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Simple Summary

This study reports the first long-term national analysis of melanoma and non-melanoma
skin cancer (NMSC) mortality trends in Hungary between 1980 and 2020. It provides a
detailed comparison of mortality trends by sex and age group, with different epidemi-
ological trends for the two types of malignancies. Melanoma mortality demonstrated a
positive downwards trend starting in the mid-1990s, presumably indicating improvements
in early detection and treatment, whereas NMSC mortality remained a significant burden,
particularly among the elderly. These results underscore the different public health chal-
lenges posed by melanoma and NMSC and the need to include NMSC in routine mortality
surveillance and disease burden estimation to inform prevention and healthcare planning.

Abstract

Background: Long-term mortality trends for melanoma and non-melanoma skin cancer
(NMSC) in Hungary have not been comprehensively assessed. Methods: We conducted a
retrospective nationwide study of deaths registered in Hungary between 1980 and 2020
among individuals aged 35 years or older, where melanoma (ICD-10 C43) or NMSC (ICD-
10 C44) was recorded as the primary cause of death. Annual crude death rates (CDRs;
overall and age-specific 35–64 and ≥65 years) and age-standardised death rates (ASDRs) per
100,000 population were calculated by sex. Trends were analysed using Joinpoint regression.
Results: Overall, 18,857 skin cancer deaths, including 12,026 melanoma and 6831 NMSC
deaths, were identified. Melanoma mortality was consistently higher in men. Among
men, melanoma ASDR increased until 1994 and then stabilised, while crude mortality
among older men continued to increase. Among women, the ASDR of melanoma increased
until 1994 and subsequently declined. Crude mortality decreased after 2005 in women
aged 35–64 years. Although NMSC mortality was lower than melanoma mortality, NMSC
accounted for 36.2% of skin cancer deaths. In both sexes, NMSC mortality was concentrated
in adults ≥ 65 years. In older women, crude NMSC mortality increased again after the
mid-2000s, whereas ASDR remained broadly stable. Conclusions: Melanoma mortality
trends in Hungary partially stabilised or improved after the mid-1990s, particularly in
age-standardised analyses, but mortality remained high among older adults, especially
among men. NMSC represented a substantial proportion of skin cancer deaths, with the
burden concentrated in adults ≥ 65 years, supporting the inclusion of NMSC in routine
mortality surveillance and disease burden assessments.
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1. Introduction
Skin cancer poses significant pressure on healthcare. It can be divided primarily

into non-melanoma skin cancer (NMSC) and melanoma. NMSC, including basal cell
carcinoma (BCC), squamous cell carcinoma (SCC), among others, is the most diagnosed
cancer worldwide. However, many cancer registries often exclude NMSC or fail to report
BCC and SCC separately [1,2]. Urban et al. (2021) [3] reported, that incident cases globally
increased by 77.4% and 309.7% for BCC and SCC, respectively, between 1990 and 2017 [3].
In 2022, NMSC ranked third after lung and prostate/breast cancer in terms of the total
number of new cases diagnosed (744,792 cases in men and 489,803 cases in women). It
can be assumed that skin cancer mortality is often not accurately recorded since statistical
analyses exclude NMSC [4,5]. Nevertheless, despite NMSC being less fatal, owing to its
high incidence, more deaths are attributed to NMSC than to melanoma globally [6].

Melanoma ranked 21st globally in terms of cancer incidence and third in terms of
skin cancer incidence between 1990 and 2017 (160.4% increase) [3]. In 2022, 331,647 new
melanoma cases were reported globally, making it the 14th most common cancer, causing a
total of 206,839 deaths [7].

Urban et al. (2021) [3] reported a higher disability-adjusted life years (DALY) in the
less-researched central and eastern European regions for melanoma and NMSC. Melanoma
DALY rates were more than twice the global average DALY rate in these regions [3]. This
finding is not surprising since overall cancer mortality is 10% higher than the EU average
in this region [8].

