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Objective: To quantify the risk of subsequent primary
cancers among patients with primary cutaneous malig-
nant melanoma.

Design: Population-based registry study.

Setting: We evaluated data from 9 cancer registries of
the Surveillance, Epidemiology, and End Results pro-
gram from 1973-2006.

Participants: We included 89 515 patients who survived
at least 2 months after their initial melanoma diagnosis.

Results: Of the patients with melanoma, 10 857 (12.1%)
developed1ormoresubsequentprimarycancers.Theover-
allriskofasubsequentprimarycancerincreasedby28%(ob-
served to expected [O:E] ratio=1.28). One quarter of the
cancerswere subsequentprimarymelanomas(O:E=8.61).
Womenwithheadandneckmelanomaandpatientsyounger
than30hadmarkedlyincreasedrisks(O:E=13.22and13.40,
respectively) of developing a subsequent melanoma. Sec-
ond melanomas were more likely to be thin than were the

first of multiple primary melanomas (thickness at diagno-
sis�1.00mm,77.9%vs70.3%,respectively;P�.001).Mela-
nomasurvivorshadincreasedriskofdevelopingseveralcan-
cers;themostcommoncancerswithelevatedriskswerebreast,
prostate,andnon-Hodgkinlymphoma(O:E=1.10,1.15,and
1.25, respectively).

Conclusions: Melanoma survivors have an approxi-
mately 9-fold increased risk of developing subsequent
melanoma compared with the general population. The
risk remains elevated more than 20 years after the initial
melanoma diagnosis. This increased risk may be owing
to behavioral factors, genetic susceptibility, or medical
surveillance. Although the percentage of subsequent pri-
mary melanomas thicker than 1 mm is lower than for the
first of multiple primary melanomas, it is still substan-
tial. Melanoma survivors should remain under surveil-
lance not only for recurrence but also for future primary
melanomas and other cancers.
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I N2006,THENATIONALCANCERIN-
stitutepublished theSurveillance,
Epidemiology, and End Results
(SEER) monograph New Malig-
nancies Among Cancer Survivors:

SEER Cancer Registries, 1973-2000,1 which
evaluated the riskofnewmalignant tumors
after cutaneous malignant melanoma and
other firstprimarycancers.Themonograph
foundthat theoverall riskofsubsequentpri-
marycancers,excludingnonmelanomaskin
cancers, increasedby24%amongmelanoma
survivors1andthatmorethan20%ofthenew
malignant tumors were also melanomas.
Studiesofmultipleprimarycancersareuse-
ful toetiological researchandphysiciansbe-
cause they provide clues to shared environ-
mental and genetic risk factors for the first
and later cancers and help to identify indi-
vidualsathigherriskforsubsequentcancers.
Although melanoma is a potentially lethal
form of skin cancer, survival rates are high,
with a 5-year survival rate of 92.3% and
86.9% for white women and men, respec-
tively.2 Hence, the risk of subsequent can-
cer is an important issue for melanoma sur-
vivors. This report updates the 2006 SEER

monograph1 and analyzes risks of new in-
vasive melanomas and other cancers diag-
nosedamongwhitemelanomasurvivorsbe-
tween 1973 and 2006, with an additional
23 456survivorsand6moreyearsof follow-
up.Wealsoexaminetherisksforsubsequent
melanomas according to characteristics of
the initial melanoma, such as anatomic site
and thickness, and we examine the thick-
ness of subsequent melanomas.

METHODS

We evaluated the risk for subsequent invasive
primary cancers among patients diagnosed with
an initial primary cutaneous malignant mela-
noma using data collected from the SEER pro-
gram.2 We included patients diagnosed with
melanoma between 1973-2006 who survived
at least 2 months after their initial diagnosis
and were followed up through December 31,
2006. Only subsequent (second, third, fourth,
etc) primary invasive cancers that were diag-
nosed within 2 months of the initial mela-
noma diagnosis were included in the analysis.
Melanoma recurrences were not analyzed in
this article. Because heightened screening of pa-
tients with cancer during the initial medical
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work-up may identify simultaneous cancers, we excluded from
the calculations the first 2 months of follow-up and the new
malignant tumors diagnosed during this period (n=1005).1 The
SEER coders classified race for individuals using all resources

in the medical facility, including medical records, face sheets,
physician and nursing notes, photographs, and electronic data.3

Options for race were classified according to the 2000 US Cen-
sus Bureau rankings.4 The study was limited to whites be-
cause of the small numbers of patients with melanoma in other
racial groups. The participants were reported to 1 of 9 popu-
lation-based registries encompassing approximately 10% of the
US population and including 5 states (Connecticut, Hawaii, Iowa,
New Mexico, and Utah) and 4 metropolitan areas (Atlanta, De-
troit, San Francisco/Oakland, and Seattle/Puget Sound).2

The SEER data include age at diagnosis, date of diagnosis,
date of death (until December 31, 2006), sex, initial treatment
modality, and, for melanoma, tumor histological characteris-
tics, anatomic site of tumor, and tumor thickness (available since
1988). The major histological subtypes of cutaneous malig-
nant melanoma were defined based on the International Clas-
sification of Diseases in Oncology, 3rd revision (ICD-O-3),5 as fol-
lows: superficial spreading melanoma (category 8743), lentigo
maligna melanoma (8742), acral lentiginous melanoma (8744),
and nodular melanoma (8721). Information on histological sub-
type is limited because there is no centralized pathological re-
view, and 42.5% were reported as melanoma, not otherwise
specified (ICD-O-3 category 8720). Quality assurance in the
SEER program is maintained through on-site monitoring, data
editing, case-finding audits, reabstracting of cases, and vari-
ous educational programs. Standards have established a case
ascertainment rate of 98%, a follow-up rate of 95%, and an over-
all microscopic diagnostic confirmation rate of more than 98%.6

Person-years at risk (PYR) were accumulated for each partici-
pantbeginning2monthsafter initialmelanomadiagnosisandend-
ing at the date of death, the date last known alive, or December
31, 2006. The expected numbers of new cancers of specific types
were estimated by assuming that incidence rates for new primary
tumorscorrespondedtosex,age,andcalendar time–specificSEER
rates for similar invasiveprimarycancersandapplying those rates
to the accumulated person-years of observation. We then calcu-
lated the standardized incidence ratio, as an estimate of the rela-
tive risk, using the observed number of patients (O) divided by
the expected number of patients (E). We estimated the excess ab-
solute risk (EAR) per 10 000 person-years as ([O – E] / PYR) �
10 000.1 Relative risk measures the fold difference (eg, 2-fold) be-
tween theobservedandexpectednumberof events,whereasEAR
measures the actual number of excess events normalized to the
numberofperson-yearsobserved.Therelativerisk(O:E)provides
a useful tool to test etiological hypotheses.7 In contrast, the EAR
is often the most useful measure of risk to assess the impact of the
subsequent public health cancer burden in a specific population
of patients with cancer or when interest centers on the potential
effectiveness of screening or prevention programs.1 We assumed
a Poisson distribution of the observed tumors, and all statistical
tests and 95% confidence intervals (CIs) were 2-sided and based
on an � level of .05.

