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Abstract

Background: This study aims to provide a comprehensive overview of sex-related characteristics of cutaneous
malignant melanoma (CMM), with special reference to its incidence, clinicopathological profile, overall sur-
vival, and treatment-related costs.

Methods: This retrospective cohort study included all 1,279 CMM patients who were registered in 2015 in the
Veneto Cancer Registry (a population-based registry including all 4,900,000 regional residents). The by-sex
comparisons included tumor stage and site, histological subtype, and other clinical-pathological variables.
A Cox regression analysis was used to test the association between sex and survival, adjusting for the main
covariates. Treatment costs were calculated by linking patients with several administrative regional databases.
Results: Age-specific incidence rates were significantly higher for men among people >50 years old. For men,
the trunk was the most common primary site (59.3%), whereas for women the lower limbs (32.1%) were the
most common primary site, followed by the trunk (31.8%), which was lower than for men (p<0.001). At
presentation, the frequency of early stage CMM was higher among women, who also featured a significantly
lower risk of death (p=0.016), after adjusting for covariates. Men also incurred higher costs for melanoma
treatment in the first year after their diagnosis.

Conclusions: Among younger adults, CMM was more common in women, whereas among older adults, it was
more common in men. Sex also influences patients’ histopathological characteristics at diagnosis. Women had
better overall survival after adjusting for demographic, pathological, and clinical profiles. The costs of treatment
were also lower for women with CMM.
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SEX-RELATED DIFFERENCES IN MELANOMA

Introduction

UTANEOUS MALIGNANT MELANOMA (CMM) is the

deadliest skin cancelr,l’2 and its worldwide incidence has
increased faster than any other malignancy; between 2008
and 2018, CMM incidence rates increased by 44%, with
deaths increasing by 32%.” In Italy, between 2008 and 2016,
the CMM incidence increased for both sexes (men: +8.8%;
women: +7.1%) in all age groups, and CMM is the third
most frequent malignancy in both sexes under the age of 50
years.*”

The lifetime risk of CMM was found to be higher for men
than for women from middle age onward, whereas the op-
posite was observed in adolescents and adults up to age 40
years.® Although female cancers are commonly observed to
have a significant prognostic advantage, in CMM, this type
of a more favorable outcome is considered to be greater than
for any other type of malignancy.” This better survival is
likely to be attributable largely to more women being di-
agnosed earlier, with less advanced (and more easily cur-
able) tumors.®>® However, women’s prognostic advantage
seems to even out in women with more advanced metastatic
stages.s’lo

Few studies have addressed the therapeutic costs of
melanoma using real-world data,”’14 and even fewer
have focused on the stage-specific health care costs.'”'®
To the best of our knowledge, no studies have compared
the costs of health care for melanoma in men versus
women.

Based on the data that were recorded in a regional
population-based cancer registry, and by linking this infor-
mation with that of several administrative regional databases,
this study aimed to provide a comprehensive/updated over-
view of the effect of sex on CMM incidence, its clinico-
pathological profile, and related treatment costs.

Methods
Context

The Italian National Health System is a public system that
is financed mainly by general taxation, and organized es-
sentially on a regional basis.'” Based on national guidelines
for the management of CMM, a diagnostic and therapeutic
patient care pathway has been adopted in Veneto, a large
region in northeastern Italy (with a population of ~4.9
million), in an effort to ensure the health care system’s sus-
tainability, and to reduce inequalities and unwarranted vari-
ability in patient management.'® In 2017, the regional cancer
registry (Registro Tumori del Veneto, RTV) set up a high-
resolution registry of CMM cases in collaboration with the
regional oncology network. Based on patients’ clinical re-
cords, this registry retrospectively collects details regard-
ing the clinical features and tumor stage at the time of their
diagnosis."

Data and variables

The present retrospective cohort study considered
1,279 cases of CMM who were diagnosed in 2015 in the
resident population of the Veneto region, as recorded in
the high-resolution regional cancer registry. The fol-
lowing information was available for each patient: (1)
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tumor site (lower limbs, upper limbs, head, hands/feet,
and trunk); (2) ulceration (present vs. absent); (3) his-
tological subtype (malignant melanoma not specified,
superficial spreading, nodular, lentigo maligna, acral-
lentiginous, desmoplastic, blue nevus, and spitzoid); (4)
growth phase (radial or vertical); (5) Breslow thickness
(£0.75; 0.76-1.50; 1.51-3.99; >4 mm); (6) number of
mitoses (0-2; >2 mm?); (7) tumor-infiltrating lymphocytes
([TILs], present vs. absent); (8) regression (present vs. ab-
sent); and (9) TNM stage at diagnosis (dichotomized as I, II
and III, IV).

Through record linkage with the regional mortality regis-
try, vital status was recorded for all cases as of February 29,
2020. The mean follow-up time was 4.3 years.

