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Abstract

Background: Malignant skin melanoma (MSM) and non-melanoma skin cancer (NMSC) have imposed a significant health and economic burden 
globally. This study aims to explore the disease burden and temporal trends of MSM and NMSC to inform evidence-based prevention and control 
strategies.
Methods: Data were derived from the Global Burden of Diseases (GBD) database, covering deaths, disability-adjusted life years (DALYs), inci-
dence, and prevalence. Joinpoint regression, inequality analysis, decomposition analysis and age-period-cohort analysis identified trends and 
revealed the causes of burden changes from 1990 to 2021. Nordpred package in R projected the future trends of MSM and NMSC from 2022 to 
2044.
Results: From 1990 to 2021, global trends showed an increase in the number of deaths, DALYs, incidence, and prevalence for MSM, squamous 
cell carcinoma (SCC), and basal cell carcinoma (BCC). The disease burden was highest in high Socio-Demographic Index (SDI) regions, predomi-
nantly concentrated in New Zealand, Australia, and the United States. Among MSM, SCC and BCC, SCC experienced the most substantial increas-
es in age-standardized incidence (AAPC = 1.62 [95% CI: 1.51 to 1.73]) and prevalence (AAPC = 1.90 [95% CI: 1.78 to 2.02]). The primary drivers of 
changes in DALYs were identified as population aging and population growth. Persistent health inequalities continue to exist in the global burden 
of skin cancer. In the future, the deaths, DALYs, incidence, and prevalence cases of MSM and NMSC may continue to increase.
Conclusion: The disease burden associated with MSM and NMSC remains substantial. Primary prevention for the elderly should be given priority. 
In the prevention of skin cancer, particular attention should be directed toward SCC. Global medical resources should be appropriately tilted to-
wards skin cancer.
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Introduction

Skin cancer primarily includes malignant skin melanoma 
(MSM) and non-melanoma skin cancer (NMSC), the latter 
mainly comprising squamous cell carcinoma (SCC) and basal 
cell carcinoma (BCC) [1]. MSM originates from melanocytes, 
which function to produce melanin, thereby protecting the skin 
against ultraviolet radiation [2]. SCC mainly derives from epi-
dermal keratinocytes [3], while BCC originates from basal cells 
of the skin [4]. Once these cells become cancerous, the body 
may have pain and itching symptoms, and the psychology may 
produce anxiety and fear [5-7]. If skin cancer is not detected 
and treated early, it may metastasize and become life-threaten-
ing [8-9]. MSM and NMSC represent a significant public health 
challenge, imposing substantial burdens on healthcare sys-
tems worldwide [10]. Australia, New Zealand and the United 

States have the highest health system costs due to skin can-
cer [11]. In the United States, the overall estimated annual cost 
of skin cancer treatment was $8.9 billion between 2016 and 
2018 [12]. With changing lifestyles and a growing elderly popu-
lation, skin cancer is becoming an escalating threat across the 
globe [13]. Therefore, MSM and NMSC should be recognized 
as critical public health priorities.
Currently, studies have analyzed the burden of MSM and NMSC 
[14-18]. A study analyzed the burden of MSM and NMSC in the 
United States from 1990 to 2019 [14]. Two studies used the 
Global Burden of Diseases database (GBD) 2019 and Global 
Cancer 2022 (GLOBOCAN) databases respectively [15-16]. 
The GLOBOCAN 2022 database lacked DALYs indicators and 
had no data on the major subtypes of NMSC. The remaining 
studies either only focused on the elderly population or had 
incomplete indicators [17-18]. As a result, there is currently no 
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latest and comprehensive global burden evaluation of MSM 
and NMSC.
We utilized the latest GBD database of 2021 to depict the dis-
ease burden of MSM, SCC and BCC. Temporal trends of the 
three types of skin cancer were analyzed from multiple dimen-
sions. Decomposition analysis was employed to identify the 
factors contributing to disability-adjusted life years (DALYs). 
Socioeconomic health inequalities were compared, and future 
trends in disease burden were projected. Understanding the 
current disease burden and epidemiological trends is essential 
for the formulation of effective early prevention and control 
strategies.

