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Sex differences in cutaneous melanoma (CM) survival
are pronounced. It is unclear how these differences
impact the loss in life expectancy (LLE). A population-
based cohort from the Swedish Melanoma registry
was used to analyze sex differences in life expectancy
(LE) and LLE following a CM diagnosis. The cohort
included 12,893 men and 12,572 women aged 40
years or above diagnosed with a first invasive CM
in Sweden between 2000 and 2014. The average
remaining LE at CM diagnosis was 15.45 years (95% CI
15.21, 15.7) for men and 20.14 years (95% CI 19.89,
20.43) for women, and the LLE was 2.95 years (95%
CI 2.70, 3.19) and 2.4 years (95% CI 2.11, 2.67),
respectively. If men had the same relative survival
as women, the average LE for men would instead be
17.33 years (95% CI 17.03, 17.65) and the LLE 1.07
years (95% CI 1.07, 1.38). Men lose more years due
to CM than women. Baseline age, stage or location are
not sufficient to explain the sex differences.
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he sex differences in cutaneous melanoma (CM)

survival are well-described with women having
prolonged CM survival across different stages (1—
3). These survival discrepancies are still not fully
understood (3, 4). Different behavioural and biological
rationales have been suggested (3), and in some
previous reports, behavioural patterns have been
considered insufficient to explain the observed
differences, suggesting that biological factors are at
least part of the explanation (1, 3). Known prognostic
factors for primary CM besides sex include age, tumour
thickness, ulceration status and stage at diagnosis but
also for example socioeconomic status (5). The site of
the primary CM is not only a prognostic factor but also
strongly sex specific (6, 7).

SIGNIFICANCE

We calculated how many years women and men loose
after being diagnosed with cutaneous melanoma, when
compared to life expectancies in the general population.
It was observed that men lose on average more years
than women following a melanoma diagnosis, despite
having a shorter life expectancy in the general population.
This means that the survival advantage women have
in melanoma is greater than the difference in general
population life expectancies. The differences were not
explained by disease severity, age at diagnosis or location
of the melanoma.

Life expectancy (LE) varies between men and women
also in the general population. A large majority of the
primary CMs are diagnosed at stages I and II, in which a
high proportion of individuals are cured (8). Therefore,
it is of interest to complement studies concentrating on
relative survival or melanoma-specific survival (MSS)
with a measure that takes background life expectancy
differences into account. Loss in life expectancy (LLE)
quantifies the impact of CM diagnosis with respect to
background LE. It can be interpreted as mean years lost
following a CM diagnosis.

In this study, we estimated the differences in
the remaining LE and LLE for men and women
following a diagnosis of a first CM overall, as well
as within different stages at diagnosis and location
of primary tumour. The outcome measures expand
current understanding of CM by capturing the impact
of CM diagnosis in relation to the remaining life
expectancy.

MATERIALS AND METHODS

The initial cohort consisted of all individuals
diagnosed with first invasive CM between the years
2000 and 2014 in Sweden (35,847 individuals)
and was extracted from the Swedish Melanoma
Registry (SweMR)(9), which has a coverage of
close to 100% compared to the National Cancer
Register. The SweMR was linked to the Swedish
Cause of Death Register for information on time of
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death. The time period (2000-2014) was chosen to
provide sufficient follow-up for the estimation of LE,
including enough information on the relationship of
general population mortality and cancer mortality to
reliably extrapolate life-course in the cancer cohort
(10). Patients diagnosed before the age of 40 were
excluded (3,828 individuals) to increase estimation
robustness; the estimation of LE is difficult for
younger individuals (10). This cut-off was drawn
low to keep as large a population as possible. Other
exclusion criteria were missing information on stage
(1,980 individuals) or tumour site (123 individuals).
The final cohort included 29,916 patients diagnosed
with first primary CM (Fig. 1). The outcome was
defined as time from diagnosis until death by any
cause. If death was not observed, the individual was
administratively censored on 31st of December 2020.

The stage at primary diagnosis was categorized
according to the 8th American Joint Committee
on Cancer staging for CM (AJCC) where stages
I and II include nonmetastatic cancer, stage III
indicates lymph node or satellite metastasis and
stage IV distant metastasis (11). Location of the
primary tumour was categorized into three groups:
extremities (upper and lower extremities and acral
CMs), head/neck and trunk. Acral CMs were few
(413 individuals) and were expected to have little
impact on results.