Costs

Data on drug prescriptions, use of medical devices, hos-
pital admissions, visits to outpatient clinics and emergency
departments, and hospice admissions were obtained from
administrative databases.

In particular, the costs were obtained from the reim-
bursement rates that were established by the Veneto Regional
Authority for each procedure or medical service. The fol-
lowing sources of information were used:

e The outpatient database collects information on medi-
cal acts and procedures that can be delivered at out-
patient facilities under NHS (National Health System)
funding, at the rates indicated in the outpatient formu-
lary (NTPA, Nomenclature Tariffario delle Prestazioni
Ambulatoriali).20

e Hospital discharge records include the diagnosis-related
group that is associated with each admission, and it
is priced at the rate that is indicated in the inpatient
formulary (NTPO, Nomenclature Tariffario delle Pre-
stazioni Ospedaliere),21 which covers all hospital ac-
tivities (acute or day hospital admissions).

e The regional pharmaceutical distribution database and
hospital drug consumption database are used to assess
the costs of medical therapies, taking the doses ad-
ministered into account.

e The emergency department admissions database records
the costs of each admission, derived from the rates for
all medical acts and procedures that were performed in
the emergency departments.

e The medical devices database records the costs that
were sustained by the regional authorities to provide
medical devices.

Hospice admission costs were also collected by multiply-
ing a regional daily rate by the number of days spent in the
hospice.

Each patient was linked through a unique anonymous
identification code to all administrative data regarding their
hospital admissions, ambulatory care services, drug pre-
scriptions, emergency department visits, medical device
usage, and hospice admissions. We considered the overall
costs and specific melanoma costs, the latter including only
the therapeutic and diagnosis procedures that were specific to
the melanoma care pathway,® for up to 1 year of follow-up
after CMM was diagnosed.
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TABLE 1. INCIDENCE RATES OF CUTANEOUS MALIGNANT MELANOMA, OVERALL, AND BY SEX, PER 100,000
PoPULATION: CRUDE, STANDARDIZED (WORLD STANDARD POPULATION), AND BY AGE GROUP; VENETO REGION, 2015

Male Female Total
Crude rates 28.22 23.8 25.96
0-24 years 1.19 [0.48-2.44] 2.33 [1.24-3.98] 1.74 [1.06-2.69]
25-49 years 20.12 [17.22-23.36] 25.51 [22.21-29.16] 22.79 [20.58-25.18]
50-74 years 47.22 [42.44-52.39] 32.53 [28.68-36.75] 36.69 [36.61-42.95]
75+ years 70.55 [59.46-83.11] 34.84 [28.76-41.82] 48.42 [42.70-54.71]
Standardized rates 18.21 [16.76-19.76] 17.66 [16.15-19.27] 17.91 [16.86-19.01]

Statistical analyses

To establish the melanoma incidence rate, the population
that was considered was the mean number of residents in the
Veneto Region by age group in 2015. To standardize the sex-
specific rates, we considered the world reference population
in 2015. Confidence limits of specific rates were calculated,
based on a Poisson distribution. Confidence intervals (CIs) of
standardized rates were computed according to the formula
based on a gamma distribution.

The chi-square test was applied to identify differences in
the distribution of categorical histopathological and clini-
cal variables by sex. Fisher’s test was only used when there
were fewer than five expected cells in a contingency table.
The Student’s t-test or the Mann—Whitney U test was used to
compare continuous variables, as appropriate (normal dis-
tribution was assessed using the Shapiro—Wilk normality
test).

The person-year mass was calculated by taking the entry
date as the date of diagnosis, and the exit date as the end of
the follow-up (February 2020) or death, whichever came first.
Cox’s regression analysis was used to test the association
between sex and survival. We created a first unadjusted
model (Model 1) with only sex as a variable, then Model 2
adjusted for age group as well, Model 3 also adjusted for
stage distribution at diagnosis, and a fully adjusted model
(Model 4) that considered certain histopathological and clin-
ical variables (histological subtype, tumor site, ulceration,
mitoses, and TIL).

In the multivariate analysis, we grouped certain histol-
ogy categories (lentigo maligna, blue nevus, desmoplastic,
and spitzoid) in the ““Other”” modality. Finally, we devel-
oped Model 5, in which we checked for any interaction
between age and sex, adjusting for previous covariates.
When the proportionality assumption for Cox’s regression
was tested, it had a p-value of 0.74 in Model 1, 0.45 in
Model 2, 0.41 in Model 3, 0.15 in Model 4, and 0.12 in
Model 5.

The R 3.5.2 statistical package was used to record link-
age and for all statistical analyses. A p-value of <0.05 was
considered to be significant. The rates of melanoma be-
tween different age groups were compared by calculating the
95% Cls.

