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ARTICLE INFO ABSTRACT

Keywords: Background: The survival in patients diagnosed with cutaneous malignant melanoma (CMM) has improved in the
Mel?{“‘)ma Nordic countries in the last decades. It is of interest to know if these improvements are observed in all ages and
Survival for both women and men.

Comganson A Methods: Patients diagnosed with CMM in the Nordic countries in 1990-2016 were identified in the NORDCAN
Nordic cancer registries . . . . . i
NORDCAN database. Flexible parametric relative survival models were fitted, except for Iceland where a non-parametric

Pohar-Perme approach was used. A range of survival metrics were estimated by sex, both age-standardised
and age-specific.

Results: The 5-year relative survival improved in all countries, in both women and men and across age. While the
improvement was more pronounced in men, women still had a higher survival at the end of the study period. The
survival was generally high, with age-standardised estimates of 5-year relative survival towards the end of the
study period ranging from 85% in Icelandic men to 95% in Danish women. The age-standardised and reference-
adjusted 5-year crude probability of death due to CMM ranged from 5% in Danish and Swedish women to 13% in
Icelandic men.

Conclusion: Although survival following CMM was relatively high in the Nordic countries in 1990, continued
improvements in survival were observed throughout the study period in both women and men and across age.

1. Introduction

The incidence of cutaneous malignant melanoma (CMM) has
increased dramatically in the Nordic countries (Denmark, Finland, Ice-
land, Norway, Sweden) over the past decades [1-3]. CMM is not un-
common in younger individuals and is the second most common cancer
in men and women aged 20-49 [4]. The prognosis of CMM is highly

dependent on the stage at diagnosis, where those diagnosed with a thin
melanoma have a 5-year melanoma-specific survival over 95% with
much poorer survival in late stage disease [5]. The prognosis of CMM
also differs by sex [6], with men having worse prognosis. The reasons for
this discrepancy are not fully known, but can partly be explained by the
stage distribution at diagnosis [6]. Given the high incidence at younger
ages and the sex differences in prognosis, it is of interest to investigate if
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Table 1

Numbers of cutaneous malignant melanoma cases in the Nordic countries 1990-2016, by age at diagnosis.
Women Denmark Finland Iceland Norway Sweden
Cases 1990-2016, n 21,133 11,652 656 17,226 29,267
Years of follow-up®
Total, years 166,700 79,169 6261 137,065 232,172
Mean (SD) 7.9 (5.0) 6.8 (5.2) 9.5 (5.1) 8.0 (5.2) 7.9 (5.1)
By age group, n %
18-29 years 1559 7.4% 486 4.2% 104 15.9% 854 5.0% 1372 4.7%
30-39 years 2733 12.9% 979 8.4% 123 18.8% 1705 9.9% 2829 9.7%
40-49 years 3864 18.3% 1616 13.9% 112 17.1% 2748 16.0% 4564 15.6%
50-59 years 3766 17.8% 1974 16.9% 118 18.0% 3071 17.8% 5080 17.4%
60-69 years 3842 18.2% 2361 20.3% 83 12.7% 3307 19.2% 5651 19.3%
70-79 years 3059 14.5% 2318 19.9% 62 9.5% 3022 17.5% 5325 18.2%
80-89 years 1913 9.1% 1546 13.3% 44 6.7% 2057 11.9% 3641 12.4%
> 90 years 397 1.9% 372 3.2% 10 1.5% 462 2.7% 805 2.8%
Age, mean (SD) 56.0 (17.8) 61.4 (17.4) 50.0 (18.6) 59.5 (17.6) 60.0 (17.6)
Age, median (IQR) 56 (42-70) 63 (49-75) 49 (35-63) 60 (46-73) 61 (47-74)
Men Denmark Finland Iceland Norway Sweden
Cases 1990-2016, n 17,450 12,147 438 16,282 28,994
Years of follow-up®
Total, years 118,687 73,758 3261 108,595 203,301
Mean (SD) 6.8 (4.9) 6.1 (5.0) 7.4 (5.2) 6.7 (5.1) 7.0 (5.0)
By age group, n %
18-29 years 650 3.7% 243 2.0% 31 7.1% 377 2.3% 672 2.3%
30-39 years 1369 7.8% 658 5.4% 34 7.8% 985 6.0% 1759 6.1%
40-49 years 2413 13.8% 1391 11.5% 79 18.0% 2134 13.1% 3247 11.2%
50-59 years 3290 18.9% 2304 19.0% 69 15.8% 3070 18.9% 4875 16.8%
60-69 years 4302 24.7% 3130 25.8% 84 19.2% 3918 24.1% 7115 24.5%
70-79 years 3625 20.8% 2827 23.3% 92 21.0% 3611 22.2% 7060 24.3%
80-89 years 1589 9.1% 1427 11.7% 45 10.3% 1930 11.9% 3742 12.9%
> 90 years 212 1.2% 167 1.4% 4 0.9% 257 1.6% 524 1.8%
Age, mean (SD) 60.2 (15.8) 62.9 (14.8) 58.7 (17.4) 62.2 (15.3) 63.4 (15.4)
Age, median (IQR) 62 (49-72) 64 (53-74) 60 (47-73) 64 (52-74) 65 (53-75)