Melanoma was among the top ten most frequently diagnosed cancers in Hungary,
which belongs to this region, in the past decade, and prompted research interest. Parrag
et al. (2022) reported an improvement in the melanoma survival rate from 2001 to 2019 [9].
This was also confirmed for the period 2011–2018 by Várnai et al. (2022) and for the period
2001–2018 by Gubán et al. (2025) [10,11]. Koczkodaj et al. (2023) [12] reported a decline
in mortality rates from 1960 to 2020, when public databases for the EU-27 were used. The
age-standardised melanoma mortality rate in Hungary was lower for men (11.2%) than for
women (30.0%) among individuals aged 75 years or older [12]. NMSC incidence increased
in both sexes from 2001 to 2015 [13]. Mortality trends in NMSC in Hungary have not been
studied recently.

We aimed to provide a nationwide assessment of skin cancer mortality in Hungary
from 1980 to 2020, on the basis of death certificates listing these cancers as the primary
cause of death (COD). To our knowledge, this is the first long-term study to examine trends
in the mortality of skin cancer patients in Hungary.

2. Methods
This retrospective study analysed melanoma and NMSC mortality in Hungary from

1980 to 2020. Furthermore, to mitigate the impact of the COVID-19 pandemic, we decided
to end the study period with the year 2020. We examined the temporal trends of the
crude death rates (CDRs) and age-standardised death rates (ASDRs) of patients with
melanoma and NMSC. The Hungarian Central Statistical Office (HCSO) provided mortality
data through its on-site research room. Access to the research room is subject to prior
authorisation (contract number: KSH/ADKI/658-5/2023).

Eligible cases were defined as those for which the primary COD was melanoma (ICD-
10 C43) or NMSC (ICD-10 C44). The HCSO provided anonymised, aggregated data by sex,
age (birth year), citizenship, or native language. The latter variables were used to exclude
non-eligible non-Hungarian citizens (N = 188). Age was grouped into bands from 35–44 to
85+. The number of individuals under 35 years of age was negligible.
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The HCSO provided the mortality data after harmonising the original records to
the ICD-10 coding system [14]. HCSO supplied the results of our analysis after data
protection, in accordance with the General Data Protection Regulation (GDPR) (Regulation
(EU) 2016/679). Patient identification was not possible. The data-protected tables were
suppressed if a cell contained fewer than two cases (values 1 or 2). HCSO released true
zeros. Melanoma cases had only 2 suppressed cells in the 35–44-year-old age group over
the 40-year period, and all other age groups were complete. Similarly, NMSC needed
suppression primarily in the 35–44-year-old group (N(men) = 24 and N(women) = 34).
Since this suppression was not random, the authors decided to use simple substitution
with a midpoint value of 1. To control for bias, sensitivity analysis was performed on the
ASDR calculations of the NMSC, using the alternative value of 2, as an upper bound. Since
zeros represented true zeros, we concluded that a sensitivity analysis with a value of zero
was not needed.

Because NMSC frequently occurs as a comorbidity in older patients and may not
be selected as the underlying COD, we assessed the validity of COD coding as follows:
mortality counts based on the underlying (primary) COD were compared with those
based on multiple COD records. Multiple COD data included all death certificates on
which melanoma or NMSC was recorded, irrespective of whether it was assigned as the
underlying COD. Absolute differences between primary and multiple COD counts were
calculated by age group and sex.

We calculated CDRs per 100,000 population for the entire country between 1980 and
2020, stratified by sex and using midyear population data from HCSO. We calculated the
annual CDR for individuals ≥ 35 years (hereafter referred to as the overall CDR) and for
the 35–64-year-old and 65 years or older populations to determine whether the trends
were consistent across these two age groups. We calculated the annual ASDR using direct
standardisation and 10-year age bands for a population of 100,000 population using the
European Standard Population (ESP 1976) [15]. All rates mentioned later in the text are
expressed per 100,000.

