19,20]. When melanoma areas were remote from
the beam borders, the discrepancy between skin and
deeper doses (calculated by Dos_EG) was small, hence
no correction was made and the doses calculated by
Dose_EG were taken into account. The local radiation
dose was defined as the cumulative absorbed dose at the
site of the melanoma for the case, and at the same site
for its matched controls, during the follow-up period
minus 3 years corresponding to the minimal latency
period, for the occurrence of a radiation-induced cancer.
3. Results

3.1. Cohort study

Of the 4401 patients in the French and British cohort,
509 (11.6%) were lost to follow-up, and 554 (12.6%)
died before the end of the study. The mean follow-up
duration was 15 years (range 3–48 years), and the mean
age attained at the end of the follow-up period was 21
years (3–58 years). The total number of person-years at
risk after 30 years of follow-up was 1380. A total of six
melanomas as a SMN were observed 3 years or more
after the diagnosis of the first cancer; 0 among the 1215
patients treated in British centres and 6 among the 3,186
patients treated in French centres. No melanoma was
observed in the family history of any of the 6 cases and
1 case belonged to a family affected by the Recklinghausen
syndrome. The overall cumulative incidence of mela-
noma was 0.02% (standard deviation (S.D.)=0.02%),
10 years after the diagnosis of the first cancer, 0.09%
(S.D.=0.05%), 20 years after and 0.4% (S.D.=0.19%)
30 years after. From the general population, a total of
0.66 melanoma were expected in the cohort, yielding a
SIR of 9.1 (95% CI: 3.6–18) for melanoma as a SMN.
The mean AEI per 100 000 person-years of follow-up
was 7.3 (95% CI: 1.7–17). When the time since the
diagnosis of the first cancer was taken into account, the
AEI was found to increase, but non-significantly
(P=0.2) (Table 1). All melanomas occurred after
radiotherapy, two of which were also treated with
chemotherapy. The SIRs for patients treated with
radiotherapy alone and for patients treated with radio-
therapy plus chemotherapy were 6.4 (95% CI: 1.1–20)
and 21 (95% CI: 6.4–48) (Table 2), respectively.
Table 1

Occurrence of melanoma as a SMN in 4401 3-year survivors of a childhood cancer according to time since diagnosis
Time since

diagnosis (years)
PYR
 Second malignant

neoplasms (SMN)
Annual incidence/100 000

persons (95% CI)
SIR (95% CI)
Observed
 Expected
 Total
 AEI
 P for trend
3–9
 31 583
 1
 0.09
 3.2 (0.2–14)
 3.2 (0.2–14)
 12 (0.7–51)
10–19
 20 242
 2
 0.23
 9.9 (1.6–31)
 7.9 (0.3–28)
 0.2
 8.8 (1.5–27)
20–29
 6838
 3
 0.25
 44 (11–114)
 39 (6.2–109)
 12 (3.0–31)
530
 1380
 0
 0.09
 –
 –
All
 60 043
 6
 0.66
 10.0 (4.0–20)
 7.3 (1.7–17)
 9.1 (3.6–18)
PYR, person years at risk; AEI, annual excess incidence; SIR, standardised incidence ratio; 95% CI, 95% Confidence Interval.
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3.2. Case–control study