This population-based study is exempt from institutional
review board approval because it is based on publicly avail-
able SEER data.8

RESULTS

A total of 89 515 patients survived 2 months or longer
following a diagnosis of a primary melanoma. The pa-
tients were followed up for a maximum of 34 years (me-
dian, 9.2 years); 53.4% of the patients were men and 46.6%
were women (Table 1). The median age at first mela-
noma diagnosis was 54 years, with men having a higher
median age at diagnosis than women (56 vs 52 years, re-
spectively). The proportion diagnosed at ages 50 years

Table 1. Characteristics of Patients With Cutaneous
Malignant Melanoma in the 9 SEER Registries
From 1973-2006a

Characteristic Total Men Women

No. of patients
with melanoma

89 515 (100.0) 47 804 (53.4) 41 711 (46.6)

Median age at cancer
diagnosis, y

54 56 52

Median year of cancer
diagnosis

1997 1997 1997

Median person-years at risk 9.2 8.5 10.0
Age at cancer diagnosis, y

�30 7448 (8.3) 2746 (5.7) 4702 (11.3)
30-49 30 534 (34.1) 14 514 (30.4) 16 020 (38.4)
�50 51 533 (57.6) 30 544 (63.9) 20 989 (50.3)

Site of melanoma
Head and neck 16 316 (18.2) 10 834 (22.7) 5482 (13.1)
Trunk 30 402 (34.0) 19 857 (41.5) 10 545 (25.3)
Upper limbs 20 944 (23.4) 10 216 (21.4) 10 728 (25.7)
Lower limbs 18 138 (20.3) 4515 (9.4) 13 623 (32.7)
Multisite/NOS 3715 (4.2) 2382 (5.0) 1333 (3.2)

Histological analysis
of melanoma

SSM 35 506 (39.7) 17 731 (37.1) 17 775 (42.6)
LMM 7416 (8.3) 4359 (9.1) 3057 (7.3)
NM 5630 (6.3) 3526 (7.4) 2104 (5.0)
ALM 643 (0.7) 287 (0.6) 356 (0.9)
NOS 37 278 (41.6) 20 169 (42.2) 17 109 (41.0)
Otherb 2207 (2.5) 1269 (2.7) 938 (2.2)
Unknownc 835 (0.9) 463 (1.0) 372 (0.9)

Initial treatment
Any radiation 1886 (2.1) 1296 (2.7) 590 (1.4)

With surgical
treatment

929 (1.0) 626 (1.3) 303 (0.7)

Without surgical
treatment

957 (1.1) 670 (1.4) 287 (0.7)

No radiation 87 629 (97.9) 46 508 (97.3) 41 121 (98.6)
With surgical

treatment
83 543 (93.3) 44 219 (92.5) 39 324 (94.3)

Without surgical
treatment

4086 (4.6) 2289 (4.8) 1797 (4.3)

No. of patients with
multiple cancersd

2 Cancers only 9348 (10.4) 5701 (11.9) 3647 (8.7)
3 Cancers only 1290 (1.4) 842 (1.8) 448 (1.1)
�4 Cancers 219 (0.2) 148 (0.3) 71 (0.2)

Histologically confirmed, %d

First and second cancers 96.8 96.5 97.2
All subsequent cancers 96.4 96.1 96.9
Initial melanoma only 2.8 3.0 2.4

Abbreviations: ALM, acral lentiginous melanoma; LMM, lentigo maligna
melanoma; NM, nodular melanoma; NOS, not otherwise specified;
SEER, Surveillance, Epidemiology, and End Results; SSM, superficial
spreading melanoma.

aData are given as number (percentage) of participants unless otherwise
indicated.

bOther includes balloon cell, amelanotic, desmoplastic, mucosal
lentiginous, mixed epitheloid/spindle cell, epitheloid, and spindle cell
melanomas.

cHistological analysis results labeled “unknown” in the SEER registries.
dRefers to patients with an initial diagnosis of melanoma and a

subsequent new primary cancer diagnosis. New primary cancers include
cancers of the lip, tongue, tonsil, salivary gland, gums, floor of mouth,
pharynx, esophagus, stomach, small intestine, colon, rectum, anus, liver,
gallbladder, pancreas, nose, middle ear, larynx, lung, trachea, mediastinum,
breast, cervix, ovary, vagina, vulva, uterus, prostate, testis, penis, bladder,
kidney, ureter, brain, thyroid, thymus, adrenal gland, bones, soft tissue,
mesothelioma, non-Hodgkin lymphoma, Hodgkin lymphoma, leukemia, and
melanoma.
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and older was also substantially greater among men than
women (63.9% vs 50.3%, respectively). Among men, the
most common site of the first melanoma was the trunk
(41.5%), whereas in women, it was the lower limbs
(32.7%). In men (37.1%) and women (42.6%), the most
frequent histological diagnosis of the first primary mela-
noma was superficial spreading melanoma. The large ma-
jority of patients were surgically treated (94.3%), and few
patients received radiation treatment (2.1%).

Of the 89 515 patients diagnosed with an initial mela-
noma, 12.1% developed 1 or more subsequent primary
tumors (Table 1), including 9348 patients (10.4%) with
2 primary cancers, 1290 (1.4%) with 3 primary cancers,
and 219 (0.2%) with 4 or more primary cancers. A total
of 96.4% of patients had their first and all subsequent can-
cers confirmed via histological analysis.