Our estimands of interest were LE and LLE. The
LLE was defined as the difference in LE that would
have been observed in the absence of CM and the
LE following CM. LLE is calculated by comparing
the observed mortality in the cancer cohort to the
expected mortality of individuals with the same birth
year, sex and age. Population mortality rates were
used as a proxy for the mortality rates in the
absence of melanoma. Differences in sex, age or
year of diagnosis directly impacted the LE and LLE
and are therefore used in matching. The stratified
population mortality rates for the Swedish population
were  extracted from the Human  Mortality
Database.

Statistical analysis

Baseline  statistics were presented as counts
(percentages), mean (standard deviation) and median
(25th and 75th percentiles). Differences of sex versus
stage and location at diagnosis were tested with a > test.
A flexible parametric relative survival model (FPRM)
was used to estimate the survival after CM diagnosis
(10). The model included sex, stage at diagnosis,
location of CM and a natural spline for age at diagnosis.
Interactions of sex with age at diagnosis, stage and
location were included in the model. Modelling was
done on the log cumulative excess hazard scale, using a
natural spline. Time-varying effects were allowed for
sex, stage, location and age at diagnosis. The final
model was chosen based on both theoretical and clinical
considerations.

The outcomes are the mean predicted LE and LLE,
calculated by averaging over all individual predictions
within the relevant subcohort. These results are referred
to as the marginal estimates. The age, stage and
location differences were expected to drive some of
the marginal results. To enable fair comparisons, we
also standardized the age and stage and/or location
distributions. Standardization was done by replacing the
relative survival estimates of one group, with those of
another group. First, standardization was done using
women’s relative survival, but baseline age, stage and
location distributions, and expected survival of men.
These results are reported as the “men under women’s
relative survival”. They can be compared to the
marginal estimates of men to see how much they would
change if men had the relative survival of women’s.
Similarly, the “men under women’s covariate structure”
refers to estimates using the women'’s baseline covariate
distribution but relative and expected survival of men.
Effectively, it is LE and LLE of men in a population
weighted to resemble that of the women.

Estimation was done in Stata 18 (StataCorp. 2023.
Stata Statistical Software: Release 18. College Station,
TX: StataCorp LLC.), using the stpm3 -command
to fit the FPRM and standsurv for the standardized

Diagnosis with first primary CM 2000-2014, age 18 and over, n=35 847

™,

n=35 708

Excluded due to missing site n=139

o,

n=31 889

Excluded due to under 40 years of age n=3 819

N

Cohort size n=25 754

Excluded due to missing stage n=6 135

Fig. 1. Flowchart of the cohort extraction. CM: cutaneous melanoma.
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survival probabilities. As the study was register-based,
no informed consent was required. The study was
approved by the Lund regional ethical committee. The
study was descriptive, and no pre-specified hypothesis
testing was done.

RESULTS

Women were diagnosed younger than men, with
median age of 64 (p25 53, p75 76) and
67 (p25 58, p75 76) years for women and
men respectively (Table I). The most common CM
location for women was extremities (56%), and for
men trunk (56%). Head and neck cancers were
approximately equally common in men and women
(14% and 13%, respectively). Sex differences in
the stage distribution were statistically significant
(Table I). Location and stage were not statistically
independent in neither men nor women, indicating
that they are related (Table SI).

Sex differences in LE and LLE

Women had almost 5 years longer marginal LE at
the time of diagnosis, compared to men (women:
21.45 years; 95% CI 21.13, 21.77, men: 16.57 years;
95% CI 16.28, 16.88, Table II). Women’s average
LLE (1.94 years; 95% CI 1.61, 2.26, Table III)
was approximately half a year shorter compared to
men, despite their longer expected LE (men LLE:
2.38 years; 95% CI 2.07, 2.67, Table III). The
LLE did not change for men when standardized
using the baseline covariate distributions of women,
even though the LE increased by 1.93 years. The
standardized estimates showed that LE would have
been about 0.6 years longer for men if they had the
same relative survival as women (Table II, Fig. 2).