The individual characteristics of the 16 subjects who
developed a melanoma after a FMN are detailed in
Table 3. 4 cases were males and 12 were females
(Table 4). The site of melanoma was the trunk in 6
cases, lower limb in 6 cases, head in 3 cases and no site
was mentioned for 1 case. The first cancer was a tumour
of the central nervous system (CNS) (4 cases), a gonadal
tumour (3 cases), a Wilms’ tumour (2 cases), retino-
blastoma (2 cases), Hodgkin’s lymphoma (2 cases), soft-
tissue sarcoma (1 case), neuroblastoma (1 case) and
other cancer (1 case). The mean age at the first cancer
was approximately 9 years in both cases and controls
with a range of (1–18) and (0–19), respectively. The
mean interval between the first cancer and the occur-
rence of melanoma was 18 years (range 4–30 years), and
the mean age at which melanoma occurred was 27 years
(range 16–44 years).
12 cases (75%) and 45 controls (60%) received radio-
therapy as treatment for their first cancer. The beam
energies used for the treatment of the first cancer were:
Cobalt-60 gamma rays, high energy X-rays, low energy
X-rays and electrons, the most frequent being Cobalt (8
cases and 24 controls treated). The mean local dose was
15.5 Gy for cases (range 0.03–51) and 3.1 Gy for con-
trols (range 0–43) (Table 4). The local dose was missing
for 2 cases and 3 controls: the melanoma site was miss-
ing for 1 case so no local dose was assessed for this
patient and its 3 controls who received radiotherapy. It
was not possible to estimate the radiation dose for the
second case. Two melanomas were adjacent to the
radiation fields (corresponding local doses were 8 and
14 Gy) and three were in the radiation fields (corre-
sponding local doses were 37, 45 and 51 Gy). The risk of
melanoma was found to be linked to the local radiation
dose (P=0.05), although this result was borderline sig-
nificant. An increasing risk of melanoma was observed
Table 2

Occurrence of melanoma as a SMN in 4401 3-year survivors of a childhood cancer according to treatment
Treatment
 Patients
 PYR
 Second malignant

neoplasms
Annual incidence/100 000

persons (95% CI)
SIR (95% CI)
Observed
 Expected
 Total
 AEI
No CTor RT
 399
 7021
 0
 0.11
 –
 –
 –
RT alone
 1029
 18 681
 2
 0.31
 11 (1.8–33)
 8.7 (3.7–31)
 6.4 (1.1–20)
CT alone
 889
 8698
 0
 0.05
 –
 –
 –
CT+RT
 2084
 25 644
 4
 0.19
 16 (4.8–36)
 12 (2.1–33)
 21 (6.4–48)
CT, chemotherapy; RT, radiotherapy.
Table 3

Individual characteristics of 16 cases of melanoma in 4401 3-year survivors of a childhood cancer
Sex
 Cohort
 Diagnosis of FMN
 Treatment of FMN
 Melanoma as a SMN
Diagnostic group
 Year
 Age

(years)
CT
 RT
 Beam quality
 RT dose

(Gy)
Mean

fraction
Year
 Age

(years)
Site
M
 N
 Retinoblastoma
 1964
 1
 No
 No
 0
 1987
 24
 Scapula
M
 N
 Hodgkin’s lymphoma
 1962
 17
 Yes
 Yes
 O/C
 51
 17
 1985
 40
 Scapula
M
 N
 Gonadal tumour
 1960
 14
 No
 Yes
 C
 0.09
 24
 1990
 44
 Scapula
F
 N
 Gonadal tumour
 1967
 18
 No
 Yes
 C
 0.03
 20
 1983
 34
 Foot
F
 N
 Gonadal tumour
 1963
 13
 No
 Yes
 N.A.
 N.A.
 1986
 37
 Iliac crest
F
 N
 CNS tumour
 1965
 9
 No
 No
 0
 1988
 32
 Tibia
F
 N
 Retinoblastoma
 1969
 2
 No
 No
 0
 1989
 22
 Femur
F
 N
 Others
 1970
 6
 No
 No
 0
 1986
 22
 Mouth
F
 N
 Hodgkin’s lymphoma
 1967
 13
 Yes
 Yes
 C/H/E
 N.A.
 20
 1975
 21
 N.A.
F
 N
 Neuroblastoma
 1973
 4
 Yes
 Yes
 H
 0.07
 14
 1989
 20
 Femur
F
 FB
 Wilms’ tumour
 1965
 1
 Yes
 Yes
 O/C
 8.3
 15
 1990
 27
 Rib
F
 FB
 CNS tumour
 1967
 14
 No
 Yes
 H
 0.3
 16
 1979
 26
 Knee
F
 FB
 Wilms’ tumour
 1969
 8
 Yes
 Yes
 C
 14
 19
 1991
 30
 Rib
F
 FB
 Soft tissue
 1971
 3
 No
 Yes
 E
 45
 15
 1992
 25
 Eye
M
 FB
 CNS tumour
 1974
 13
 No
 Yes
 C/E
 0.03
 12
 1978
 17
 Foot
F
 FB
 CNS tumour
 1979
 3
 No
 Yes
 C
 37
 22
 1991
 16
 Eye
FMN, first malignant neoplasm; M, male; F, female; N, Nordic cohort; FB, French and British cohort; C, cobalt-60 gamma rays; H, high energy