Ethics

Ethical approval for the study was obtained from the Ve-
neto Oncological Institute’s Ethics Committee (n. 52/2016).
Data analysis was conducted on anonymous aggregated data
with no chance of individuals being identifiable.

Results

The 1,279 patients who were considered in the study were
approximately equally distributed by sex (men 53.0%;
women 47.0%). Men had a greater mean age at diagnosis at
60.5 years (£15.3 standard deviation [SD]) compared with
56.6 years (£17.0 SD) for women (p <0.001).

The incidence rates differed between men and women,
but age was a modifying factor for sex through incidence, as
follows: although incidence rates were higher in women
than in men among younger patients (<50 years old), though
with an overlapping CI, they were significantly higher in
men than in women among older adults (>50 years old)
(Table 1).

The most common primary tumor site for men was the
trunk (59.3%), whereas the lower limbs were the most com-
mon primary site for women (32.1%), followed by the trunk
(31.8%). The trunk location was significantly more frequent
in men than in women (p <0.001). Men also had a higher
chance (76.3%) of having TIL at diagnosis than women
(68.2%) (p=0.004) (Table 2).

There were no significant sex-related differences in terms
of stage at diagnosis, mitoses, Breslow thickness, ulceration,
or growth phase. Figure 1 shows the Kaplan—Meier find-
ings. Overall, men had a worse prognosis than women, with
a lower overall survival rate at 48 months (85.5 vs. 89.9;
p=0.03).

Table 3 gives the results of the Cox regression models for
overall survival. Without any adjustment (Model 1), male sex
was associated with a higher risk of dying of CMM within 48
months of the diagnosis (hazard ratio [HR]: 1.41; 95% CI:
1.03-1.93). After adjusting for age (Model 2), the survival
advantage for women no longer appeared to be significant
(HR: 1.28; 95% CI: 0.93—1.75), but after adjusting for both
age and stage at diagnosis (Model 3), the risk of dying was
significantly lower for women (HR: 1.52; 95% CI: 1.08-
2.14). The significance of the association between sex and
survival was also evident when histological subtype, tumor
site, TIL, mitoses, and ulceration were taken into account
(Model 4), (HR: 1.66; 95% CI: 1.05-2.61). In a multivariate
analysis (Model 5), the interaction between sex and age was
not significant (data not shown).

Table 4 gives the itemized mean health care costs within
the first year after diagnosis by sex. Male sex was associated
with significantly higher overall costs (€6,888.2 vs. €4,879.0;
p=0.002) and melanoma-specific costs (€4,487.5 vs. €3,327.8;
p=0.035). In particular, men incurred higher overall costs
for hospital admissions (€3,424.4 vs. €2,769.0; p=0.017),
which was the greatest item of expenditure for health care in
our study population.
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FIG. 1. Survival curve of patients with cutaneous malig-

nant melanoma by sex at 48 months. Male—sample,
n=678; deaths, n=98; survival rate at 48 months: 85.5%;
CI: 82.9-88.2; Female—sample, n=601; deaths, n=61;
survival rate at 48 months: 89.9%; CI: 87.5-92.3; log-rank
test: p=0.03. CI, confidence interval.

Discussion

This population-based study focuses on the relationship be-
tween sex and CMM epidemiological and clinicopathological
profiles (e.g., incidence, histological phenotypes, and prog-
nosis). The study has also addressed the analysis of
treatment-related costs in male compared with female CMM
patients.

Among young people, the incidence of CMM was higher
in women, but men had a significantly higher incidence in
patients older than 50 years; both of these findings are con-
sistent with the results of previous studies that were con-
ducted in fair-skinned populations.?*?* The interpretation of
these sex-related differences remains controversial.

In young CMM patients, the most credible etiopathoge-
netic hypothesis mostly involves genetic—environmental
interactions that are triggered by occasional ultraviolet radi-
ation exposure in ‘‘genetically prone’ subjects, whereas
later-onset CMM would mostly reflect accumulated life-
long exposure to the sun in less susceptible individuals.>*?
Moreover, young women are more likely to be involved in
activities/behaviors with a potentially increasing neoplastic
risk, including harmful exposure to artificial sun lamps or
severe sunburn.**?’