Methods

Study Design and Population
The GBD 2021 database includes data on 371 diseases and 
injuries across multiple regions and countries. The study re-
trieved the estimates along with 95% uncertainty intervals (UI) 
for deaths, DALYs, incidence, and prevalence for MSM and 
NMSC. As deaths data for BCC were unavailable in the GBD 
2021 dataset, analyses of this indicator were excluded. The 
GBD database does not include deaths data for BCC, primarily 
due to its extremely low fatality rate and structural limitations 
in the global data collection system. The Socio-Demographic 
Index (SDI) measures the development of a country or region 
by assessing income levels, education levels and health status 
[19]. 

Statistical Analysis
To comprehensively understand the burden of MSM, SCC and 
BCC, we conducted a descriptive analysis. The number and 
age-standardized rates (ASR) of global deaths, DALYs, inci-
dence and prevalence were visually displayed [20-21]. We com-
pared the burden of MSM, SCC, and BCC in 2021. We utilized 
Joinpoint regression to investigate the change trend of three 
types of skin cancer [22-23]. The age-period-cohort model was 
employed to analyze the underlying trends in incidence among 
different ages, periods, and birth cohorts [24-25]. We conduct-
ed decomposition analysis on the potential factors driving the 
DALYs of MSM, SCC and BCC [26]. The distribution of health 
inequalities related to MSM, SCC, BCC burden across countries 
was evaluated [27]. To forecast the future burden of MSM, 
SCC, and BCC for the next 23 years, the Norpred package in R 
was used [28-29]. These methods were described in detail in 
Supplementary Methods. 

Results

Descriptive analysis of MSM and NMSC in 2021
From 1990 to 2021, the global burden of MSM, SCC, and BCC 
demonstrated a significant upward trend in the numbers of 
deaths, DALYs, incidence and prevalence (Figure S1). In 2021, 
MSM exhibited the highest age-standardized death rate (ASDR) 
(0.73 [95% UI, 0.65, 0.79]) and age-standardized DALYs rate 
(ASDALYs) (19.63 [95% UI, 17.25, 21.50]). BCC had the highest 
age-standardized incidence rate (ASIR) (51.71 [95% UI, 45.70, 
57.58]), while SCC presented the highest age-standardized 
prevalence rate (ASPR) (26.85 [95% UI, 22.77, 31.77]) (Tables 

S1-S3). The high SDI region had the highest ASR of deaths, DA-
LYs, incidence, and prevalence. (Figure S3). Among the 21 GBD 
regions, Western Europe exhibited the highest burden for MSM 
in numbers of deaths, DALYs, incidence and prevalence (Table 
S4). High-income North America had the highest incidence 
and prevalence of BCC (Table S5). East Asia had the highest 
numbers of deaths, DALYs and prevalence of SCC (Table S6). 
The ASRs for deaths, DALYs, incidence, and prevalence of 
the three types of skin cancer varied significantly between 
countries around the world. Specifically, New Zealand had the 
highest ASDR, ASDALYs, ASIR and ASPR for MSM, while the 
United States of America exhibited the highest ASIR and ASPR 
for SCC and BCC (Figure 1, Figure S2). In addition, the disease 
burden of skin cancer was mainly concentrated in older adults 
and males (Figure S4).

Trends in MSM and NMSC using joinpoint analysis
From 1990 to 2021, the trend in ASDR (AAPC = -0.48 [95% 
CI: -0.37 to -0.59]) and ASDALYs (AAPC = -0.71 [95% CI: -0.60 
to -0.82]) for MSM showed a decline (Table S7). Conversely, 
the ASIR and ASPR for MSM increased over time with AAPC 
values of 0.56 (95% CI: 0.33 to 0.79) and 0.87 (95% CI: 0.68 to 
1.06) (Table S7). For SCC, the AAPC values for ASDR, ASDA-
LYs, ASIR and ASPR were 0.14 (95% CI: 0.06 to 0.22), 0.06 (95% 
CI: 0.03 to 0.08), 1.62 (95% CI: 1.51 to 1.73) and 1.90 (95% CI: 
1.78 to 2.02), respectively (Table S7). The ASDR and ASDALYs 
of SCC showed a downward trend since 2015. During the peri-
od from 2000 to 2004, ASIR and ASPR of SCC had the fastest 
growth rates, where the annual percentage change values 
were 14.23 (95% CI: 13.75 to 14.71) and 14.66 (95% CI: 14.16 
to 15.16), respectively. From 2007 to 2021, the ASIR and ASPR 
of SCC remained at a relatively high level (Figure 2). The ASIR 
and ASPR of BCC were similar to that of SCC (Figure S5).