X-rays; O, low energy X-rays; E, electrons; NA, not available; CNS, central nervous system.
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specifically for local doses >15 Gy, OR=13 (95% CI:
0.94–174) (Table 5). When patients who received 17
fractions or less were compared with those who received
more than 17 fractions of radiotherapy, fractionation of
the radiation dose was found to have no effect
(w2=0.11, P=0.7).

5 cases (31%) and 13 controls (17%) received chemo-
therapy. Alkylating agents were administered to 3 cases
and 7 controls, whereas 4 cases and 8 controls received
spindle inhibitors (Table 4). As most of the patients
received both types of drugs, we decided to investigate
the relationships between the risk of melanoma as a
SMN and a generated chemotherapy variable defined as
follows: recipients of both alkylating agents and spindle
inhibitors versus all other recipients of chemotherapy.
The risk of melanoma was found to increase when both
alkylating agents and spindle inhibitors were used,
crude OR=2.7 (95% CI: 0.5–14) and even after adjust-
ment for the local radiation dose, adjusted OR=2.0
(95% CI: 0.3–14), albeit non-significantly. An increasing
Table 4

Characteristics of cases and controls
Cases (n=16)
 Controls (n=75)
Male
 4 (25%)
 18 (24%)
Age in years at first cancer, mean (min–max)
 8.7 (1–18)
 8.6 (0–19)
Year first cancer of diagnosed, mean (min–max)
 1968 (1960–1979)
 1968 (1958–1979)
Morphology of first cancer
Ewing’s sarcoma
 0
 2
Other bone sarcomas
 0
 3
Soft tissue
 1
 4
Neuroblastoma
 1
 3
Wilms’ tumour
 2
 14
CNS tumour
 4
 20
Retinoblastoma
 2
 5
Hodgkin’s lymphoma
 2
 8
Non-Hodgkin’s lymphoma
 0
 2
Gonadal tumour
 3
 3
Leukaemia
 0
 4
Others
 1
 7
Radiotherapy
 12 (75%)
 45 (60%)
Cobalt/high energy X-rays/low energy X-rays/electrons, no. of patientsa
 8/3/2/3
 24/12/12/3
Fractions, mean (min–max)
 18 (12–24)
 17 (4–36)
Total duration in days, mean (min–max)
 68 (23–198)
 37 (2–83)
Local dose (Gy), mean (min–max)
 15.5 (0.03–51)
 3.1 (0–43)
Chemotherapy
 5 (31%)
 13 (17%)
Mol/m2, mean (min–max)
 15 (0–35)
 150 (0–641)
Alkylating agents, no. of patients
 3
 7
Cyclophosphamide/procarbazine/mustine, no. of patientsb
 2/2/2
 6/2/1
Mol/m2, mean (min–max)
 15 (0–35)
 36 (0–129)
Spindle inhibitors, no. of patients
 4
 8
Vincristine/vinblastine, no. of patients
 3/1
 7/1
Mol/m2, mean (min–max)
 0.03 (0–0.08)
 0.02 (0–0.09)
Topoisomerase II inhibitors, no. of patients
 2
 7
Inhibitors of nucleotide synthesis, no. of patients
 0
 5
Other drugs, no. of patients
 0
 2
a Some patients were treated with more than one type of machine.
b Some patients received more than one of these drugs.
Table 5