Insurvivorsofa firstprimarymelanoma, theoverall risk
ofdevelopingasubsequentprimarycancerincreasedby28%
amongmenandwomenwhosurvivedfor2monthsorlonger
(O:E, 1.28; O,12 559 [95% CI,1.26-1.30]; EAR,34/10 000
person-years) (Table 2). This excess was primarily ow-
ingtosubsequentprimarymelanoma(O:E,8.61),with25%
of the subsequent cancers being primary melanomas. The

riskofsubsequentprimarymelanomawashighest2months
to 1 year after the initial melanoma diagnosis (O:E, 16.94),
with the risk decreasing as the latency period increased. At
20yearsor longerafter the initialmelanomadiagnosis,how-
ever, the risk was still elevated (O:E, 5.58 [95% CI, 4.80-
6.44]). The relative risk of subsequent primary melanoma
was similar for men and women (O:E, 8.40 [95% CI, 8.04-
8.78]; EAR,43/10 000 person-years; and 9.00 [8.47-9.54];
EAR, 24/10 000 person-years, respectively).

There were, however, significantly elevated risks for spe-
cific subsequent primary cancers other than melanoma. For
each of the cancer types listed in Table 2, increased risks
among melanoma survivors were noted in comparison to
what would be expected in the general population. The most
common cancers with elevated risks after an initial mela-
noma were prostate cancer (O:E, 1.15; EAR, 3.49), female
breast cancer (1.10; 1.34), and non-Hodgkin lymphoma
(NHL) (1.25; 1.18) (Table 2). Risks were also signifi-
cantly increased for cancers of the salivary gland, small in-
testine, kidney, ocular melanoma, and thyroid as well as
soft tissue sarcomas and chronic lymphocytic leukemia.

We evaluated the risks for subsequent primary can-
cers among melanoma survivors in 3 age groups: younger

Table 2. Risk of Selected Subsequent Primary Cancers After Melanoma in the 9 SEER Registries From 1973-2006a

Subsequent
Primary
Cancer

Time Since First Primary Cutaneous Melanoma Diagnosis

2 mo-1 y
(N=89 515)

1-5 y
(n=81 921)

5-10 y
(n=54 958)

10-20 y
(n=33 935)

�20 y
(n=11 044)

Total
(N=89 515)

Observedb O:E Observedb O:E Observedb O:E Observedb O:E Observedb O:E Observedb,c Expected O:E EAR

Person-years
at risk for
melanoma
survivors

71 088 . . . 268 018 . . . 217 890 . . . 209 675 . . . 55 571 . . . 822 241 . . . . . . . . .

All sites 1312 1.78d 3959 1.38d 3233 1.27d 3122 1.12d 933 1.07 12 559 9796 1.28d

(1.26-1.30)
33.60

Melanoma
of the skin

450 16.94d 1024 9.80d 758 8.15d 676 6.62d 186 5.58d 3094 359 8.61d

(8.31-8.92)
33.26

Salivary gland 6 3.22d 13 1.81 7 1.11 14 2.04d 6 2.75d 46 24 1.89d

(1.38-2.52)
0.26

Small intestine 3 1.21 22 2.26d 11 1.26 10 1.01 4 1.18 50 34 1.46d

(1.08-1.92)
0.19

Female breast 86 1.12 355 1.14d 334 1.14d 347 0.99 134 1.15 1256 1146 1.10d

(1.04-1.16)
1.34

Prostate 195 1.32d 711 1.24d 599 1.19d 547 1.02 148 0.96 2200 1913 1.15d

(1.10-1.20)
3.49

Kidney 36 2.18d 88 1.36d 71 1.24 67 1.06 23 1.10 285 223 1.28d

(1.13-1.44)
0.76

Ocular
melanoma

0 0.00 7 1.72 5 1.42 11 2.91d 1 0.84 24 14 1.77d

(1.13-2.63)
0.13

Thyroid 38 5.19d 50 1.73d 35 1.39 40 1.48d 7 0.82 170 97 1.75d

(1.50-2.04)
0.89

Soft-tissue
sarcoma

6 1.75 28 2.10d 20 1.71d 28 2.19d 9 2.15 91 45 2.00d

(1.61-2.46)
0.55

Non-Hodgkin
lymphoma

65 2.32d 134 1.22d 126 1.28d 111 1.00 45 1.21 481 384 1.25d

(1.14-1.37)
1.18

Chronic
lymphocytic
leukemia

15 1.81d 39 1.22 34 1.20 31 1.00 13 1.26 132 110 1.20d

(1.00-1.42)
0.27

Abbreviations: EAR, excess number of subsequent cancers per 10 000 person-years; ellipses, not applicable; O:E, observed to expected ratio (relative risk)
of developing a subsequent melanoma.

aOnly subsequent cancers that were significantly elevated after cutaneous multiple melanoma are presented in the table.
bData are given as the observed number of melanoma survivors developing subsequent primary cancer unless otherwise indicated.
cThere are 4730 subsequent primary cancers that are not shown in the table. Only those sites where the relative risk (O:E) was significantly elevated are

shown. Those not shown include cancers of the lip, tongue, tonsil, gums, floor of mouth, pharynx, esophagus, stomach, colon, rectum, anus, liver, gallbladder,
pancreas, nose, middle ear, larynx, lung, trachea, mediastinum, cervix, ovary, vagina, vulva, uterus, testis, penis, bladder, ureter, brain, thymus, adrenal gland,
bones, mesothelioma, Hodgkin lymphoma, and leukemia (other than chronic lymphocytic leukemia).

dP� .05.
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than 30 years, 30 through 49 years, and 50 years and older.
Patients younger than 30 had the greatest relative risk
for developing subsequent cancers after a melanoma di-
agnosis (O:E, 2.41 [95% CI, 2.17-2.68]) (Figure, A). This
was owing to the markedly higher relative risks of de-
veloping subsequent melanoma in those initially diag-
nosed at ages younger than 30 (O:E, 13.40 [95% CI,
11.66-15.33]) (Table 3 and Figure, A). Among those
aged 30 through 49 years, the relative risk of second pri-
mary melanoma was 8.74; among those aged 50 years and
older, it was 8.23. Figure, B, shows that the EAR for de-
veloping melanoma increased as patients aged. The EAR
for developing subsequent melanomas was highest among
those aged 50 years and older at the first melanoma di-
agnosis (43.89) (Figure, B).

