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Background: Long-term survivors of cutaneous malignant melanoma (CMM)
risk subsequent malignancies due to both host-related and environmental risk
factors. This retrospective population-based study differentially assesses the
risk of synchronous and metachronous cancers in a cohort of CMM survivors
stratified by sex.

Methods: The cohort study (1999-2018) included 9,726 CMM survivors (M=4,873,
F=4,853) recorded by the cancer registry of all 5,000,000 residents in the Italian
Veneto Region. By excluding subsequent CMM and non-CMM skin cancers,
the incidence of synchronous and metachronous malignancies was calculated
according to sex and tumor site, standardizing for age and calendar year. The
Standardized Incidence Ratio (SIR) was calculated as the ratio between the
number of subsequent cancers among CMM survivors and the expected number
of malignancies among the regional population.

Results: Irrespective of the site, the SIR for synchronous cancers increased in both
sexes (SIR=1.90 in males and 1.73 in females). Both sexes also demonstrated an
excess risk for synchronous kidney/urinary tract malignancies (SIR=6.99 in males
and 12.11 in females), and women had an increased risk of synchronous breast
cancer (SIR=1.69). CMM male survivors featured a higher risk of metachronous
thyroid (SIR=3.51, 95% CI [1.87, 6.01]), and prostate (SIR=1.35, 95% CI [1.12, 1.61])
malignancies. Among females, metachronous cancers featured higher SIR values
than expected: kidney/urinary tract (SIR=2.27, 95% ClI [1.29, 3.68]), non-Hodgkin's
lymphoma (SIR=2.06, 95% CI [1.24, 3.21]), and breast (SIR=1.46, 95% CI [1.22,
1.74]). Females had an overall increased risk of metachronous cancers in the first
Syears after CMM diagnosis (SIR=1.54 at 6-11months and 1.37 at 1-5years).

Conclusion: Among CMM survivors, the risk of metachronous non-skin cancers
is higher than in the general population and differs significantly by sex. These
results encourage sex-tailored interventions for metachronous secondary cancer
prevention.

cutaneous melanoma, multiple cancers, second primary cancer, subsequent primary
cancer, metachronous cancer, synchronous cancer
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Introduction

Over the last few decades, we have seen a constant increase in
cutaneous malignant melanoma (CMM), particularly among fair-
skinned populations (1). Accounting for 5.6% of all newly-diagnosed
cancer cases, CMM is currently the fifth most common type of cancer
worldwide (2).

In the United States alone, the incidence of CMM went from
7.9/100,000 in 1975 to 25.3/100,000 in 2018, more than a 320%
increase. In Italy in 2020, CMM was the third most common
malignancy, with 14,900 new cases and a 5year survival rate of 88%
for men and 91% for women (3). In the same year, 169,900 people
were living with a positive CMM diagnosis (3).

In CMM, as with other cancers, long-term survivors risk
subsequent malignancies due to both host-related and environmental
risk factors (4-6). A previous meta-analysis addressing the risk of
developing subsequent cancers in CMM survivors showed an overall
increased cancer risk of 1.57 (95% CI [1.29, 1.90]) (5). The most
involved secondary primary sites were as follows: soft tissue,
non-melanoma skin cancer, bone, non-Hodgkin’s lymphoma, kidney,
prostate, female breast and colon-rectum (5).

Although the increased risk of developing second primary cancers
in CMM survivors is known, we still need to analyze the different
temporal onset patterns of subsequent malignancies, including a
gender-based point of view. Also, studies on multiple primary cancers
may provide powerful insights into cancer etiology, including the
cancer-promoting role of environmental and genetic risk factors, and
may offer the clinical rationale for developing secondary prevention
strategies (including counseling), as well as decision-supporting tools.
The current retrospective population-based study differentially
assesses the risk of synchronous and metachronous cancers in a
cohort of CMM survivors stratified by sex.

Methods
Study population

In Northeast Italy, the Veneto region covers approximately 18,345
square kilometers, with a resident population of over 4.8 million (7).
Mortality, measured by the standardized death rate, is lower than the
national average (7.9 vs. 8.2 per 1,000 inhabitants in 2016) (8) with the
main causes of death represented by cancer and cardiovascular disease
(9). The Regional healthcare system is based on the fundamental
values of universality, free access, freedom of choice, pluralism of
supply and equity (9).