Odds Ratio (OR) of melanoma as a function of the local radiation dose
Cases/controls
 Mean dose in controls
 Unadjusted OR (95% CI)
 P value
No RT
 4/33
 0a
 1a
 0.05b
(0–1 Gy)
 5/29
 0.16
 1.4 (0.28–7.0)
(1–15 Gy)
 2/6
 1.4
 3.2 (0.37–27)
>15 Gy
 3/4
 29
 13 (0.94–174)
Unknown dose 2/3
a Reference category.
b Likelihood ratio test for an exponential model with the dose as a continuous variable.
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risk of melanoma was observed when the OR associated
with radiotherapy alone, OR=1.2 (95% CI: 0.27–5.5)
was compared with that associated with chemotherapy
plus radiotherapy, OR=4.6 (95% CI: 0.84–25)
(Table 6). No significant interaction was found between
chemotherapy (coded as yes/no) and the local radiation
dose (P=0.19).

3 cases and 3 controls were treated for a gonadal
tumour as the first cancer. 5 of them had an ovarian
tumour whose histological type was dysgerminoma in 4
cases and granulosa cell tumour in 1 case. One patient
had an embryonal carcinoma in the testicle. Children
treated for a gonadal tumour as a FMN were found to
be at a higher risk of melanoma as a SMN, crude
OR=8.7 (95% CI: 0.9–86), and even after adjustment
for the local radiation dose, adjusted OR=5.5 (95% CI:
0.5–57), but this increasing risk was non-significant. In a
logistic model including the local radiation dose, chemo-
therapy and the type of first cancer simultaneously, the
local radiation dose was the only factor that had a sig-
nificant impact on the risk of melanoma, adjusted
OR=1.07 (95% CI: 1.00–1.15) (Table 7).
4. Discussion

This cohort study demonstrated that the risk of
developing melanoma after a childhood cancer is 9.1-
fold higher in the French and British cohort (95% CI:
3.6–18) compared with that of the general population.
This result confirms the excess of melanoma as a SMN,
observed in the Childhood Cancer Survivor Study
cohort [1] and in the Nordic cohort [10]. In the case–
control study, the risk of melanoma was found to be
linked to the local radiation dose (P=0.05). An
increasing risk of melanoma was observed for local
doses >15 Gy, OR=13 (95% CI: 0.94–174). Chemo-
therapy containing alkylating agents and spindle inhi-
bitors and/or a gonadal tumour as a FMN were found
to increase the risk of melanoma, but non-significantly.
In the multivariate analysis, only the local radiation
dose had a significant impact on the risk of melanoma,
adjusted OR=1.07 (95% CI: 1.00–1.15), although this
result was borderline significant.

As all ultraviolet (UV)-induced injury to DNA may
potentially be due to ionising radiation, logically ionis-
ing radiation could be expected to cause malignant
melanoma. Until now, this issue has remained con-
troversial and no clear-cut evidence has emerged [21].
Indeed, no excess of melanoma was linked to the radia-
tion dose in the major radio-epidemiological studies
published [22]. This is the first study to produce con-
sistent evidence for a role of the radiation dose in the
risk of malignant melanoma [23].

Concerning environmental exposure to radiation, two
controversies persist. The first is to determine whether
constitutional and/or occupational factors have con-
tributed to an increase in the number of malignant
melanomas observed among employees at the Laurence
Livermore National Laboratory [24,25]. A recent study
based on the National Dose Registry of Canada has
refuelled the debate [26]. The second controversy con-
cerns employees on flights. The epidemiological studies
conducted over the last 20 years provide scant con-
sistent evidence linking malignant melanoma to radia-
tion exposures during air travel as it appears to be
difficult to separate the potential carcinogenic effect of
radiation from the effects of lifestyle in this sub-popu-
lation [27].