2 Follow-up included in analyses, up to 15 years per patient. SD = standard deviation.

the survival improvement observed for CMM patients in the Nordic
countries [2] are similar across age at diagnosis and sex.

The aim of this study was to investigate temporal survival trends in
patients diagnosed with CMM in the Nordic countries by taking
advantage of the high-quality population-based standardised cancer
registration within the countries. We present a range of survival mea-
sures to provide a comprehensive picture of the prognosis of CMM
patients.

2. Material and methods
2.1. Data

The NORDCAN database was used to obtain Individual-level data on
patients diagnosed with CMM (International Classification of Diseases
version 10 [ICD10]: C43) in Denmark, Finland, Iceland, Norway and
Sweden in the years 1990-2016. The NORDCAN database includes in-
formation from the national cancer registries in the Nordic countries,
with a population of around 27 million inhabitants [7]. Individuals were
followed until date of emigration (except for Iceland where emigration
information was not available), date of death or 31st of December 2017
(2016 for Finland), whichever occurred first. Only adult individuals
(aged 18 years and above at diagnosis) were included in analysis of
survival. Death certificate only cases, incidental autopsy findings and
subsequent primary tumours at the same site in the same patient (Ap-
pendix A.1) were excluded in the survival analysis. Population-based
mortality rates stratified by age, sex and calendar year were obtained
from each country’s national statistics office and used as expected
mortality rates for the cancer patients.

2.2. Statistical analysis

Incidence and mortality rates were estimated in each country by sex,

10-year age groups and five-year period diagnosis windows. Age-
standardized rates were also estimated with three-year diagnosis win-
dows using the Nordic population distribution in the year 2000 for
standardization (Appendix A.2).

Flexible parametric relative survival models [8-10] were fitted
separately to the data from each country. This type of modelling
approach has been widely used for estimation of cancer patient survival
[2,11,12]. All models included age at diagnosis (using restricted cubic
splines with 3 degrees of freedom), calendar year at diagnosis (using
restricted cubic splines with 3 degrees of freedom) and sex. The models
included two-way interactions between each of the three covariates
(age, year and sex), and non-proportional excess hazards were allowed
by including interactions between the time-scale (time since diagnosis)
and each of the covariates. The log cumulative baseline excess hazard
was modelled with restricted cubic splines with 5 degrees of freedom
(df), and the time-varying effects with 3 df. Winsorizing was used to
improve model stability, where 96% of the age distribution was
modelled continuously while individuals outside the 2nd and 98th
percentile of age had their age reassigned to those percentile limits and
were assumed to have the same relative survival [13]. Due to the small
population size, leading to few deaths, a modelling approach was not
used for Iceland, instead Pohar Perme estimates [14] were calculated by
two age groups (18-69, >70 years), three calendar periods (1990-99,
2000-09, 2010-12) and sex. For comparison, non-parametric estimates
were obtained in the same way for the other countries.