Data sources

Data for the study were retrieved from the population-based
dataset in the Veneto Cancer Registry (“Registro Tumori Veneto”
[RTV]), which was first established in 1987. The population coverage
increased from 1,154,000 inhabitants in 1987 to nearly five million
(encompassing the entire regional population) in 2014 (see
Supplementary Table S1). The fraction of the population covered by
the Registry has risen from 53% in 2008-2013 to 100% (approximately
5 million residents) from 2014 onwards. Supplementary Table S2
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shows that the older registration area gave cancer incidence estimates
that were comparable with the more modern data available for the
whole population.

This retrospective cohort study included all CMM patients
diagnosed from January 1st, 1999, to December 31st, 2018. All
multiple (synchronous and metachronous) primary malignancies
except for skin cancers (melanomatous and non-melanomatous) were
considered. An interval time of 6 months from the index-CMM was
used to distinguish synchronous (time elapsed <6 months) versus
metachronous (time elapsed >6 months) multiple malignancies (6,
10, 11).

Statistics

Cancer incidence rates were calculated from the RTV database,
stratifying patients by sex, malignancy site, age bracket (0-4, 5-9,
10-14, ... 85+ years) and calendar year group (1999-2003, 2004-2008,
2009-2013, 2014-2018). The Standardized Incidence Ratio (SIR) was
calculated as the ratio between the observed cancers and the number
that would be expected based on the incidence rates for the general
population (12). The observed number of cases was defined as the
number of all malignancies (excluding melanoma and non-melanoma
skin cancers) diagnosed in the cohort. The occurrence of three or
more cancers was not investigated, due to its negligible incidence (less
than 1% of the general population).

To calculate the expected number of malignancies, the
accumulated person-years at risk (PY) was multiplied by the rates to
be expected if CMM survivors experienced the same cancer rates as
the general reference population. The PY were defined as the period
between a patient’s melanoma diagnosis and one of these following
events: a second cancer diagnosis, death, or the end of the period
considered (i.e., December 31st, 2018). Byar’s accurate approximation
to the exact Poisson distribution was used to calculate 95% confidence
intervals (95% CI) (13). The Benjamini and Hochberg False Discovery
Rate correction was adopted to adjust for multiple comparisons (14).
To assess the true excess of burden of second cancers in the population
of CMM survivors, the Absolute Excess Risk (AER) per 1,000 PY was
also obtained using the formula:

[(observed number - expected number) + PY] x 1,000.

Results were deemed statistically significant at the p <0.05 level.
The Multiple Primary - Standardized Incidence Ratios session of
SEER*Stat 8.4.0 (a publicly-available, interactive, Windows-based
program produced by NCI) was used for the analysis (15).

Results

Between January 1st, 1999 and December 31st, 2018, 9,726 CMM
patients (M =4,873, F=4,853) were retrospectively considered. In
65,046 PY, 833 s malignancies (92 synchronous and 741 metachronous)
were recorded.

Both synchronous (M:F=61:31, p=0.0018) and metachronous
(M:F=412:329, p=0.0018) malignancies were more common
among males.

The overall Standardized Incidence Ratio (SIR) was 1.84 (95% CI
[1.48, 2.26]) for synchronous and 1.12 (95% CI [1.04, 1.21]) for
metachronous malignancies. The Absolute Excess Risk (AER) per
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1,000 PY was 8.93 (95% CI [4.00, 13.85]) for synchronous and 1.33
(95% CI [0.12, 2.54]) for metachronous cancers.

Synchronous cancers

Irrespective of the cancer site, the SIR of synchronous cancers was
higher than expected in males (SIR=1.90, 95% CI [1.45, 2.44]) and
females (SIR=1.73, 95% CI [1.17, 2.45]) (Table 1).

Both sexes featured an increased risk, compared to the general
reference population, of synchronous kidney/urinary tract cancer (SIR
in males=6.99, 95% CI [3.35, 12.86]; SIR in females=12.11, 95% CI
[4.42, 26.36]). Females also had an increased risk of synchronous
breast cancer.