We performed a Joinpoint time trend analysis of the natural logarithms of CDR and
ASDR (version 5.0.2, National Cancer Institute at the National Institutes of Health, USA,
available at: https://surveillance.cancer.gov/joinpoint/, accessed on 13 April 2026). We
excluded women aged 35–64 with NMSC diagnosis from the model because the case
numbers were negligible in this age group (minimum 2, maximum 22). The Joinpoint trend
analysis estimates the annual percent change (APC) with 95% confidence intervals (CIs) by
a best-fit logarithmic linear model [16]. Joinpoint uses a modified/weighted form of the
Bayesian Information Criterion (BIC) during model selection, and an uncorrelated-error
model was chosen. The model allowed a maximum number of joinpoints (maximum 7).
The constant-variance (homoscedasticity) assumption was selected for the analysis, because
no substantial differences in variance across the study period were observed, although
some year-to-year variability remained. We interpreted only significant APCs in our
analysis. The default CI method in the Joinpoint software (version 5.0.2) is the empirical
quantile CI method, which may be less stable in years with small case numbers due to the
increased variability.

We obtained ethical approval from the Medical Research Council, case number
BM/21054-1/2023. The study was performed from June 2023 to February 2024.

3. Results
There were 18,857 skin cancer cases in Hungary between 1980 and 2020 among the

population aged 35 years or older. This included 6525 men and 5501 women with melanoma,
and 3451 men and 3380 women who died of NMSC.
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The mortality rates for melanoma were higher in men than in women (Supplementary
Table S1). Visual inspection of the trends revealed that the overall CDR of melanoma in
men increased until the mid-1990s (CDR = 6.51 in 1994), then stabilised until the early
2010s, and then increased again (CDR = 7.61 in 2015). The CDR in the 35–64-year-old age
group remained stable throughout the study period, whereas the CDR in the ≥65 age group
fluctuated but showed the most notable increase, from 7.30 to 17.13, between 1980 and 2020.
ASDR increased from 3.88 to 6.08 over the same period (Figure 1).

 

Figure 1. Mortality trends of crude and age-standardised death rates of melanoma in men, in Hungary
1980–2020. Abbreviations. CDR = crude death rate; ASDR = age-standardised death rate. All rates
are per 100,000.

Joinpoint analysis revealed that in the 35–64-year-old age group, the CDR signifi-
cantly increased until 1990 (APC = 3.06, 95% CI = 0.74, 13.71, p < 0.05). In the popula-
tion aged ≥65 years, an upwards trend was observed after 1987 (APC (1991–2020) = 1.26,
95% CI = 0.59, 1.83, p < 0.05). The increase in the ASDR was significant until 1995
(APC = 3.57, 95% CI = 2.32, 5.80, p < 0.05) (Table 1).

Table 1. Joinpoint analysis of melanoma mortality trends in Hungary, 1980–2020.

Men Women

Segment Years APC (%) 95% CI Segment Years APC (%) 95% CI

Crude rates—overall
1 1980–1991 3.52 −1.51 14.29 1 1980–1994 1.92 # 0.58 10.26
2 1991–2011 1.22 −7.51 9.07 2 1994–2020 −0.30 −3.53 0.22
3 2011–2020 −1.50 −11.36 5.08

35–64 years
1 1980–1990 3.06 # 0.74 13.71 1 1980–2005 0.55 −0.31 8.45
2 1990–2013 −0.15 −2.10 0.79 2 2005–2020 −2.26 # −13.66 −0.54
3 2013–2020 −5.72 # −15.51 −1.72

65 years old or above
1 1980–1987 −1.41 −12.20 2.77 1 1980–1988 5.02 # 1.09 22.36
2 1987–1991 18.81 # 8.18 31.00 2 1988–2020 −0.22 −1.78 0.28
3 1991–2020 1.26 0.59 1.83

ASDR
1 1980–1994 3.57 2.32 5.80 1 1980–1994 1.64 0.25 7.43
2 1994–2020 0.00 −0.69 0.50 2 1994–2020 −0.91 −2.70 −0.37

Abbreviations. APC = Annual Percent Change; ASDR = age-standardised death rate. All rates are per 100,000.
bold represents p < 0.05. # represents wide CI.
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In women, the overall CDR increased slightly. The CDR in the older group increased
from 6.15 to 8.66, and several years were above 10. The ASDR and CDR of the 35–64-year-
old population remained stable throughout our study period (Figure 2).