Age-period-cohort analysis of incidence in MSM and NMSC
The age effect curve shows that the risk of skin cancer in-
creases with aging (Figure 3, Figure S6-S7). Among the SDI 
regions, high SDI countries consistently demonstrated the 
highest incidence across all age groups, with male showing 
a higher incidence than female. Regarding period effects, the 
overall trend of SCC and BCC presented an upward tendency. 
Globally, the upward trends were more prominent among male 
than female. For MSM and SCC, the incidence increased glob-
ally between 1992 and 2011, but decreased between 2011 and 
2021 (Figure S6-S7). For MSM, the global cohort effects peak-
ed in the 1942 to 1951 birth cohort (Figure S6). Among post-
1952 birth cohorts, an improvement in the burden of MSM was 
only observed in high SDI regions. A significant gender-based 
difference in cohort effects between male and female was 
noted in high SDI regions for individuals born around 1945. For 
SCC and BCC, the birth cohort effects were on the rise overall, 
globally and five SDI regions, reaching a maximum in the 1992 
to 2001 birth cohort with no significant difference between 
male and female (Figure 3).

Decomposition analysis regarding DALYs in MSM and NMSC
From 1990 to 2021, there was a significant increase in DALYs 
for three types of skin cancer globally, with the largest in-
crease for MSM and BCC in high SDI regions and the largest 
increase for SCC in middle SDI regions (Figure 4). For the three 
types of skin cancer, the overall increase was larger in males 
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Figure 1. Age-standardized rates of deaths and DALYs attributed to MSM and SCC in 2021. (A, B) death. (C, D) DALYs. DALYs = disability-adjusted 
life years. MSM = malignant skin melanoma. SCC = squamous cell carcinoma.

than females. For MSM, the contribution of aging, population 
growth, and epidemiological changes to the global increase in 
DALYs was 36.23%, 112.88%, and -49.12%, respectively (Table 
S8). Population growth emerged as the most influential factor 
driving DALYs increases across all SDI regions, while epidemi-
ological changes had a negative impact, particularly in high 
SDI regions. For SCC, aging, population growth, and epidemi-
ological changes contributed 31.95%, 66.51%, and 1.54% to 
the global increase in DALYs, respectively (Table S8). In high 
and high-middle SDI regions, aging and population factors 
had nearly equal impacts on the rise in DALYs, while in other 
SDI regions, population growth played the dominant role. For 
BCC, aging, population growth and epidemiological changes 
contributed 21.72%, 43.58%, and 34.70% to the global increase 
in ASDALYs, respectively (Table S8). Notably, epidemiological 
changes had the largest impact on DALYs in high SDI regions, 
whereas population growth emerged as a critical determinant 
of DALYs in low SDI regions.

Cross-country inequality analysis regarding incidence in MSM 
and NMSC
The absolute inequality in the burden of the three types of skin 
cancer associated with SDI increased over time. A higher pro-
portion of incidence was observed in countries characterized 
by advanced socio-demographic development (Figure 5). In 
1990, the slope index of incidence for MSM stood at 3.06 (95 
%UI 2.34, 3.78) per 100,000 people, and it increased to 9.53 (95 
%UI 7.36, 11.70) in 2021, showing that the wealthiest country 
had an incidence rate approximately 9.53 per 100,000 indi-
viduals higher than the poorest country (Table S9). The slope 
index of SCC and BCC showed a similar growth trend to that of 

MSM, but the increase in BCC was more pronounced. 

Predictive analysis in MSM and NMSC until 2044
From 2022 to 2044, the incidence numbers for MSM, SCC and 
BCC were predicted to increase from 303,431, 1,928,413, and 
4,376,687 to 351,863, 3,429,869 and 7,362,321 (Table S10), 
with increase of approximately 15.96%, 77.86% and 68.22%, 
respectively. In recent years, the gap of number of deaths 
between SCC and MSM has been progressively narrowing. It 
is predicted that by 2025, the number of deaths attributable 
to SCC will surpass that of MSM. Over the next 23 years, the 
numbers of deaths and DALYs, and the prevalence for the three 
types of skin cancer will all increase (Figure 6, Figure S8). By 
2044, the ASR for deaths, DALYs, incidence, and prevalence of 
MSM will decline to 0.55 per 100,000 people, 14.79, 2.47, and 
17.03 respectively (Table S11). The changing trends of SCC 
and BCC were similar to those of MSM, but the declines were 
relatively slight (Figure 6, Figure S8).