Overall, individuals with their initial melanoma on the
head or neck had the highest risk of developing subse-
quent primary melanomas (O:E,9.69 [95% CI, 8.97-
10.45]; EAR, 46.72) compared with those with initial mela-
nomas on other anatomic sites (Table 3). Individuals with
melanoma of the head and neck were also older (mean age
at diagnosis, 61.6 years) compared with those diagnosed
with melanoma at other sites (mean age range, 50.9-55.4
years). Women with initial head and neck melanoma had
a higher relative risk (O:E,13.22 [95% CI, 11.43-15.20])
of developing a subsequent melanoma than did men (8.72
[7.96-9.54]). Men who had their first melanoma on the head
and neck, however, had higher EARs of developing sub-
sequent melanomas than did women (51.59 and 38.32, re-

spectively). The most frequent result of histological analy-
sis of the melanomas of the head and neck in both sexes
was lentigo maligna melanoma (data not shown).

The lack of central review of histological character-
istics limited our ability to fully evaluate the risk of sub-
sequent melanomas according to histological type, but
there did not appear to be large differences. Based on lim-
ited data, risks of subsequent melanomas appeared lower
for first acral lentiginous melanoma (data not shown).
Risks by thickness were also difficult to interpret. Over-
all, patients whose first melanoma was more than 2.01
mm thick (based on fewer observations) had higher risks
for developing subsequent melanomas (Table 3). This
group, however, is the group that is most likely to have
misclassification of second melanomas owing to misdi-
agnosis of local recurrence as a new primary melanoma.

Table4 compares thickness of multiple primary mela-
nomas. Second melanomas were significantly more likely
to be thin compared with the first of multiple primary
melanomas (77.9% vs 70.3% diagnosed at �1.00 mm,
respectively; P� .001). Also, women had a higher per-
centage of thin melanomas than did men. However, we
could not discount a calendar effect for these trends. When
we stratified the thickness of subsequent melanomas by
calendar periods, there was a higher percentage of first,
second, and third melanomas with a thickness at diag-
nosis of less than 1.00 mm during the period 1997-2006
in comparison to 1988-1996 (data not shown).

COMMENT

With the expansion to 89 515 cutaneous malignant mela-
noma survivors and an additional 308 529 person-years of
observation, we enhanced the previous1 population-
based evaluation of multiple primary cancers after mela-
noma in the United States. We found an overall 28% in-
creased risk of subsequent primary cancers, primarily owing
to the nearly 9-fold risk of subsequent primary melano-
mas. These findings are based on a larger number of ob-
served subsequent primary melanomas (3094 vs 1579)1 and
are consistent with several other studies of multiple can-
cers after melanoma.9-27 In addition, we examined risks of
subsequent primary melanomas according to characteris-
tics of the initial primary melanoma, such as site and thick-
ness, and we compared tumor thickness between first, sec-
ond, and third multiple primary melanomas.

We found that the risk of subsequent primary melano-
mas decreased somewhat with increasing latency but re-
mained quite elevated more than 20 years after diagnosis
of a first primary melanoma. The higher risk within the first
year could well be owing to surveillance28 and detection
of changing pigmented lesions that have been influenced
by the same etiological factors as the initial melanoma.
Within the settingof families athighriskofdevelopingmela-
noma, several pigmented lesions can change during a lim-
ited period.29,30 Initial staging of these individuals for meta-
static disease could also contribute to the increased risk
within the first year for cancers of the thyroid, salivary gland,
and kidney, as well as NHL and chronic lymphocytic leu-
kemia. The decline in risk of melanoma over time could
also reflect decreasing risk of melanoma owing to changed
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Figure. Risk of subsequent primary cancers after cutaneous malignant
melanoma (CMM) diagnosis by age groups in the 9 SEER (Surveillance,
Epidemiology, and End Results) Registries, 1973-2006. A, Relative risk
(observed to expected ratio [O:E]). B, Excess absolute risk (EAR) is defined
as theexcess number of subsequent cancers per 10 000 person-years.
*P� .05.
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behavior, such as decreased sun exposure and enhanced
sun-protective behaviors after an initial diagnosis of mela-
noma. In US population registry studies, migration of in-
dividuals out of the area covered by the cancer registry is
always a concern and could account for some decrease in
observed subsequent primary melanomas many years af-
ter the initial melanoma diagnosis. Currently, there is no
international consensus for follow-up guidelines for pa-
tients with melanoma. Most investigators who assessed fol-
low-up surveillance and the development of subsequent pri-
mary melanomas advocate lifelong follow-up.14,16,31-35 Given
that the substantially elevated risk of a subsequent pri-
mary melanoma remains more than 20 years after the ini-
tial melanoma diagnosis, these results support continued
long-term surveillance in melanoma survivors with com-
plete skin examination.

Young age of onset of the initial cancer and multiple
primary cancers may be an indication of genetic predis-
position.36 We found a markedly increased risk of sub-
sequent malignancy in those with a first melanoma before
age 30, which was almost entirely owing to subsequent
melanomas. Host susceptibility factors, such as pigmen-
tary characteristics37 and nevi,38 are major determinants
of melanoma risk but are not available in registry stud-
ies. In a recent genome-wide association study of mela-
noma in a group enhanced for genetic susceptibility, in-
cluding individuals with multiple primary melanomas,
GenoMEL (the Melanoma Genetics Consortium) iden-
tified several areas of association with melanoma. The
strongest signals were in pigmentation genes MC1R and
TYR, both plausible candidate genes for melanoma. The
third locus was near MTAP and CDKN2A.39 Two of the

markers of interest in this region were also significantly
related to the number of nevi in a separate genome-wide
association study of nevi.40 These findings identify com-
mon susceptibility alleles related to known risk factors
for melanoma.