 

Figure 2. Mortality trends of crude and age-standardised death rates of melanoma in Hungary in
women, 1980–2020. Abbreviations. CDR = crude death rate; ASDR = age-standardised death rate. All
rates are per 100,000.

Joinpoint analysis revealed a modest increase in both the ASDR (APC = 1.64,
95% CI = 0.24, 7.43, p < 0.05) and overall CDR trends (APC = 1.92, 95% CI = 0.58, 10.26,
p < 0.05) until 1994. With respect to the ASDR trends, a slight downwards trend was ob-
served thereafter (APC = −0.91, 95% CI = −2.7, 0.37, p < 0.05). In the 35–64-year-old age
group, CDR decreased after 2005 (APC = −2.26%, 95% CI = −13.66, −0.54, p < 0.05), and
in the older population, the CDR increased until 1988 (APC = 5.02, 95% CI = 1.09, 22.36,
p < 0.05) (Table 1).

NMSC mortality indicators were lower in women and generally lower for NMSC than
for melanoma (Supplementary Table S2). The CDR in the younger age group for women
was half that for men, with an average of 1.06 for men compared with 0.50 for women, and
the ASDR for men was 1.5 times that for women (ASDR = 3.42 for men vs. 1.96 for women).

NMSC mortality trends in men showed that the overall CDR peaked between 1996
and 2000, reaching 4.33 in 1997. This aligned with the CDR of the older age group and
ASDR trends, which showed the same peak period. The CDR in men under 65 years of age
remained stable over this period. However, while the CDR in the ≥65 age group increased
from 9.38 to 12.27 between 1980 and 2020, the ASDR, despite plateauing in 1998, decreased
from 3.75 to 3.51 (Figure 3).

Joinpoint analysis revealed that the overall CDR and CDR in the ≥65 aged men, as
well as the ASDR, moved in the same direction. The overall CDR significantly increased
until 1998 (APC = 2.46, 95% CI = 1.22, 13.95, p < 0.05), and the CDR increased until 1997
(CDR above 65 years APC = 3.26, 95% CI = 1.68, 12.79, p < 0.05; and ASDR APC = 2.25,
95% CI = 0.69, 15.62, p < 0.05) (Table 2).
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Figure 3. Mortality trends of crude and age-standardised death rates of NMSC in men in Hungary,
1980–2020. Abbreviations. CDR = crude death rate; ASDR = age-standardised death rate. All rates
are per 100,000.

Table 2. Joinpoint analysis of NMSC mortality trends in Hungary, 1980–2020.

Men Women

Segment Years APC (%) 95% CI Segment Years APC (%) 95% CI

Crude rates—overall
1 1980–1998 2.46 # 1.23 13.95 1 1980–2001 2.38 1.59 3.49
2 1998–2020 0.09 −8.19 0.98 2 2001–2005 −10.79 −17.49 −3.11

3 2005–2020 2.73 1.48 4.94
35–64 years

1 1980–1999 4.88 3.07 7.82 1
2 1999–2020 −2.06 −4.28 −0.58 2

65 years or older
1 1980–1997 3.25 # 1.68 12.79 1 1980–1999 1.87 0.98 3.05
2 1997–2020 0.09 −5.01 1.06 2 1999–2006 −7.30 −16.80 −3.69

3 2006–2020 2.74 1.31 4.84
ASDR

1 1980–1997 2.25 # 0.69 15.62 1 1980–2001 1.65 0.79 2.98
2 1997–2020 −0.68 −9.36 0.27 2 2001–2005 −11.63 −18.75 −3.28

3 2005–2020 1.24 −0.15 4.58

Abbreviations. APC = Annual Percent Change; ASDR = age-standardised death rate. All rates are per 100,000.
bold represents p < 0.05. # represents wide CI.

NMSC mortality trends in women revealed that the overall CDR and CDR above
65 years increased slightly, with a peak period occurring between 1996 and 2001. ASDR
followed a similar pattern but generally decreased slightly over the 40-year span. The CDR
in the younger group remained well below 1; the crude rate increased from 0.25 to 0.72,
and occasionally rose above 1 (Figure 4).