Metachronous cancers in males

Between the 7th month and the end of the 12th month, the SIR of
metachronous cancers was 1.29 (95% [CI 0.92, 1.78]), while from the
13th to the 60th month from the CMM index, and the SIR was 1.01
(95% CI [0.86, 1.17]).

For metachronous cancer sites, the SIRs for prostate (1.35, 95% CI
[1.12, 1.61]) and thyroid (3.51, 95% CI [1.87, 6.01]) cancers were
significantly higher than expected (Table 2). Consistent results were
obtained when the Absolute Excess of Risk (AER) per 1,000 PY was
assessed (prostate: 1.10, 95% CI [0.11, 2.10]; thyroid: 0.33, 95% CI
[0.05,0.61]).

The SIR of metachronous prostate cancer was higher in the
13-60month interval (SIR=1.36, 95% CI [1.02, 1.78]). Similar
findings were also obtained for thyroid malignancies (SIR in the
interval time of 7-12 months=11.75, 95% CI [2.36, 34.37]; SIR in the
interval time of 1-5years=3.16, 95% CI [1.02, 7.38]).

10.3389/fpubh.2023.1195458

Metachronous cancers in females

Regardless of the cancer site, both SIR (1.27, 95% CI [1.14, 1.41])
and AER per 1,000 PY (2.19, 95% CI [0.71, 3.67]) showed an increased
risk of metachronous malignancies. Between the 7th and the end of
the 12th month and from the 13th to the 60th month, the SIR for
metachronous cancers were 1.54 (95% CI [1.01, 1.44]) and 1.37 (95%
CI [1.16, 1.62]), respectively (Table 1).

When considering individual cancer sites, breast (SIR: 1.46, 95%
CI [1.22, 1.74]) kidney/urinary tract (SIR: 2.27, 95% CI [1.29, 3.68]),
and hematological (i.e., non-Hodgkin’s lymphoma [NHL] SIR: 2.06,
95% CI [1.24, 3.21]) featured significantly higher SIRs. The AER of
metachronous breast cancers was 1.25 (95% CI [0.36, 2.15]), while the
AER per 1,000 PY for kidney/urinary tract (0.28, 95% CI [0.01, 0.58])
and for NHL (0.31, 95% CI [0.02, 0.63]) were not significant.

The SIRs of metachronous breast cancer were found to
be significantly higher in the 13-60 month interval (1.54, 95% CI
[1.16, 2.01]) as well as more than 10years after diagnosis (1.55, 95%
CI [1.04, 2.23]). Similarly, the SIRs of metachronous kidney/urinary
malignancies were also significant at 7-12 months from diagnosis
(6.47,95% CI [1.30, 18.89)).

Discussion

This population-based cohort study analyzed data for 9,726 CMM
survivors and found that the risk for synchronous cancers increased
in both sexes, irrespective of cancer site. An excess risk for
synchronous kidney/urinary tract malignancies was detected in both
sexes, while women also had an increased risk of synchronous breast
cancer. Concerning metachronous cancers, male survivors had a
higher risk of thyroid and prostate malignancies, while females had an
increased risk of kidney/urinary tract cancer, non-Hodgkins

TABLE 1 SIR of second cancers at different time points after a diagnosis of melanoma (significant estimates in bold).

Follow-up time since diagnosis

Follow-up time interval since diagnosis months

months
Overall Overall
Second
. (synchronous (metachronous)
malignancy and Synchronous Metachronous
site
metachronous)
61—
120
Males Total 1.09 1.03 1.90 1.29 1.01 1.05 0.92
Prostate 1.37 1.35 1.55 1.69 1.36 1.32 1.24
Kidney/urinary 1.68 1.26 6.99 3.05 1.53 0.52 119
tract
Thyroid 3.77 3.51 7.29 11.75 3.16 338 1.46
Females Total 1.30 1.27 1.73 1.54 1.37 L15 117
Breast 1.48 1.46 1.69 1.26 1.54 1.34 1.55
Kidney/urinary 291 2.27 12.11 6.47 2.10 231 1.28
tract
NHL 2.12 2.06 3.10 331 1.33 247 2.44

Skin melanomatous and non-melanomatous malignancies are excluded. NHL, non-Hodgkin’s lymphoma.
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TABLE 2 SIR and AER per 1,000 PYs of second metachronous cancers after a diagnosis of melanoma (significant estimates in bold).