Although the relative risk for developing subsequent
melanoma is not as high for older individuals as for those

Table 3. Risk of Subsequent Melanoma by Sex, Age, and Tumor Characteristics of Initial Melanoma Based on Data
From the 9 SEER Registries, 1973-2006

Characteristic
of Initial
Melanoma

Total
(N=89 515)

Men
(n=47 804)

Women
(n=41 711)

Observeda

Mean
Age at

Diagnosis,
y O:E (95% CI) EAR Observeda

Mean
Age at

Diagnosis,
y O:E (95% CI) EAR Observeda

Mean
Age at

Diagnosis,
y O:E (95% CI) EAR

Person-years
at risk for
melanoma
survivors

822 240 . . . . . . . . . 405 693 . . . . . . . . . . . . 416 547 . . . . . .

Age of patient, y
�30 212 26 13.40 (11.66-15.33) 21.11 76 25 15.53 (12.24-19.44) 21.41 136 26 12.45 (10.44-14.73) 20.95
30-49 915 41 8.74 (8.18-9.32) 24.15 519 42 9.36 (8.57-10.20) 30.19 396 40 8.03 (7.26-8.86) 19.05
�50 1967 65 8.23 (7.87-8.60) 43.89 1395 65 7.91 (7.50-8.33) 55.66 572 66 9.16 (8.42-9.94) 29.14

Anatomic site
Head and neck 671 62 9.69 (8.97-10.45) 46.72 475 62 8.72 (7.96-9.54) 51.59 196 61 13.22 (11.43-15.20) 38.32
Trunk 1151 53 8.79 (8.29-9.31) 35.31 866 55 8.55 (7.99-9.14) 41.86 285 46 9.60 (8.52-10.78) 24.03
Upper limbs 707 55 8.03 (7.45-8.65) 30.79 442 58 8.10 (7.36-8.89) 43.19 265 51 7.92 (7.00-8.94) 20.80
Lower limbs

and hip
532 51 8.57 (7.85-9.33) 25.65 182 52 9.18 (7.89-10.61) 40.65 350 51 8.28 (7.44-9.19) 21.48

Multisite/NOS 33 54 3.63 (2.50-5.10) 11.76 25 56 3.78 (2.44-5.58) 15.46 8 45 3.25 (1.40-6.40) 6.55
Tumor

thickness, mmb

0.01-1.00 1183 56 9.26 (8.74-9.81) 39.72 739 59 8.62 (8.01-9.26) 48.99 444 52 10.58 (9.62-11.61) 30.38
1.01-2.00 296 59 10.03 (8.92-11.24) 45.68 202 60 9.62 (8.34-11.04) 55.62 94 57 11.04 (8.92-13.51) 33.15
2.01-4.00 190 62 13.28 (11.46-15.31) 66.11 131 63 12.64 (10.57-15.00) 80.28 59 61 14.96 (11.39-19.30) 47.67
�4.00 65 66 11.64 (8.98-14.83) 61.12 52 66 12.31 (9.20-16.15) 81.15 13 67 9.54 (5.07-16.31) 30.36

Abbreviations: CI, confidence interval; EAR, excess number of subsequent cancers per 10 000 person-years; ellipses, not applicable; O:E, observed to expected ratio
(relative risk) of developing a subsequent melanoma; NOS, not otherwise specified; SEER, Surveillance, Epidemiology, and End Results.

aData are given as the observed number of melanoma survivors developing subsequent melanoma unless otherwise indicated.
bSEER tumor thickness data are available only for tumors diagnosed after 1988.

Table 4. Thickness of Multiple Primary Melanomas by Sex
in the 9 SEER Registries, 1988-2006a

Tumor
Thickness,
mm

Multiple Cutaneous Malignant Melanomas

First Second Third

All Participants (N=64 047)
�1.0 5133 (70.3) 1619 (77.9) 210 (82.4)
�1.0-2.0 1245 (17.1) 234 (11.3) 28 (11.0)
�2.0-4.0 643 (8.8) 147 (7.1) 12 (4.7)
�4.0 280 (3.8) 78 (3.8) 5 (2.0)

Men (n=34 808)
�1.0 3117 (68.9) 1017 (78.7) 141 (81.5)
�1.0-2.0 805 (17.8) 157 (12.2) 21 (12.1)
�2.0-4.0 411 (9.1) 96 (7.4) 9 (5.2)
�4.0 192 (4.2) 22 (1.7) 2 (1.2)

Women (n=29 239)
�1.0 2016 (72.6) 602 (80.7) 69 (84.2)
�1.0-2.0 440 (15.9) 77 (10.3) 7 (8.5)
�2.0-4.0 232 (8.4) 51 (6.8) 3 (3.7)
�4.0 88 (3.2) 16 (2.1) 3 (3.7)

Abbreviation: SEER, Surveillance, Epidemiology, and End Results.
aData are presented as number (percentage) of participants. SEER tumor

thickness data are available only for tumors diagnosed after 1988.
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younger than 30, the EAR is much higher. Clinically, this
translates into a larger number of subsequent primary
melanomas, particularly among older men. Part of the
risk for older individuals may result from increased out-
door activities after retirement. In a case-control study,
older individuals spent more time outdoors than those
who were still working.41 There also may be some effect
of an age-related diminished immune response.14,42,43

Of interest, patients with melanomas diagnosed on the
head and neck region had higher risks of developing sub-
sequent melanomas. These patients were also older com-
pared with patients with melanoma diagnosed at other
anatomic sites, and most of the head and neck melano-
mas were lentigo maligna melanomas, which are known
to affect fair-skinned, older individuals with chronic sun
exposure. The incidence of cutaneous head and neck
melanoma has been increasing in the United States.2 Head
and neck melanomas also have been reported to have a
worse prognosis than melanomas at other anatomic
sites.44,45 Some of the increased risk of second primary
melanomas may be related to misclassification of local
recurrence, similar to the thicker lesions, or it may be
related to cumulative sun exposure. Given the poorer
prognosis of these head and neck melanomas, along with
an increased risk of developing subsequent melanomas,
patients with melanomas on the head and neck should
be monitored closely.

We found that second and third multiple primary mela-
nomas were more likely to be thin at diagnosis than were
the first of multiple primary melanomas. Thicknesses of
lesions decreased with each subsequent melanoma diag-
nosis. These findings suggest that many patients diag-
nosed with melanoma are either being followed up closely
or are learning the signs of melanoma and seeking subse-
quent medical care more quickly. However, we could not
discount the calendar effect for these trends, which has
been previously described. In the past few decades, an over-
all decrease of tumor thickness to prognostically more fa-
vorable levels has been observed in several countries.46 De-
spite the decreasing thickness of the subsequent primary
melanomas, the percentage of lesions measuring 1 mm or
thicker seems relatively high for individuals under close
surveillance, which suggests that many of these patients
are not being monitored closely.