Joinpoint trend analysis revealed a similar pattern in the overall CDR, CDR above
65 years, and ASDR: an increase until 1999 and 2001, respectively (overall CDR APC
(1980–2001) = 2.38, 95% CI = 1.59, 3.49, p < 0.05; CDR above 65 years APC (1980–1999) = 1.87,
95% CI = 0.98, 3.05, p < 0.05; ASDR APC (1980–2001) = 1.65, 95% CI = 0.79, 2.98,
p < 0.05). This was followed by a decline until the mid-2000s (overall CDR APC
(2001—2005) = −10.79, 95% CI = −17.49, −3.11, p < 0.05, CDR above 65 years APC
(1999–2006) = −7.3, 95% CI = −16.8, −3.69, p < 0.05, ASDR APC (2001–2005) = −11.63,
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95% CI = −18.75, −3.28, p < 0.05). Finally, an increase was observed until 2020, which was
significant only for the CDR trends (overall CDR APC (2005–2020) = 2.73, 95% CI = 1.48,
4.94, p < 0.05). The CDR above 65 years APC (2006–2020) = 2.74, 95% CI = 1.31, 4.84,
p < 0.05) (Table 2).

 

Figure 4. Mortality trends in crude and age-standardised death rates of NMSC in women in Hungary,
1980–2020. Abbreviations. CDR = crude death rate; ASDR = age-standardised death rate. All rates
are per 100,000.

Sensitivity analysis using the alternative value of 2 in the suppressed cells showed
that the differences from midpoint value substitutions were generally less than 2% with
occasional deviations greater than 3%. These differences had no effect on the observed
trends (Figure 5).
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Compared with underlying COD coding, multiple COD records identified a greater
number of deaths for both melanoma and NMSC across all age groups and in both sexes
(Supplementary Table S3). The discrepancy increased markedly with age and was sub-
stantially greater for NMSC than for melanoma. Overall, multiple COD coding identified
20.3% (603/2966) more melanoma-related deaths in men and 24.6% (563/2290) more in
women. For NMSC, the corresponding increases were 70.1% (1062/1516) for men and
96.9% (1336/1379) for women.

4. Discussion
In Hungary, melanoma mortality rates were substantially higher in men than in

women. NMSC mortality remained lower overall and displayed more moderate changes.
Age-specific CDRs provided additional context for the interpretation of ASDRs. With

respect to melanoma, the ASDR increased until 1994 in men and then stabilised. From
1987 to1990, there was a brief period with a sharp rise in the CDR of the older population;
however, this should be interpreted with caution due to its wide CI. The crude rates in
the older men steadily increased, whereas the CDR decreased in the younger age group.
These findings suggest that the burden of melanoma increased between 1980 and 2020,
whereas the underlying mortality risk remained largely stable, indicating that the observed
increase in burden was driven primarily by population ageing rather than by an increase in
age-specific mortality risk. In women, similar trends were observed. However, the older
age group did not show a significant trend in the CDR. These findings may indicate partial
improvements after the mid-1990s.

Similarly to melanoma, NMSC patterns suggest demographic ageing, reflected in the
high CDR of individuals older than 65 years, which is consistent with earlier findings [17].
The trends observed in both the ASDR, and the CDR of the older male population moved
simultaneously until 1997, which could be explained by cumulative lifetime exposure
effects. There is strong evidence that cumulative lifetime exposure is associated with the
incidence of NMSC but not with that of melanoma [18]. In women, mortality trends were
very similar to those in men until the mid-1990s. After 2006, the Joinpoint results showed
that crude rates in the older female age group increased moderately, and that the ASDR
remained stable. In the younger age group, the CDR tripled; however, it remained a rare
COD and it likely reflects changes in the age composition of the 35–64-year population.
Melanoma had higher mortality rates than NMSC, consistent with its poorer survival;
however, the healthcare burden also depends on absolute numbers. Because 36.2% of
skin cancer deaths were NMSC deaths, its mortality burden should not be neglected. Our
validity COD analysis indicated that NMSC was considerably more likely than melanoma
to be recorded as a contributing factor rather than as the underlying cause of death.