Based on the models described, 5-year relative survival [15] was
estimated by sex for each calendar year and selected ages at diagnosis
[35, 45, 55, 65, 75, 85]. Age-standardised estimates of relative survival
were also obtained from the models, using regression standardization by
sex and calendar year of diagnosis [7], with an adapted version of the
International Cancer Survival Standard 2 (ICSS2) [16] weights (Ap-
pendix A.2). Similarly, age-standardised Pohar Perme estimates were
obtained for Iceland, using pre-weighting [17] in five calendar periods



F.E. Lundberg et al. European Journal of Cancer 202 (2024) 113980

30-39y 40-49y 50-59y 60-69y 70-79y
200 1 1 1 1 -

=80y

150 . . : . .
100 E
50 .

0_ <

Incidence/100,000 py

60-] E
50 .
40+ -
30+ E
20 .
10+ E
O_ -

Mortality/100,000 py

py

200 1
150 .
1004 1
501 B

0] =———

Incidence/100,000

60| E
50 .
40 1
30+ .
20 .
10+ .

0 m = . B .

Mortality/100,000 py

— 5 5% ———

S I I I P I SR e s S R R S
QQQQZQQPQQQ’QQQWQQ\UQ@' %‘bqp)@b QQ@QQ@QQ\GQ& %@QQQQQQQQ’QQ@QS‘UQ& q‘b@%&gb 5
NTNT Q7 97 Q77 NN QY 7 R R NN QY Y Y NN @

%
%
a
X
7‘9%

— Denmark — Finland Iceland — Norway — Sweden

Fig. 1. The incidence and mortality of cutaneous malignant melanoma per 100,000 inhabitants, the figures reveal the differences between the Nordic countries for

women (two top rows) and men (two bottom rows) and by time periods and age groups.

and by sex.

A period approach was used to obtain estimates for the latest cal-
endar years where long-term follow-up was not available [18]. For
Denmark, Norway and Sweden the period window was 2013-2017, for
Iceland 2012-2017 and for Finland 2013-2016. Flexible parametric
models as described above were fitted to the data in each country, with
the only difference being that calendar year of diagnosis was not
included in these models. Again, the Pohar Perme method was used for
Iceland.

From the models using a period approach, the crude probabilities of
all-cause death and death due to cancer at 5 years after diagnosis [19]
were estimated, along with the average loss in life expectancy (or
life-years lost) [20]. The number of life-years lost is an average based on
the full cohort. These measures were age-standardised and
reference-adjusted [21-23] (the average background mortality in the
Nordic countries was used rather than country-specific mortality rates),
to make the estimates comparable across countries. The crude proba-
bilities of death and the loss in life expectancy depend not only on the
excess mortality, but also the background mortality, which means that
any differences could be due to differences in excess mortality, back-
ground mortality or both. By the use of a reference background mor-
tality, i.e., reference-adjustment, differences observed are only due to
differences in excess mortality. Marginal estimates that are not
reference-adjusted, and not age-standardised were also obtained to get
observed values for each country. Age-specific estimates of life-years lost
were also estimated using the average background mortality in the
Nordic countries (reference-adjusted).

The analyses performed, and measures presented, are similar to

previous publications from the NORDCAN survival studies, and a more
detailed description of the interpretation of each measure can be found
there [2,24,25]. The analyses were performed in Stata (Stata Statistical
Software: Release 17. College Station, Texas: Stata Corp LLC), using the
commands stpp [26], stpm2 [8] and standsurv [27].

The study was approved by the Swedish Ethical Review Authority
(approval 2017/641-31/1, amendment 2019-01913) and the National
Institute of Health and Welfare in Finland (approval THL/870/5.05.00/
2014, amendment 2019).

3. Results

The study included more than 78,000 individuals diagnosed with
CMM in the Nordic countries during the years 1990-2016, descriptive
statistics of the cohort is presented in Table 1. There were more women
than men diagnosed with CMM in all countries (Denmark 54.8%, Ice-
land 60.0%, Norway 51.4%, Sweden 50.2%) except Finland (49.0%).
The mean age at diagnosis was lower in women than in men, ranging
from 50.0 (Iceland) to 61.4 (Finland) among women, and 58.7 (Iceland)
to 63.4 (Sweden) among men.

The incidence of CMM has increased in both women and men in all
age groups and all countries, with the possible exception of Iceland
where the interpretation of trends is hampered due to small numbers
(Figure 1). The mortality has not increased to the same extent, although
an increase can be observed in older age groups, especially among men.
Age-standardised incidence and mortality rates are presented in the
supplementary material (Figure A.1).