Second EES Females
malgnancy 5 SR 95%Cl AERper 95%Cl O SR 95%Cl  AERper  95%Cl
1,000 PY 1,000 PY

Total 412 1.03 (0.93,1.13) 0.37 (—1.58,2.32) 329 1.27 (1.14, 1.41) 2.19 (0.71, 3.67)
Oral cavity 8 0.71 (0.31, 1.40) —0.11 (—0.41,0.19) 5 1.23 (0.40, 2.88) 0.03 (—0.16,0.21)
Esophagus 5 0.85 (0.28,1.99) —0.03 (—0.26, 0.20) 1 0.65 (0.01, 3.64) —0.02 (—0.11, 0.08)
Stomach 12 0.83 (0.43, 1.46) —0.08 (—0.44,0.27) 6 0.83 (0.30,1.8) —0.04 (—0.26,0.18)
Colon 38 1.00 (0.71, 1.38) 0.00 (—0.59, 0.60) 27 1.15 (0.75, 1.67) 0.11 (—0.33,0.54)
Rectum 8 0.55 (0.24, 1.08) —0.23 (—0.56, 0.10) 11 1.41 (0.70, 2.52) 0.10 (—=0.17,0.37)
Liver 12 0.63 (0.32,1.10) -0.25 (—0.63,0.14) 4 0.71 (0.19, 1.81) —0.05 (—0.24,0.14)
Pancreas 10 0.69 (0.33,1.27) —0.16 (—0.50, 0.18) 14 1.28 (0.70, 2.14) 0.10 (—=0.21, 0.40)
Lung 51 0.87 (0.65, 1.14) -0.27 (—0.99, 0.45) 22 1.20 (0.75, 1.82) 0.12 (=0.27,0.51)
Bone 1 213 (0.03, 11.84) 0.02 (—0.06, 0.10) 1 3.03 (0.04, 16.86) 0.02 (—0.05, 0.09)
Mesotheliomas 2 0.87 (0.10, 3.14) —0.01 (—0.15,0.13) 1 1.72 (0.02, 9.59) 0.01 (—0.06, 0.09)
Soft tissue 4 1.75 (0.47, 4.49) 0.06 (—0.11, 0.23) 4 3.03 (0.82,7.76) 0.08 (—0.06, 0.23)
Breast 1 0.98 (0.01, 5.45) 0.00 (—0.10, 0.10) 126 1.46 (1.22,1.74) 1.25 (0.36, 2.15)
Prostate 121 1.35 (1.12,1.61) 1.10 (0.11, 2.10) -
Testis 2 1.47 (0.17,5.31) 0.02 (—0.10, 0.15) -
Other male