The pattern of elevated risks for nonmelanoma sub-
sequent cancers was generally consistent with that of the
2006 SEER monograph.1 As noted earlier, the highest risk
within the first year for a second melanoma, NHL, chronic
lymphocytic leukemia, and cancers of the salivary gland,
kidney, and thyroid are likely owing to detection in the
process of staging the initial melanoma. The diagnosis
of NHL remained elevated in subsequent periods. Be-
cause reciprocal increases in subsequent primary cuta-
neous melanoma are seen after NHL,47-49 there may be
shared risk factors, especially immunological defects, as
suggested by the excess risks of both tumors in a variety
of immunosuppressed populations.50-52

As in the SEER monograph, subsequent breast and pros-
tate cancers were the most frequent nonmelanoma can-
cers after a primary melanoma diagnosis. Although the risk
of these tumors was fairly constant across most latency pe-
riods, there was some decline in prostate cancer risk among

long-term survivors (�20 years), suggesting that early
medical surveillance may have contributed to the in-
creased short-term risks. As noted earlier, the decrease in
cancers with increasing latency could also be partially ow-
ing to individuals moving out of the registry areas. There
is also some suggestion of shared hormonal or genetic
mechanisms, such as BRCA2 mutations in breast can-
cer.53,54 Although epidemiological evidence of a hor-
monal role in melanoma is inconsistent,53 the changing
ratio of female to male incidence after menopause sug-
gests that hormonal variations and changing exposure pat-
terns may contribute to these differences. It is also pos-
sible that the relationships with breast and prostate cancer
may partly reflect correlates of higher socioeconomic sta-
tus, including increased diagnostic surveillance.

The risk of soft tissue sarcoma was also increased
more than 1 year after a diagnosis of melanoma.
Although differentiating melanoma from soft tissue sar-
coma may pose diagnostic difficulties, previous reports
suggest that the association remains after careful histo-
logical review.55,56 Immunological defects, which have
been linked to soft tissue sarcoma,55,56 such as iatro-
genic immune suppression, may also contribute to the
association with melanoma.

With 89 515 melanoma survivors and 12 559 subse-
quent cancers, of which 3094 were melanomas, the case
numbers in this cohort are sufficiently large to allow re-
view of a greater range of second cancer sites than is usu-
ally possible, as well as permitting analysis according to
characteristics of the first melanoma. In addition, the data
are of high quality, and 96% of the first and subsequent
cancers were histologically confirmed by local patholo-
gists. Our study also had certain limitations. Despite this
high confirmation rate, there was no central specialist pa-
thology review, and the possibility of confusing cutane-
ous recurrences and new primary tumors remains, par-
ticularly for thicker initial tumors. Also, second cancers
that occurred among patients who moved outside of SEER
areas may have been underascertained,57 which would
lead to artificially reduced second cancer risks.

CONCLUSIONS

In the SEER program, patients with melanoma have ap-
proximately a 9-fold risk of developing a subsequent mela-
noma compared with the general population. Mela-
noma survivors are at an increased risk long after initial
diagnosis for subsequent primary cancers, most likely ow-
ing to genetic susceptibility, behavioral risk factors, and
increased medical surveillance. Although individuals with
melanoma of the head and neck and patients younger than
30 years have higher relative risks of a subsequent mela-
noma, larger numbers of subsequent melanoma occur
among those older than 50 years, particularly men. Al-
though subsequent melanomas are more likely to be thin
than the initial melanomas, the percentage of thin mela-
nomas could likely be increased. In addition to mela-
noma, survivors of melanoma are at increased risk of sev-
eral other types of cancer, the most frequent of which
are female breast cancer, prostate cancer, and NHL. Pa-
tients who have been diagnosed with melanoma, there-
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fore, should remain under continued surveillance not only
for melanoma recurrence but also for new primary mela-
nomas and other cancers.

Accepted for Publication: October 29, 2009.
Correspondence: Porcia T. Bradford, MD, Genetic Epi-
demiology Branch, Division of Cancer Epidemiology and
Genetics, National Cancer Institute, National Institutes
of Health, 6120 Executive Blvd, Executive Plaza S, Room
7005, Rockville, MD 20852 (bradfordp@mail.nih.gov).
Author Contributions: All authors had full access to all
the data in the study and take responsibility for the in-
tegrity of the data and the accuracy of the data analysis.
Study concept and design: Bradford, Freedman, Gold-
stein, and Tucker. Acquisition of data: Bradford and Freed-
man. Analysis and interpretation of the data: Bradford,
Freedman, Goldstein, and Tucker. Drafting of the manu-
script: Bradford and Freedman. Critical revision of the
manuscript for important intellectual content: Bradford,
Freedman, Goldstein, and Tucker. Statistical analysis:
Bradford. Obtained funding: Tucker. Administrative, tech-
nical, and material support: Bradford, Freedman, and
Tucker. Study supervision: Freedman and Tucker.
Financial Disclosure: None reported.
Funding/Support: This study was supported by the In-
tramural Research Program of the Division of Cancer Epi-
demiology and Genetics, National Cancer Institute, Na-
tional Institutes of Health,
Role of the Sponsors: The sponsors had no role in the
design and conduct of the study; in the collection, analy-
sis, and interpretation of data; or in the preparation, re-
view, or approval of the manuscript.
Additional Contributions: Nathan Appel, BS, Informa-
tionManagementServices, Inc,provideddatamanagement
and critical programming support. We are also indebted
to the staff at the National Cancer Institute and the can-
cer registries that participate in the SEER program.

REFERENCES

1. Freedman DM, Miller BA, Tucker MA. New malignancies following melanoma of
skin, eye melanoma, and nonmelanoma eye cancer. In: Curtis RE, Freedman DM,
Ron E, eds, et al. New Malignancies Among Cancer Survivors: SEER Cancer Reg-
istries, 1973-2000. Bethesda, MD: National Cancer Institute; 2006.