Since 1990, the 5-year relative survival has improved continuously
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Fig. 2. Trends in 5-year relative survival over time for women (top row) and men (bottom row) diagnosed with cutaneous malignant melanoma in the Nordic

countries, age-standardised and by age at diagnosis.

in all countries with a similar pattern across age groups (Figure 2,
Table A.3, Table A.4, Table A.5). For Iceland, the increase observed in
the non-parametric age-standardised 5-year relative survival was not
statistically significant (Table A.3). Survival improvements were
observed inboth women and men and across age, however with largest
improvement among men and for those diagnosed at older ages, where
the survival was lower in 1990 (Figure 2, Table A.5, Table A.6). The non-
parametric estimates by age groups for Iceland are presented in
Table A.6. To enable comparison, non-parametric estimates using the
same age groups and calendar years are included for the other countries
as well.

The period analysis gave age-standardised estimates of 5-year net
probability of death (1 minus 5-year relative survival) ranging from
5.3% (95% CI 4.4-6.1) in Norway to 7.3 (95% CI 6.3-8.2) in Denmark
for women, and for men from 9.1 in Sweden (95% CI 8.3-9.9) and
Denmark (95% CI 8.1-10.1) to 14.3 (95% CI 6.4-21.5) in Iceland
(Table 2). The age-standardised and reference adjusted 5-year crude
probability of death due to CMM ranged from 5.0% (95% CI 4.3-5.8) in
Denmark to 6.8% (95% CI 6.0-7.8) in women in Norway, and from 8.3%
(95% CI 7.6-9.1) in Sweden to 13.2% (95% CI 7.1-21.3) in Icelandic
men (Table 2). The loss in life expectancy among women was 2.0 years
(95% CI 1.5-2.5) in Denmark, 2.8 (95% CI 1.4-4.1) in Finland, 4.0 (95%
CI 2.8-5.1) in Norway and 2.3 (95% CI 1.8-2.8) in Sweden. Inmen the
loss in life expectancy was 3.3 years (95% CI 2.5-4.0) in Denmark, 3.6
(95% CI 2.3-4.7) in Finland, 4.6 (95% CI 3.5-5.6) in Norway and 3.1
(95% CI 2.5-3.7) in Sweden. Table A.7 shows marginal estimates for
each country that are not age-standardised and not reference-adjusted.

Figure 3 shows the 5-year relative survival and the loss in life ex-
pectancy in women and men across age at diagnosis, based on the period

analysis. The 5-year relative survival was above 95% in all countries in
women diagnosed before age 50, and the loss in life expectancy was less
than 5 years for all ages. In men the 5-year relative survival was slightly
lower than for women, and the difference increased with age at diag-
nosis. Norway and Finland had lower survival than the other countries,
especially among men. The loss in life expectancy was higher for
younger ages, since they have more years to lose. Both women and men
diagnosed at age 75-85 lost on average 1-2 years.

4. Discussion

In this population-based study we showed continuous improvements
in survival following CMM between 1990 and 2016, and improvements
were observed in both women and men and across age. The largest
improvements were observed in Denmark, where survival was initally
among the lowest in the Nordic countries. Similarly, larger improve-
ments were seen among men and in patients diagnosed at older ages,
groups with lower survival at the start of the study period and therefore
with most potential for improvement. A large improvement was also
seen in Norwegian men, attenuating but not eliminating the previous
survival disadvantage. At the end of the study period, the survival
among women was fairly constant up until age 65 at diagnosis, after
which it decreased with increasing age. A similar pattern was seen
among men, although declining survival was observed from an earlier
age.

A similar improvement has been observed in many European coun-
tries [28], and the 5-year net survival in melanoma diagnosed
2010-2014 exceeded 90% in 8 European countries included in the
CONCORD-3 study [29]. Improvement in survival can be ascribed to a
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Table 2

Period estimates of age-standardised and reference adjusted 5-year net and
crude probability of death and life-years lost, with 95% confidence intervals, for
patients diagnosed with cutaneous malignant melanoma in the Nordic countries.