Concerning the specific issue of melanoma as a SMN,
two studies focused on this subject. Licata [28] failed to
show an association between ionising radiation and an
increasing risk of melanoma among 164 survivors of
cutaneous T-cell lymphomas followed-up over 6 years
on average; results were based on six melanomas. In
1996, Corpron and colleagues reported 11 cases of mel-
anoma as a SMN after treatment of a childhood cancer,
4 of which developed in an irradiated field after treat-
ment of their first malignancy [7].

Several studies have examined the effects of chemo-
therapy on the total number of benign naevi in children.
In 1990, De Wit and colleagues showed that the median
number of naevocytic naevi was significantly higher in
children who had received chemotherapy for haemato-
logical malignancies when compared with their healthy
siblings [29]. In 1993, Green and colleagues evidenced
an association between treatment for childhood cancer
and acral naevi and suggested that atypical naevi may
also be associated with chemotherapy in childhood [30].

A recent study showed frequent involvement of the
p16 gene and confirmed the role of the CDK4 gene as a
Table 6

Odds ratio (OR) of melanoma as a function of radiotherapy and

chemotherapy
Cases/controls
 OR (95% CI)
RT�CT�
 4/25
 1a
RT�CT+
 0/5
 –
RT+CT�
 7/37
 1.2 (0.27–5.5)
RT+CT+
 5/8
 4.6 (0.84–25)
a Reference category
Table 7

Adjusted odds ratio (OR) of melanoma as a function of the type of

first cancer, local radiation dose and chemotherapy
OR (95% CI)
 P value
Local radiation dose (per Gy)
 1.07 (1.00–1.15)
 0.05
Alkylating agent and spindle

inhibitor (yes/no)
2.6 (0.3–20)
 0.35
Gonadal tumour (yes/no)
 6.4 (0.5–75)
 0.14
2384 S. Guérin et al. / European Journal of Cancer 39 (2003) 2379–2386



melanoma-predisposing gene in familial melanoma [31].
However, human hereditary malignant melanomas
account for a very small percentage (<5%) of all the
melanomas [32]. Little is known about the genetic fac-
tors that mediate susceptibility to, and the outcome of,
sporadic malignant melanoma. Mechanisms which pre-
dispose to sporadic malignant melanoma in adolescence
are probably different from those implicated in familial
forms of the disease as only two of 147 Australian ado-
lescents with malignant melanoma presented germline
variants or mutations of CDKN2A [32].

In our study, we found that children treated for a
gonadal tumour were at a higher risk of melanoma.
This result confirms a previous finding concerning the
excess of melanoma following germ cell tumours [33]. If
mutations of CDKN2A may constitute an initial event
in the development of ovarian carcinoma [34], the asso-
ciation of a gonadal tumour with melanoma observed in
our study could be explained by an initial mechanism
common to the two diseases. Hereditary retinoblastoma
survivors have clearly been identified as being at a
higher risk of melanoma. The excess of melanoma fol-
lowing retinoblastoma [35], is probably due to common
aetiological factors between these two tumour types: the
retinoblastoma protein (pRB) is phosphorylated by
CDK4 and CDK6, the two target kinases of CDKN2A.
5. Conclusion

The results of this study suggest a potential contribu-
tion of radiotherapy and chemotherapy to the risk of
melanoma as a SMN: melanoma may be radio-induced,
but only at very high doses of low linear energy transfer
(LET) radiation (>15 Gy). Given the small number of
cases in our study, further studies, including pooled
cohorts should be set up in order to confirm these pre-
liminary results. Survivors of a childhood malignancy
should be considered at risk for developing melanoma
and suspicious pigmented lesions should be carefully
evaluated. Our result concerning the increased risk of
melanoma after a gonadal tumour need to be con-
firmed.
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