1 5.88 (0.08, 32.73) 0.03 (—0.05, 0.10) -
genitalia
Cervix uteri - 4 1.42 (0.38, 3.64) 0.04 (=0.12, 0.20)
Corpus uteri - 12 1.03 (0.53,1.81) 0.01 (=0.29,0.31)
Ovary - 8 1.10 (0.47,2.17) 0.02 (—=0.22,0.26)
Kidney/urinary
tract 23 1.26 (0.80, 1.89) 0.17 (—=0.27,0.61) 16 2.27 (1.29, 3.68) 0.28 (—0.01, 0.58)
Urinary Bladder 42 1.02 (0.74, 1.39) 0.04 (—0.59, 0.66) 11 1.36 (0.68, 2.43) 0.09 (—0.18, 0.36)
Eye 3 4.69 (0.94, 13.7) 0.08 (—0.05,0.21) 1 2.44 (0.03, 13.57) 0.02 (—0.05, 0.09)
Brain and other 3 0.49 (0.10, 1.44) —0.11 (-0.32,0.10) 5 1.30 (0.42, 3.02) 0.04 (—0.15,0.22)
CNS sites
Thyroid 13 3.51 (1.87,6.01) 0.33 (0.05, 0.61) 14 1.40 (0.76, 2.34) 0.12 (—0.18,0.43)
Hodgkin’s 3 242 (0.49,7.07) 0.06 (—0.08, 0.20) 2 2.06 (0.23, 7.44) 0.03 (—0.07,0.14)
lymphoma
Non-Hodgkin’s 14 1.05 (0.57,1.76) 0.02 (—0.34,0.38) 19 2.06 (1.24,3.21) 0.31 (—0.02, 0.63)
lymphoma
(NHL)
Multiple 2 0.36 (0.04, 1.31) —0.12 (-0.31,0.07) 3 0.78 (0.16, 2.28) —0.03 (—0.19, 0.13)
myeloma
Leukemia 8 1.01 (0.43,1.99) 0.00 (—0.27,0.28) 5 1.00 (0.32,2.34) 0.00 (—=0.19,0.19)
Myeloproliferative | 4 1.36 (0.37, 3.48) 0.04 (—0.14,0.22) 3 1.27 (0.25, 3.70) 0.02 (—=0.12,0.16)
diseases
Myelodysplastic 2 0.60 (0.07, 2.18) —0.05 (-0.20,0.11) 2 1.18 (0.13, 4.25) 0.01 (—=0.11,0.13)
syndromes

Skin melanomatous and non-melanomatous malignancies are excluded. O: observed cancers.

lymphoma, and breast cancer. Females had also an overall increased
risk of metachronous cancers in the first 5 years after CMM diagnosis.

In western populations, the rising incidence of cancer and the
increasing number of cancer survivors (which are frequently exposed
to adjuvant carcinogenic therapies) has in turn increased the number
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of multiple primary malignancies (6, 11, 16, 17). Based on the
definition applied, the incidence of second primaries varies
significantly from 2.4 to 17% (11). An international consensus needs
to be reached so that we can make obtaining comparable, clinically
valuable information a priority.
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By applying SEER’s criteria in a cohort of 10,857 CMM survivors,
Bradford et al. reported a significantly increased risk for
non-melanomatous malignancies, particularly for breast, prostate, and
non-Hodgkin’s lymphoma (observed to expected ratio [E:0]=1.10,
1.15, and 1.25, respectively) (18).

In this context, the sex-related incidence of multiple primaries is
a critical issue that needs to be investigated further. A US study (on
117,000 CMM patients followed from 1992 to 2006) showed a
sex-independent increase of subsequent thyroid cancer, NHL, and
chronic lymphocytic leukemia, with a higher risk of second kidney
and prostate cancers in males, and a higher risk of breast cancer in
females (4).

To delve deeper into the effect of sex on cancer incidence, the
current retrospective population-based study assessed data on
multiple (synchronous and metachronous) primary malignancies in
9,726 CMM patients stratified by sex and followed up for 65,046
person-years.

Synchronous and metachronous multiple
cancers: the clinical impact of the
definition

Our study shows that CMM patients carry a greater risk of
multiple malignancies within 6 months of the index case. When
patients develop a secondary primary cancer, these are categorized as
either synchronous or metachronous primaries, depending on the
length of time between the two cancers. However, the timeframe
considered differs significantly according to SEER and IARC
definitions. The SEER database considers any malignancy diagnosed
within 2months from the index cancer as synchronous, while the
IARC considers any malignancy diagnosed within 6 months of the
index cancer. This enormous nosology inconsistency results in
significant differences in the epidemiological profile and the clinical
interpretation of multiple primaries.

From an epidemiological viewpoint, inconsistent definitions
result in unreliable data interpretation and comparisons. From a
clinical viewpoint, real-world experience shows that the two-month
interval is too narrow to accomplish all diagnostic/staging cancer
procedures, thus increasing the relative number of metachronous
malignancies recorded. By expanding the timeframe of synchronous
malignancies to 6 months, the IARC definition is more consistent with
the natural cancers’ history, and also supports the clinical-biological
rationale of secondary prevention strategies. Thus, the present study
considered all multiple malignancies in different sites diagnosed
within 6 months from the index CMM as synchronous.