Table I. Clinico-pathological characteristics for patients 40 years
and older, diagnosed with a first primary invasive cutaneous
melanoma in Sweden in 2000-2014

Men Women Total p-value
N=15,418 N=14,498 N=29,916
Clinico-pathological characteristics
Stage
I 10,076 (65.4%) 10,302 (71.1%) 20,378 (68.1%) <0.001
I 4,972 (32.2%) 3,938 (27.2%) 8,910 (29.8%)
1 215 (1.4%) 153 (1.1%) 368 (1.2%)
v 155 (1.0%) 105 (0.7%) 260 (0.9%)
Location
Head/Neck 2,192 (14.2%) 1,818 (12.5%) 4,010 (13.4%) <0.001
Extremities 4,661 (30.2%) 8,335 (57.5%) 12,996 (43.4%)
Trunk 8,565 (55.6%) 4,345 (30.0%) 12,910 (43.2%)
Year of diagnosis
2000-2004 3,599 (23.3%) 3,402 (23.5%) 7,001 (23.4%) 0.13
2005-2009 4,837 (31.4%) 4,687 (32.3%) 9,524 (31.8%)
2010-2014 6,982 (45.3%) 6,409 (44.2%) 13,391 (44.8%)
Age (mean) 66.6 (12.67) 64.77 (14.19)  65.71 (13.47)  <0.001
Age (median) 67 (58-76) 64 (53-76) 66 (55-76) <0.001

Data characteristics

Deaths, number of events
Follow-up time

Cumulated person years

6,643 (43.1%) 4,654 (32.1%) 11,297 (37.8%) -

118543.4
7.69 (3.81)

122830.2
8.47 (3.55)

241373.6 -

Mean years 8.07 (3.71) -

Women had longer LE compared to men within
all cancer stages and locations, except for stage III
and IV CM of the trunk (Table II, Fig. 2). However,
women’s LLE was greater than men’s in a third
of the subgroups (Table III, Fig. 2). Patterns in
LE of CM patients did not translate into patterns
in LLE, as LLE also depends on the expected
survival in absence of CM. LE decreased and LLE
increased with increasing stage within all locations.
For both men and women, head and neck CM had
the shortest LE and greatest LLE within all stages.

LE and LLE by sex and tumour site

Within head/neck CM, women had a longer marginal
LE than men within all stages. The LLE of men was

Table II. Life expectancy (LE) following a cutaneous melanoma diagnosis in Sweden among individuals diagnosed at age 40 and above
between 2000 and 2014, by sex, stage at diagnosis and location

LE

Women

Men

Men under women’s relative survival

Men under women'’s covariate structure

All
Location head/neck
I
II
111
vV
Location extremity
I
11
II1
v
Location trunk
I
II
II1
v

20.14 (19.86, 20.42)

16.85 (16.58,17.13)
7.95 (7.44,8.51)
7.19 (5.63,9.19)
4.59 (2.91,7.25)

23.78 (23.49,24.08)
12.7 (12.25,13.16)
11.73 (10,13.76)
5.58 (4.19,7.43)

25.39 (24.91,25.89)
13.3 (12.53,14.1)
9.16 (7.25,11.58)
4.03 (2.66,6.11)

15.45 (15.21, 15.7)

15.18 (14.93,15.44)
7.82 (7.32,8.34)
7.05 (5.87,8.47)
3.27 (2.42,4.41)

19.34 (18.99,19.69)
10.14 (9.64,10.66)
8.25 (7.07,9.63)
4.74 (3.65,6.16)

19.24 (18.89,19.59)
9.54 (9.16,9.94)
9.39 (7.94,11.11)
4.84 (3.66,6.39)

17.33 (17.02, 17.65)

15.37 (15.16,15.58)
8.74 (8.18,9.33)
6.63 (5.28,8.33)
2.42 (1.58,3.71)

19.82 (19.62,20.03)
12.38 (11.97,12.79)
9.23 (7.97,10.68)
5.18 (3.94,6.8)

19.44 (19.16,19.73)
10.4 (9.9,10.93)
8.37 (6.72,10.44)
3.49 (2.35,5.18)

16.05 (15.85, 16.26)

14.67 (14.42,14.94)
6.32 (5.94,6.72)
7.19 (6,8.6)

4.88 (3.44,6.92)

20.8 (20.4,21.22)
9.29 (8.83,9.78)
9.29 (7.85,10.99)
4.58 (3.51,5.98)

22.59 (22.11,23.08)
10.87 (10.34,11.44)
9.34 (7.86,11.1)

5 (3.75,6.66)

Men under women’s relative survival used women'’s relative survival and men’s expected survival in the male cohort. Men under women'’s covariate structure used
the relative and expected survival of men, but weighting the cohort age and location and/or stage distribution to be like that of the women. All results present the
average of the group specific predictions.
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Table III. Loss in life expectancy (LLE) after a cutaneous melanoma diagnosis in Sweden among individuals diagnosed at age 40 and

above in 2000-2014, by sex, stage at diagnosis and location

LLE Women Men Men under women’s relative survival Men under women’s covariate structure
All 2.4.(2.11, 2.67) 2.95 (2.70, 3.19) 1.07 (1.07, 1.38) 2.35 (2.14, 2.55)
Location head/neck