The central and eastern European regions rank first in the melanoma mortality table.
This region had a CDR of 3.3 for men and 3.0 for women, and an ASDR using the World
Standard Population (WSP 1960) of 2.1 for men and 1.4 for women in 2018 [19]. Our results
showed that the overall CDR and ASDR exceeded the regional rates in 2020, although
the results are not directly comparable because the analysis included different age groups
and used different standard populations. In the Globocan database, the ASDRs (using
WSP 1976) for the ages 35–85+ show that Hungary had an average rate within the region
in 2022 [20]. These findings are in line with the finding of Koczkodaj et al. (2023) [12],
who calculated the ASDR rates for individuals aged 45–75 years (5.6 in men and 3.0 in
women). Koczkodaj et al. (2023) reported a decrease in the ASDR of melanoma among
those aged 45–75 in Hungary from 1970 to 2020 [12]. Our earlier results using the HCSO’s
cause-specific mortality database indicated stabilisation in the ASDR (standardised by ESP
2013) in the 45–64-year-old and the older generations for the period 2001–2020, and here
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we reported that most of the increase occurred during the decade after the transition [21].
It must be acknowledged that using death certificates gave us a slight deviation in the
number of individuals who died of melanoma between 2001 and 2020 (5788 vs. 5917).

The literature concerning both the mortality and incidence of NMSC is scarce. Dai and
colleagues (2026), who studied temporal trends from 1990 to 2021, reported that the overall
ASDR for NMSC decreased from 1.59 to 0.67, corresponding to an annual APC (AAPC) of
−3.08 (95% CI = −3.32–2.83). Although methodologically not comparable, they estimated
the ASDR to be 1.45 in 1990 and 0.75 in Hungary (AAPC = −2.02 (−2.31–1.73)) [22].

The trends observed in the older age group could be explained by the marked demo-
graphic transition Hungary underwent between 1980 and 2020, which could have affected
the observed CDR trends. First, the population decreased by 9% over the study period. Sec-
ond, classical population ageing characterised this period. In 1980, 13.5% of the population
was older than 65 years; this percentage increased to 15.1% in 2001 and reached 19.8% in
2020 [23]. This translated into an extra half a million high-risk persons in 2020. Moreover,
life expectancy has improved. In men, it increased from 65.5 years to 72.2 years, and in
women, it increased from 72.7 years to 78.7 years [24].

Several hypotheses may explain the observed findings; however, the present dataset
does not provide evidence to directly evaluate or confirm the underlying mechanisms.
Therefore, the explanations in the next three paragraphs remain speculative.

Historically, Hungary faced worsening mortality rates during the transition period until
the mid-1990s, reflected in a decline in life expectancy at birth [25]. Overall cancer mortality
rates increased sharply after the 1990s and peaked in 1995. This phenomenon was referred
to as state socialist mortality syndrome, which particularly affected working-age men, aged
40 to 54 at that time, and could explain the disproportionate cohort effect in men [26].

In Hungary, oncological care has undergone significant improvements since 1990.
Manuals on oncology diagnostics and care were issued, the Institute of Oncology was es-
tablished in 1993, and the National Cancer Control Program was funded in 2000 [27]. After
the transition, tighter workforce regulation and enforcement came into effect, particularly
in the agricultural sector. Protective clothing is designed to minimise dermal exposure to
pesticides, with reduced solar exposure being an additional advantage. Despite improve-
ments in infrastructure, care, and diagnostics, Hungary remained affected by persistent
high cancer mortality and even exceeded the EU-27 average by 32% in 2021. The con-
tributing factors are often high alcohol and tobacco consumption, overweight status, late
diagnosis, and health inequality, especially those related to education level [28,29]. Since
1990, dermatology has undergone substantial privatisation [30]. This disproportionately
benefits those who can afford it, while shutting out the most vulnerable.