Women Denmark Finland Iceland” Norway Sweden
5-year net 5.3 (4.4- 6.3 (5.1- 5.7 7.3 (6.3- 5.6 (5.0-
probability of 6.1) 7.4) (-0.1- 8.2) 6.3)
death, %" 11.8)
5-year crude
probability of
death, %
Cancer 5.0 (4.3- 5.8 (4.8- 5.8 (1.6- 6.8 (6.0- 5.2 (4.7-
5.8) 7.0) 13.9) 7.8) 5.9)
Other causes 5.4 (5.3- 5.6 (5.5- 4.1 (3.9- 5.4 (5.3- 5.6 (5.5-
5.5) 5.8) 4.2) 5.6) 5.7)
All-cause’ 10.4 (9.7- 11.4 9.9 (5.5- 12.3 10.8
11.1) (10.4- 18.1) (11.4- (10.3-
12.5) 13.1) 11.4)
Life-years lost® 2.0 (1.5- 2.8 (1.4- NA 4.0 (2.8- 2.3 (1.8-
2.5) 4.1) 5.1) 2.8)
Men Denmark Finland Iceland” Norway Sweden
5-year net 9.1 (8.1- 12.8 14.3(6.4- 127 9.1 (8.3-
probability of 10.1) (11.2- 21.5) (11.4- 9.9)
death, %" 14.3) 13.9)
5-year crude
probability of
death, %
Cancer 8.4 (7.5- 12.1 13.2(7.1- 120 8.3 (7.6-
9.4) (10.7- 21.3) (10.9- 9.1)
13.7) 13.2)
Other causes 7.1(7.0- 6.9 (6.7- 6.5 (6.2- 7.2(7.1- 7.5 (7.4-
7.3) 7.1) 6.8) 7.3) 7.6)
All-cause’ 15.5 19.0 19.7 19.2 15.8
(14.7- (17.6- (13.3- (18.1- (15.1-
16.4) 20.4) 28.1) 20.3) 16.5)
Life-years lost® 3.3 (2.5- 3.6 (2.3- NA 4.6 (3.5- 3.1 (2.5-
4.0) 4.7) 5.6) 3.7)

Period window 2013-2017 (2012-2017 for Iceland, 2013-2016 for Finland).
Estimates of crude probability of death and life-years lost based on average
background mortality in the Nordic countries (reference-adjusted measures).

b Jceland estimates obtained non-parametrically

¢ 5-year net probability of death is estimated as 1 minus 5-year relative
survival

4 All-cause is the sum of the crude probability of death due to cancer and other
causes

¢ Average number of life years lost due to cancer

multitude of factors: earlier diagnosis of CMM, likely to reflect increased
awareness both in the population and among healthcare providers,
improved organizational structure for diagnosis, treatment, and
follow-up, development of evidence based guidelines and quality of care
monitoring, improved surgical procedures with sentinel node biopsy,
cancer pathways with time limits for diagnosis and treatment, and
improved oncologic treatment [30,31]. Overdiagnosis can explain some
of the dramatic increase in incidence and to some extent also impact the
survival measures [32,33]. There have been public health strategies
introduced in the Nordic countries to reduce the incidence of melanoma
and improve survival. For instance, there are general awareness cam-
paigns in Finland organised by the Radiation and Nuclear Safety Au-
thority, the Cancer Society of Finland and the Finnish Meteorological
Institute, in Norway by The Norwegian Cancer Society and the Cancer
Registry of Norway, and in Sweden coordinated by the Swedish Safety
Authority. A sun protection campaign started in 2007 in Denmark by the
Danish Cancer Society and Tryg Fonden, and The Icelandic Cancer So-
ciety have had campaigns against sunbed use and for general caution in
the sun. Sunbed use legislation have also been introduced, and age re-
strictions are in place in Finland, Iceland, Norway, and Sweden.

The diagnosis of CMM in the clinical setting is demanding, and the
more tumors that are surgically excised for examination, the more pa-
tients will be diagnosed with cancer [34]. Another possible reason for

European Journal of Cancer 202 (2024) 113980

the improvements in survival is a shift in the distribution of histological
type. CMM includes several histologic subtypes, and the proportion of
the superficial spreading type, which in particular is associated with UV
exposition, has increased substantially, while the number of nodular
melanomas which is associated with faster growth and a dismal prog-
nosis seems more constant [26]. Unfortunately, information on histol-
ogy was not available for all countries and all calendar years, and we did
therefore not include histology in any analyses. Another factor for which
data was not available for all countries and calendar years was anatomic
site.