Synchronous cancers

Consistent with the IARC conventional definition, synchronous
cancers may plausibly be considered as side-effects of the diagnostic
procedures triggered by the index cancer.

This study documented that the overall risk of synchronous
cancers was higher in both sexes, irrespective of the site. Both sexes
featured an excess risk for synchronous kidney/urinary malignancies,
while females showed a short-term increased “detection” of

breast cancer.
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Although shared pathogenic risk factors cannot be excluded, the
higher incidence of synchronous cancers could also be interpreted as an
effect of increased access to the diagnostic imaging procedures that CMM
patients undergo during the staging process of the index melanoma.
These procedures may lead to the incidental discovery of asymptomatic/
undiagnosed tumors in the first month after the index CMM (5, 19-22).

Metachronous cancers in males

Among CMM male survivors, the present findings did not feature
any overall excess of metachronous cancer risk. Consistent with
previous studies however, male patients did feature an excess risk of
metachronous prostate and thyroid malignancies (5). This increased
thyroid cancer risk remained higher until 60 months after the index
CMM, which could suggest the involvement of cancer-promoting
genetic abnormalities (i.e., BRAFv600e, CDKN2A) which could
potentially be involved in the pathogenesis of both malignancies (23-
26). Due to the small number of tested cases (26), the real pathogenetic
impact of these association(s) needs to be further confirmed. Beyond
any cancer-prone molecular profile, the significant relationship
between CMM and metachronous thyroid malignancies could also
result from the increasing incidence of thyroid cancers (papillary and
undifferentiated), the detection of which has increased due to more
widespread access to diagnostic imaging procedures.

Metachronous cancers in females

If we exclude skin melanomatous and non-melanomatous
malignancies, females consistently featured an overall excess of
metachronous cancer risk. When looking at single cancer sites, breast,
kidney/urinary tract, and hematological (NHL) malignancies also
showed a significant excess of risk. This is in line with a previously-
reported two-way association between invasive CMM and NHL (27-
29). The present findings thus further support the hypothesis that the
two malignancies may share similar risk factors (4), such as impaired
immunological status (30-32) or genetic susceptibility (i.e.,
chromosome 9p21 deletion) (33-36).

While the increased risk of synchronous breast cancer likely
results from the increased medical surveillance triggered by the CMM
staging protocols, the excess of breast cancer risk (which can
be confirmed up until 10years after the index-CMM) also suggests a
potential pathogenetic involvement of BRCA2 and CDKN2A
mutations (37-40). Thus, performing next-generation sequencing
(NGS) analysis could be useful not only in detecting tumor
heterogeneity and potentially finding new targetable mutations for
systemic drug therapies, but also in verifying potential genetic profiles
that could predict metachronous and synchronous tumor risk (41).

Strengths and limitations

An important limitation of the present study is the lack of detailed
information on environmental cancer risk factors, including
socioeconomic status, genetic variants, and behavioral characteristics:
collecting this level of patient-profiling data will be the next frontier
of high-resolution cancer registration. Furthermore, only a fraction of
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the regional population was covered by the cancer registry in the first
few years assessed in this study, which could affect generalizability.
Nonetheless, the historical registration area yielded incidence
estimates for various cancer sites that were proven to be comparable
with those available for the whole population area.

Conclusion

The present study found a significantly increased risk of
synchronous and metachronous cancers in survivors of CMM,
especially in terms of prostate, thyroid, or kidney and urinary tract
cancers in men, and NHL, breast, or kidney and urinary tract cancers
in women. Studies on multiple primary cancers may provide powerful
insights into cancer etiology, including the cancer-promoting role of
environmental and genetic risk factors.

In CMM cancer patients, the results of this study provide the clinical
rationale for developing secondary prevention strategies (including
counseling), as well as decision-supporting tools. Moreover, in CMM
survivors, the present results add clinically helpful information for
sex-tailored surveillance protocols. Patients diagnosed with melanoma
should therefore remain under surveillance, not only for recurrences but
also for new primary melanomas and other cancers.
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