1 0.63 (.41,.84) 0.81 (.55,1.07) 0.77 (.5,1.04) 0.81 (.55,1.07)

11 4.27 (3.68,4.83) 4.13 (3.72,4.5) 4.14 (3.59,4.66) 5.19 (4.66,5.68)

1 8.99 (7.29,10.35) 8.46 (7.04,9.64) 10.54 (8.54,12.11) 8.57 (7.15,9.75)

v 10.12 (8.83,10.96) 13.3 (11.27,14.74) 15.81 (13.15,17.49) 9.27 (8.13,10.12)
Location extremity

1 0.61 (0.41,.81) 1.3 (0.88,1.7) 0.92 (0.62,1.22) 1.1 (.75,1.44)

11 4.03 (3.61,4.44) 5.74 (5.25,6.2) 4.42 (3.95,4.87) 6.27 (5.75,6.77)

1 7.65 (6.2,8.91) 10.09 (8.38,11.52) 10.05 (8.01,11.78) 8.63 (7.26,9.81)

v 10.01 (8.39,11.25) 10.18 (8.78,11.25) 11.24 (9.39,12.63) 10.45 (9.02,11.54)
Location trunk

1 0.95 (0.65,1.23) 1.56 (1.06,2.04) 1.47 (.97,1.95) 1.15 (0.8,1.49)

11 5.45 (4.93,5.95) 7.68 (7.11,8.21) 7.6 (6.79,8.36) 6.31 (5.91,6.7)

1 11.96 (9.9,13.62) 11.06 (9.3,12.55) 13.7 (11.28,15.61) 10.94 (9.22,12.4)

v 13.57 (11.89,14.71) 12.73 (11.07,13.98) 16.02 (13.94,17.39) 12.23 (10.68,13.4)

Men under women'’s relative survival used women'’s relative survival and men’s expected survival in the male cohort. Men under women'’s covariate structure used
the relative and expected survival of men, but weighting the cohort age and location and/or stage distribution to be like that of the women. All results present the

average of the group specific predictions.

slightly greater for stage 1 and IV, but for stages II
and III, men lost less years, even if the differences
were minor. Standardization for age shortened men’s
LE in stages I and II but increased it for stages
IIT and IV. These estimates are very close to the
women’s estimates, indicating that within this group,
men’s and women’s LE are approximately the same if
age differences are taken into account. The differences
between the men’s marginal and age standardized LLE
estimates were under or around 1 year, except for stage
IV, where the LLE difference is 4 years (Table III).
When applying women’s relative survival to men, the
LE increased at stages I and II (difference: 0.19, 0.92
years) but shortened for stages III and IV (difference
0.42 and 0.85 years).

As with head/neck, marginal LE for CM of the
extremity was longer for women in all stages. The
marginal LLE in CM of extremity was lower for women

Head/neck

at stages [ and IV, but higher in stages II and III (Table
IIT), compared to men. In stages I and III, baseline
age seems to explain some of the marginal difference
between men and women (LE differences: 1.46 and 1.04
years, respectively, Table II) but not so for stage II and
IV CM (difference: —0.85 and —0.17 years, respectively,
Table II). The corresponding changes in LLE were
small, except stage III where men would lose 1.46 years
more if they had the baseline covariate structure of
women (Table III).

The largest marginal LE differences between the
sexes for stages I and II are observed at the CM
of the trunk: 6.15 and 3.76 years respectively (Table
I). Weighting men to align with the age structure
of women increased LE by 3.35 and 1.33 years in
stages I and II but had very small impact for stages
I and IV (—0.05 and 0.16 years, Table II). Men
would have reduced LE for stages IIl and IV if they

Extremity Trunk

—

: 1,

[\

6 5 10 15 20 75 0 5 10

15 20 25 )] 5 10 15 20 25

Fig. 2. Life expectancy (LE) and loss in life expectancy (LLE) after a cutaneous melanoma diagnosis in Sweden among individuals
diagnosed at age 40 and above in 2000-2014, by sex, stage at diagnosis and location. Red is women’s marginal estimates, gray is men’s
marginal estimates, blue is men under women’s relative survival, green is men with women’s covariate structure. The lighter (transparent) colors

show the LE and the LLE is shown as darker colors.