2. Surveillance, Epidemiology and End Results (SEER) Program. SEER*Stat Data-
base. Version 6.5.2. http://www.seer.cancer.gov. Accessed September 29, 2009.

3. Johnson CH, Adamo M, eds. SEER Program Coding and Staging Manual. Bethesda,
MD: National Cancer Institute; 2008.

4. US Census Bureau. Census 2000, Summary File 1, Table DP-1. http://www
.census.gov/main/www/cen2000.html. Accessed August 24, 2009.

5. Percy C, Fritz A, Ries L, eds. Conversion of Neoplasms by Topography and Mor-
phology from the International Classification of Diseases for Oncology, Second
Edition (ICD-O-2) to the International Classification of Diseases for Oncology,
Third Edition (ICD-O-3). Bethesda, MD: National Cancer Institute; 2001.

6. Swan J, Wingo P, Clive R, et al. Cancer surveillance in the US: can we have a
national system? Cancer. 1998;83(7):1282-1291.

7. Begg CB. Methodological and statistical considerations in the study of multiple
primary cancers. In: Neugut AI, Meadows AT, Robinson E, eds. Multiple Pri-
mary Cancers. Philadelphia, PA: Lippincott, Williams & Wilkins; 1999:13-26.

8. US Department of Health and Human Services. Code of Federal Regulations
45.46.101(b)(4). http://www.hhs.gov/ohrp/humansubjects/guidance/45cfr46
.htm. Accessed August 21, 2009.

9. Slingluff CL Jr, Vollmer RT, Seigler HF. Multiple primary melanoma: incidence
and risk factors in 283 patients. Surgery. 1993;113(3):330-339.

10. Pack GT, Scharnagel IM, Hillyer RA. Multiple primary melanoma. Cancer. 1952;
5(6):1110-1115.

11. Allen AC, Spitz S. Malignant melanoma: a clinicopathological analysis of the cri-
teria for diagnosis and prognosis. Cancer. 1953;6(1):1-45.

12. Beardmore GL, Davis NC. Multiple primary cutaneous melanomas. Arch Dermatol.
1975;111(5):603-609.

13. Veronesi U, Casinelli N, Bufalino R. Evaluation of the risk of multiple primaries
in malignant cutaneous melanoma. Tumori. 1976;62(1):127-130.

14. DiFronzo LA, Wanek LA, Elashoff R, Morton DL. Increased incidence of second
primary melanoma in patients with a previous cutaneous melanoma. Ann Surg
Oncol. 1999;6(7):705-711.

15. Giles G, Staples M, McCredie M, Coates M. Multiple primary melanomas: an analy-
sis of cancer registry data from Victoria and New South Wales. Melanoma Res.
1995;5(6):433-438.

16. Johnson TM, Hamilton T, Lowe L. Multiple primary melanomas. J Am Acad
Dermatol. 1998;39(3):422-427.

17. Titus-Ernstoff L, Perry AE, Spencer SK, et al. Multiple primary melanoma: two-year
results from a population-based study. Arch Dermatol. 2006;142(4):433-438.

18. Savoia P, Quaglino P, Verrone A, Bernengo MG. Multiple primary melanomas:
analysis of 49 cases. Melanoma Res. 1998;8(4):361-366.

19. Osterlind A, Olsen JH, Lynge E, Ewertz M. Second cancer following cutaneous
melanoma and cancers of the brain, thyroid, connective tissue, bone, and eye in
Denmark, 1943-80. Natl Cancer Inst Monogr. 1985;68:361-388.

20. Tucker MA, Boice JD Jr, Hoffman DA. Second cancer following cutaneous mela-
noma and cancers of the brain, thyroid, connective tissue, bone, and eye in Con-
necticut, 1935-82. Natl Cancer Inst Monogr. 1985;68:161-189.

21. Gutman M, Cnaan A, Inbar M, et al. Are malignant melanoma patients at higher
risk for a second cancer? Cancer. 1991;68(3):660-665.

22. Swerdlow AJ, Storm HH, Sasieni PD. Risks of second primary malignancy in pa-
tients with cutaneous and ocular melanoma in Denmark, 1943-1989. Int J Cancer.
1995;61(6):773-779.

23. Wassberg C, Thorn M, Yuen J, Ringborg U, Hakulinen T. Second primary can-
cers in patients with cutaneous malignant melanoma: a population-based study
in Sweden. Br J Cancer. 1996;73(2):255-259.

24. Wassberg C, Thorn M, Yuen J, Hakulinen T, Ringborg U. Cancer risk in patients
with earlier diagnosis of cutaneous melanoma in situ. Int J Cancer. 1999;83
(3):314-317.

25. Levi F, La Vecchia C, Randimbison L, Te VC, Erler G. Incidence of invasive can-
cers following cutaneous malignant melanoma. Int J Cancer. 1997;72(5):776-
779.

26. Schmid-Wendtner MH, Baumert J, Wendtner CM, Plewig G, Volkenandt M. Risk
of second primary malignancies in patients with cutaneous melanoma. Br J Dermatol.
2001;145(6):981-985.

27. Crocetti E, Carli P. Risk of second primary cancers, other than melanoma, in an
Italian population-based cohort of cutaneous malignant melanoma patients. Eur
J Cancer Prev. 2004;13(1):33-37.

28. Hiatt RA, Krieger N, Sagebiel RW, Clark WH, Mihm MC Jr. Surveillance bias and
the excess risk of malignant melanoma among employees of the Lawrence Liver-
more National Laboratory. Epidemiology. 1993;4(1):43-47.

29. Tucker MA, Fraser MC, Goldstein AM, et al. A natural history of melanomas and
dysplastic nevi: an atlas of lesions in melanoma-prone families. Cancer. 2002;
94(12):3192-3209.

30. Buckel TB, Goldstein AM, Fraser MC, Rogers B, Tucker MA. Recent tanning use:
a risk factor for melanoma. Arch Dermatol. 2006;142(4):485-488.

31. Kang S, Barnhill RL, Mihm MC Jr, Sober AJ. Multiple primary cutaneous melanomas.
Cancer. 1992;70(7):1911-1916.

32. Brobeil A, Rapaport D, Wells K, et al. Multiple primary melanomas: implications
for screening and follow-up programs for melanoma. Ann Surg Oncol. 1997;
4(1):19-23.