The most important tumor prognostic factor is tumor thickness and
thin tumors have been shown to account for an increasing proportion
over calendar time [35-38]. This stage shift could potentially explain
part of the survival improvements observed, however it is unlikely to
fully explain the observed improvement [39]. Since stage information
was only partly available, we were unable to assess stage-specific sur-
vival. No stage information was available for Finland and Iceland, and in
the other countries stage data was only partially available since 2004.
Future survival comparisons across the Nordic countries would benefit
from improved registration of TNM stage, and efforts should be taken to
increase the reporting of stage and to harmonize the collection and
reporting across the Nordic countries.

The introduction of modern systemic treatment with immuno-
therapy and targeted therapy for advanced (inoperable) melanoma has
improved the prognosis radically [40]. The European Medicines Agency
(EMA) approved the CTLA-4 checkpoint inhibitor ipilimumab in 2011,
and the PD-1 inhibitors nivolumab and pembrolizumab in 2015. The
BRAF inhibitor vemurafenib was approved for BRAF-mutated melanoma
in 2012, and additional BRAF and MEK inhibitors and combined therapy
have followed since. Approvals in the Nordic countries generally fol-
lowed shortly after, although Finland seems to have been somewhat
slower to implement the treatment [41]. Prior to approvals, some pa-
tients had been participating in the multinational clinical trials which
the approvals were based upon, with slight improvements in survival
noticed in patients treated with interleukin-2 and interferon already in
the years before the checkpoint inhibitors became available [42]. The
survival impact of modern oncologic melanoma treatment has been
prevalent from the latest periods in the current study; and the effect is
expected to be more pronounced in the period to follow.

A strength of our study is the use of population-based cancer registry
data from the NORDCAN database, covering a population of 27 million
inhabitants [7]. All the Nordic countries have cancer registries with a
long history and high quality [43], and similar tax-funded health care
systems. Using personal identity numbers given to permanent residents
in each country, follow-up information on deaths and migration has
been individually linked to the cancer registry data. The data are thus
generally comparable as demonstrated in previous joint Nordic studies
[2,3,24,25]. There are, however, some differences that could bias the
comparisons of survival between the countries. All countries except
Sweden include death certificate-initiated cancers [44], but the impact
on melanoma survival should be low. Other differences were that we
only had follow-up information up until 2016 in Finland and that we
lack information on migration in Iceland. Also, the small number of
cases, and particularly small number of deaths, made the Icelandic data
difficult to interpret. A weakness of the present study was the lack of
reliable and complete information on stage, precluding assessment of
trends in stage specific survival.

Within this study we have presented several survival metrics, that
provide different perspectives on the prognosis following a diagnosis of
CMM. The age-standardised and reference-adjusted measures are useful
for making fair direct comparisons since any differences in age distri-
bution or other-cause mortality rates between the countries have been
accounted for. On the other hand, these measures should not be inter-
preted as the observed average within each country. For completeness,
we have also presented the crude estimates for each country in the
supplementary material. One of the great advantages of the flexible
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Fig. 3. Period estimates of 5-year relative survival (top row) and reference-adjusted loss in life expectancy in years (bottom row) for patients diagnosed with
cutaneous malignant melanoma in the Nordic countries. Period window 2013-2017 (2012-2017 for Iceland, 2013-2016 for Finland). Reference-adjustment based on

average background mortality in the Nordic countries.

parametric models used in this study is the range of metrics that can be
presented. Previous studies have shown that the model is robust to the
number of knots used for modelling the baseline [45,46]. A potential
limitation is the extrapolation of the survival function that is required to
estimate the life-years lost. Although this has also shown to be robust for
many cancer sites [20], any measures that requires extrapolation should
be interpreted with caution.

5. Conclusion

Survival following a diagnosis of CMM has continuously improved in
the Nordic countries between 1990 and 2016 with improvements
observed both among women and men, and across age. The largest
improvements were observed in men in Denmark diagnosed at older
age, the group with the lowest survival at the start of the study period.
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