In relation to changes in exposure to ultraviolet radiation, sunbeds were introduced in
Hungary in the late 1980s. A significant historical change that likely affected UV exposure
trends was the opening of borders, which facilitated international travel. The emergence of
a new middle class was indeed able to afford foreign travel [31]. Both factors are crucial
risk elements because they involve short, intense bursts of ultraviolet radiation, known as
intermittent exposure, which has been associated with melanoma development [32,33].

Our study has several limitations. The analysed time series ends in 2020, which limits
the contemporary relevance of the findings. As the manuscript was prepared several years
later, changes in melanoma treatment patterns, demographic characteristics, healthcare
access, and clinical practice occurring after 2020 are not captured. Consequently, the
results may not fully reflect the current epidemiology and management of melanoma.
Our approach to suppressing small cell counts (1–2 deaths) in selected age groups (35–44
and 45–54) for the ASDR calculation introduced uncertainty into age-specific mortality
estimates. A sensitivity analysis revealed a minimal effect on the overall trends, but
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the true value remains unknown. Our decision to use the 1976 standard population to
account for differences in the age structure of the population might not accurately reflect
the age structure of the Hungarian population over the entire span of the study. The age
categories in the CDR are broad and may mask age-specific patterns. When a wide CI
was observed, interpretation must be approached with caution. Wide CIs are likely to
be due to high year-to-year variability and small underlying case numbers. Furthermore,
the Joinpoint analysis assumes a linear trendline, but in reality, the trend is often more
gradual [16]. It is also uncertain whether the coroner captured all the cases. Assuming
that the COD was ascertained based on previous diagnosis or postmortem examination,
diagnostic error remains negligible. This is due to diagnostic uncertainty rather than
diagnostic skills, according to Elder et al. (2023) [34]. Wéber et al. assessed the data quality
of incident cancer cases at the Hungarian National Cancer Institute and found that 54.8%
of melanoma cases and 80% of NMSC cases were morphologically verified, but only 0.1%
of reported incident cases were derived from death certificates only [35]. Finally, BCC and
SCC were not separately recorded, and the death rates of these subcategories could not be
estimated. Recent (yet unpublished) research indicated that BCC accounted for 75% of all
NMSC incident NMSC cases between 2000 and 2023 in Hungary [36]. Global estimates
show that SCC is responsible for the majority of NMSC deaths and its burden has been
underestimated [37,38].

A major strength of this research is its extensive study period, which enabled the
collection of a robust sample size. It also addresses NMSC mortality, which is often
overlooked in morbidity and mortality statistics. ASDR, together with age-specific CDR,
enhanced the interpretability of the overall trends. Lastly, it explicitly addresses the
methodological challenge posed by suppressed small cell counts (1–2 deaths) by applying
a transparent substitution approach, combined with sensitivity analyses.

5. Conclusions
We conclude that melanoma mortality trends showed partial stabilisation or im-

provement after the mid-1990s, particularly in terms of age-standardised rates. However,
mortality remained high and, in some cases, increased among older adults, especially
among men. The NMSC mortality burden was largely concentrated in the population aged
65 years or older, as shown by consistently higher crude mortality rates in this age group,
and a renewed increase among older women after the mid-2000s.

While melanoma has attracted much attention globally, including in Hungary, the
incidence of NMSC is often underreported both globally and in Hungary. Despite being the
most common cancer, its mortality is rarely studied [6]. We found that NMSC also placed a
burden on healthcare between 1980 and 2020. Overall, our research provides information
on overall skin cancer mortality rates and confirms that NMSC should be included in
statistics, especially for calculating disease burden.

The findings also point to the need for stronger prevention and early detection efforts,
particularly among adults aged 65 and older. Because skin cancer risk accumulates over
the life course, prevention should focus on increasing awareness of the harmful effects
of ultraviolet radiation, encouraging simple sun-protective habits (e.g., sunscreen use,
reducing midday sun exposure, and adequate clothing), and helping individuals recog-
nise suspicious skin changes. This could improve outcomes. We attempted to provide
explanations for the observed trends; however, further research is warranted.
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