33. Poo-Hwu WJ, Ariyan S, Lamb L, et al. Follow-up recommendations for patients
with American Joint Committee on Cancer stages I-III malignant melanoma. Cancer.
1999;86(11):2252-2258.

34. Francken AB, Bastiaannet E, Hoekstra HJ. Follow-up in patients with localized
primary cutaneous melanoma. Lancet Oncol. 2005;6(8):608-621.

35. National Comprehensive Cancer Network. Melanoma: clinical practice guide-
lines in oncology. http://www.nccn.org. Accessed June 30, 2009.

36. Goldstein AM, Landi MT, Tsang S, Fraser MC, Munroe DJ, Tucker MA. Associa-
tion of MC1R variants and risk of melanoma in melanoma-prone families with
CDKN2A mutations. Cancer Epidemiol Biomarkers Prev. 2005;14(9):2208-
2212.

37. Gandini S, Sera F, Cattaruzza MS, et al. Meta-analysis of risk factors for cutane-
ous melanoma, III: family history, actinic damage and phenotypic factors. Eur J
Cancer. 2005;41(14):2040-2059.

38. Gandini S, Sera F, Cattaruzza MS, et al. Meta-analysis of risk factors for cutaneous
melanoma, I: common and atypical naevi. Eur J Cancer. 2005;41(1):28-44.

39. Bishop DT, Demenais F, Iles MM, et al. Genome-wide association study identi-
fies three loci associated with melanoma risk. Nat Genet. 2009;41(8):920-925.

(REPRINTED) ARCH DERMATOL/ VOL 146 (NO. 3), MAR 2010 WWW.ARCHDERMATOL.COM
271

©2010 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/22/2022



40. Falchi M, Bataille V, Hayward NK, et al. Genome-wide association study identi-
fies variants at 9p21 and 22q13 associated with development of cutaneous nevi.
Nat Genet. 2009;41(8):915-919.

41. Fears TR, Bird CC, Guerry D IV, et al. Average midrange ultraviolet radiation flux
and time outdoors predict melanoma risk. Cancer Res. 2002;62(14):3992-
3996.

42. Lehtonen L, Eskola J, Vainio O, Lehtonen A. Changes in lymphocyte subsets and
immune competence in very advanced age. J Gerontol. 1990;45(3):M108-
M112.

43. Thivolet J, Nicolas JF. Skin ageing and immune competence. Br J Dermatol. 1990;
122(suppl 35):77-81.

44. Wanebo HJ, Cooper PH, Young DV, Harpole DH, Kaiser DL. Prognostic factors
in head and neck melanoma: effect of lesion location. Cancer. 1988;62(4):831-
837.

45. Ringborg U, Afzelius LE, Lagerlof B, et al. Cutaneous malignant melanoma of
the head and neck: analysis of treatment results and prognostic factors in 581
patients: a report from the Swedish Melanoma Study Group. Cancer. 1993;
71(3):751-758.

46. Baumert J, Schmidt M, Giehl KA, et al. Time trends in tumour thickness vary in
subgroups: analysis of 6475 patients by age, tumour site and melanoma subtype.
Melanoma Res. 2009;19(1):24-30.

47. Goggins WB, Finkelstein DM, Tsao H. Evidence for an association between cu-
taneous melanoma and non-Hodgkin’s lymphoma. Cancer. 2001;91(4):874-
880.

48. Landgren O, Pfeiffer RM, Stewart L, et al. Risk of second malignant neoplasms
among lymphoma patients with a family history of cancer. Int J Cancer. 2007;
120(5):1099-1102.

49. Tsimberidou AM, Wen S, McLaughlin P, et al. Other malignancies in chronic lym-
phocytic leukemia/small lymphocytic lymphoma. J Clin Oncol. 2009;27(6):
904-910.

50. Travis LB, Curtis RE, Glimelius B, et al. Second cancers among long-term sur-
vivors of non-Hodgkin’s lymphoma. J Natl Cancer Inst. 1993;85(23):1932-
1937.

51. Greene MH, Young TI, Clark WH Jr. Malignant melanoma in renal transplant patients.
Lancet. 1981;1(8231):1196-1199.

52. Curtis RE, Rowlings PA, Deeg HJ, et al. Solid cancers after bone marrow
transplantation. N Engl J Med. 1997;336(13):897-904.

53. Goggins W, Gao W, Tsao H. Association between female breast cancer and cu-
taneous melanoma. Int J Cancer. 2004;111(5):792-794.

54. Tucker MA, Goldstein AM. Melanoma etiology: where are we? Oncogene. 2003;
22(20):3042-3052.

55. Dunbar SF, Marks LB, Sober AJ, Rosenberg A, Suit HD. Connective tissue tu-
mors in patients with cutaneous melanoma. J Am Acad Dermatol. 1994;31
(2, pt 1):216-219.

56. Zahm SH, Fraumeni JF Jr. The epidemiology of soft tissue sarcoma. Semin Oncol.
1997;24(5):504-514.

57. Inskip PD. Multiple primary tumors involving cancer of the brain and central ner-
vous system as the first or subsequent cancer. Cancer. 2003;98(3):562-570.

Archives Web Quiz Winner

C ongratulations to the winner of our December
quiz, Denis Malvy, MD, PhD, Department of

Internal Medicine and Tropical Diseases, Hôpital Saint-
André, Centre Hospitalier Universitaire de Bordeaux,
Bordeaux, France. The correct answer to our December
challenge was primary cutaneous nocardiosis. For a com-
plete discussion of this case, see the Off-Center Fold
section in the January Archives (Hartford OA, Pothi-
awala GA, Goldman GD. Ulcerated facial nodules in a
renal transplant recipient. Arch Dermatol. 2010;146[1]:
81-86).

Be sure to visit the Archives of Dermatology Web site
(http://www.archdermatol.com) to try your hand at the
interactive quiz. We invite visitors to make a diagnosis
based on selected information from a case report or other
feature scheduled to be published in the following month’s
print edition of the Archives. The first visitor to e-mail
our Web editors with the correct answer will be recog-
nized in the print journal and on our Web site and will
also receive a free copy of The Art of JAMA II.
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