Among women, both the CMM stage and the Breslow
thickness were lower (although marginally significant); this
feature (potentially resulting from women’s greater tendency
to check their own skin’"®) could be consistent with the high
frequency of the self-assessment for CMM among women
(approximately one in two).**?°

The most common primary sites of CMM were the trunk
and lower limbs in men and women, respectively. This dif-
ference in the primary CMM location has been possibly at-
tributed to clothing styles, with prevalent exposure of the
trunk in men and that of the legs/feet in women.>> Moreover,
the difference in the primary CMM location could, at least
partially, provide a reason for the difference in CMM prog-
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nosis by sex.*® For example, although primary trunk CMMs
most frequently metastasize to distant (unpredictable) sites,
neoplastic lesions of the lower limb mostly metastasize to
regional nodes that are more easily detectable and/or more
easily managed surgically.®'

For the most frequent histological subtypes (covering
1,085 out of 1,279 cases), a borderline-significant frequency
of nodular CMM was documented in men, whereas super-
ficial spreading melanoma prevailed in women. An inverse
association (by sex) was documented between TILs and
tumor regression. TILs are consistently a biological plau-
sibility, and they were more frequently absent in women
who also showed a lower frequency of ‘‘neoplastic regres-
sion.”” Conversely, the higher frequency of TIL in males
was significantly coupled with a higher frequency of
regression.

Thus, these results apparently support a greater tendency
for men to have an immunological reaction against CMM,
which strongly contrasts with the more favorable CMM
outcome that is consistently shown by women. However,
the significantly higher frequency of nodular melanoma
among men and the clustering of men in the highest Bre-
slow classes may have both contributed to a less favorable
prognosis, even if sex still remains a variable that is as-
sociated with survival after adjusting for the stage and
histotype.32

This study associates women with a significantly higher
survival rate, and this finding has been confirmed even after
adjusting for covariates. However, many studies could not
confirm a sex-related advantage after adjusting for stage and
Breslow thickness.”**73 At the molecular level, Gupta et al.
documented a significant greater burden of missense muta-
tions (potentially promoting cancer progression) in men,
which also sug%gigs a more efficient female-associated im-
mune response.”

To the best of our knowledge, this is the first large-scale
study that specifically quantified the costs of CMM treat-
ment(s) by sex. In the first year after their diagnosis,
treatment costs for men were significantly higher, which
could potentially be due to both the higher frequency of
more advanced CMM stages and the patients’ more ad-
vanced age, which frequently involves comorbidities-
related costs.

This study had some limitations, especially the lack of
some variables (e.g., histological categorization of the TIL
patterns, and CMM molecular profiling), which could be
relevant. Moreover, some variables recorded had many
missing data points, which did not allow inclusion of these
variables in the multivariate analysis to prevent a sample size
reduction.

The main strength(s) of this study is its population-based
design, and it provides diagnostic and therapeutic informa-
tion that was obtained from real-world clinical practice.

In conclusion, this study confirms that the incidence of
CMM is higher in male adults >50 years of age, and that
some histological features consistently show distinct sex
differences. Irrespective of either patient age or the tumor
stage, men had a worse overall survival. Finally, men, in
their first year after disease diagnosis, generated higher di-
agnostic and therapeutic-related costs, which was likely due
to the more advanced disease at the time of the initial
clinical detection.
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TABLE 4. ITEMIZED MEAN (AND MEDIAN) OVERALL AND MELANOMA-SPECIFIC HEALTH CARE
CosTs IN THE FIRST YEAR AFTER Di1aGNoOSIS BY SEX (IN EUROS)

Overall costs in first year All sample Men Women Mann—Whitney test
Total overall costs 5,944.1 (2,656.4) 6,888.2 (2,881.5) 4,879.0 (2,441.5) 0.002
Hospital stays 3,116.4 (1,729.7)  3,424.4 (1,729.7)  2,769.0 (1,729.7) 0.017
Outpatient services 1,051.2 (597.4) 1,106.5 (609.8) 988.8 (576.9) 0.251
Direct-distribution pharmaceuticals  1,083.8 (0) 1,388.1 (0) 740.6 (0) 0.083
Other pharmaceuticals 243.2 (91.1) 294.2 (120.9) 185.7 (61.0) <0.001
Emergency room 50.2 (0) 53.5 (0) 46.6 (0) 0.294
Hospice stays 5.2 (0) 9.9 (0) 0.0 (0) 0.035
Medical devices 394.0 (0) 611.7 (0) 148.4 (0) 0.369
Melanoma-specific costs in first year All sample Men Women Mann—Whitney test
Total melanoma-specific costs 3,942.5 (2,110.7) 4,487.5 (2,157.5) 3,327.8 (2,057.3) 0.035
Hospital stays 2,135.7 (1,729.7)  2,298.5 (1,729.7)  1,952.0 (1,729.7) 0.109
Outpatient services 901.5 (500.9) 949.2 (501.1) 847.7 (498.6) 0.622
Direct-distribution pharmaceuticals 897.5 (0) 1,228.0 (0) 524.6 (0) 0.244
Other pharmaceuticals 3.1 (0) 3.4 (0) 2.9 (0) 0.591
Emergency room 0.8 (0) 1.0 (0) 0.6 (0) 0.853
Hospice stays 3.9 (0) 7.4 (0) 0.0 (0) 0.060
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