Acta Derm Venereol 2026


http://medicaljournalssweden.se/actadv

ActaDV

ActaDV

5/6 A. Oksanen et al. Sex differences in loss in life expectancy in cutaneous melanoma

had women’s relative survival but not so for stages I
and II (differences: 0.20, 0.86,—1.02 and —1.35 years,
stages 1 to IV respectively, Table II), leading to a
larger LLE for stage III and IV if men would have
the relative survival of women.

DISCUSSION

In this large, population-based study with high-
coverage CM data from the SweMR, we found that
despite the generally longer LE of women, LLE
difference between men and women varied between
subgroups. Standardization for age differences partly
explained the differences in LE and LLE in some
subgroups, for example stage I and II LE head/neck
CM, yet was found to accentuate them in others,
like LE of stage IIl and IV head/neck. In stages I
and II, worse relative survival of men contributed to
shorter LE compared to women.

This study demonstrated that women had longer
average LE at diagnosis, but, despite the longer general
population LE giving them more years to lose, they
on average lost fewer years to CM than men. These
findings are in line with previous studies on primary
CM LLE by Vikstrom et al. (12) and Syriopoulou et al.
(13), which both found that women lost fewer years (12,
13). According to Syriopoulou et al. (13), CM was the
only cancer among those studied where women lose less
years than men. Moreover, Thiam et al. (14) provided
a comparison of the LLEs between not only the sexes,
but also countries, using always the relative survival
estimates from the same (US) population. Their overall
results were in line with ours, but they reported larger
differences, potentially driven by the use of US relative
survival and secondary data.

Although direct comparisons of different outcome
measures are difficult, women have been observed to
have a survival advantage at different cohorts and
different geographical locations (1, 2, 4, 15, 16). Joosse
et al. found women to have a better survival with a
consistent hazard ratio of 0.7 (1, 2). Similar results
have been found by others over the years (4, 17). Our
overall results were driven by stage [ and II CM, which
constitute the majority of the primary CMs at diagnoses
in Sweden (97.5%, Table I). Like in our data, Vikstrom
et al. (12) observed a switch from lower LLE for women
in stage II CM to higher LLE for women in stage
IIT CM. This finding was also supported by Thiam et
al. (14), who found women to lose more years when
combining stage I1IB/C and IV CM diagnosis (14) and
Syriopoulou, who observed women to lose less years
when all CM diagnoses are investigated (13). On the
other hand, Vikstrom et al. also observed that women
consistently lost a smaller proportion of their remaining
life (12). This underlines the complexity of measuring

Acta Derm Venereol 2026

survival differences; women can simultaneously have
longer LE yet lose more years as their expected LE is
longer but also lose less of their remaining expected life
percentagewise.

The marginal LE and LLE estimates did not take the
age, location and stage differences into consideration.
Several studies have found that men are initially
diagnosed older and with more severe disease (15, 18—
22), which we also observed (Table I). In addition to the
marginal estimates, we presented standardized estimates
where covariate structures and then relative survival
estimates were made to be comparable between the
sexes. Equalizing relative survival increased men’s LE
in some stage and location groups. Similarly, aligning
the age distributions brought the LE of men closer to
that of women for most groups, but not all.

The inability of age, location and stage differences
to thoroughly explain the observed sex differences in
CM LE and LLE indicated that other factors, like
biological differences, are probably involved (1-3). It is
also conceivable that the shorter LLE for women within
stage | was due to a larger portion of the women having
lost no life years to CM. CM incidence has increased
over the decades without corresponding changes in
mortality (23, 24), and several authors have raised the
possibility of over-diagnosis (25, 26), potentially more
common in women (27).

The major strengths of this study were the population-
based nationwide comprehensive CM data which,
together with advanced methodology, enable modelling
of the sex differences in a flexible and realistic way. On
the other hand, potential limitations were the uncertainty
inherent to extrapolation, particularly for the younger
patients whose survival has to be extrapolated for a
longer period. Also, the cohort was limited to Swedish
patients and generalizability to other populations is
uncertain. Another limitation was that, to guarantee
sufficient follow-up, we were unable to use information
on more recently diagnosed patients who have received
new treatments not yet in use on a national level in
Sweden.

This study showed that on average, men have a
shorter life expectancy after a CM diagnosis and lose
more years due to a CM diagnosis than women.
Marginally, women had longer LE in all subgroups
except stage IV CM of the trunk, and, after considering
age, also in stage IV CM of the head/neck. Despite the
clear pattern in LE differences, LLE difference between
men and women varied in length and direction between
the subgroups.
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