Discussion

The study utilized the latest data to analyze the global trends 
of deaths, DALYs, incidence, and prevalence for the three types 
of skin cancer from 1990 to 2021. Globally, the numbers of 
deaths, DALYs, incidence and prevalence for the three types 
of skin cancer showed upward trends. The disease burden in 
Western Europe and High-income North America was relatively 
more severe. Males exhibited higher burden of the three types 
of skin cancer compared to females. Compared to previous 
similar studies, there are many new findings. (1) In 2021, MSM 

A
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Figure 2. Global temporal trends in ASDR, ASDALYs, ASIR, and ASPR attributed to MSM and SCC based on the joinpoint regression analysis 
(1990-2021). (A-D) MSM. (E-H) SCC. (A, E) ASDR. (B, F) ASDALYs. (C, G) ASIR. (D, H) ASPR. *Indicates that the annual percent change is signifi-
cantly different from zero at the alpha = 0.05 level.

exhibited the highest ASDR and ASDALYs. BCC had the high-
est ASIR, and SCC had the highest ASPR. (2) Among the three 
types of skin cancer, SCC displayed the most pronounced up-
ward trends in ASIR and ASPR from 2000 to 2004. (3) Age and 
birth cohort showed an upward trend of the three skin cancers 
with time. (4) Decomposition analysis showed that aging and 
population growth were the primary contributors to the in-

crease of DALYs. (5) The incidence rate was higher in high SDI 
countries, and the inequality intensified over time. (6) While the 
ASR for deaths, DALYs, incidence, and prevalence for the three 
types of skin cancer was expected to decline until 2044, the 
absolute number for these metrics was projected to rise. 
In 2021, MSM exhibited the highest ASDR and ASDALYs. BCC 
had the highest ASIR, while SCC showed the highest ASPR. 

A
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Figure 3. The age–period–cohort analysis of BCC in global and five SDI regions. (A) Longitudinal age curve. (B) Period rate ratio. (C) Cohort rate 
ratio.  

Although MSM accounted for only 3% of all skin cancers, its 
mortality accounts for 65% of all skin cancers [30]. MSM had 
the highest ASDR among the three types of skin cancer be-
cause it is a highly aggressive skin tumor. The global health 
system should establish a special scientific research fund for 

MSM, encourage global scientific research institutions to col-
laborate with medical institutions, to deeply explore the patho-
genesis and the patterns of invasion and metastasis, and ac-
celerate the research and development of innovative treatment 
technologies. The incidence of BCC and SCC was higher than 

A
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Figure 4. Changes in DALYs of MSM, SCC, BCC according to aging, population growth and epidemiological change from 1990 to 2021 at global 
level by SDI regions and sexes. The black dot denotes the overall value of the change resulting from all three components. For each component, 
the magnitude of a positive value suggests a corresponding increase in DALYs attributed to the component; the magnitude of a negative value 
suggests a corresponding decrease in DALYs attributed to the component. 

that of MSM. This result indicated that in the formulation of 
relevant health strategies, the prevention of NMSC should be 
placed in the primary position. 
Significant variations in the burden of the three types of skin 
cancer were observed across different countries and regions. 
While East Asia accounts for the highest absolute numbers of 
SCC deaths and DALYs globally, high-SDI regions exhibit the 
highest standardized rates of these outcomes. This may be re-
lated to the following reasons. First, the huge population base 
in East Asia directly increases the absolute number of SCC 
deaths and DALYs. Second, East Asia is experiencing rapid 
aging, with a large absolute number of elderly people, further 
magnifying the overall scale of SCC deaths and DALYs [31]. 
Third, the core purpose of age standardization is to eliminate 
the differences in age structure between different regions. The 
higher standardized rate in high SDI regions may be related to 
risk exposure factors in this region, such as longer ultraviolet 
(UV) exposure time and higher skin cancer screening rates [32]. 
In view of the differences of skin cancer in different regions, 
a dynamic resource allocation mechanism for skin cancer 
should be established. At the same time, efforts should be 
made to promote the sharing of medical resources, and nar-
row the gap in the diagnosis and treatment levels of skin can-
cer between regions through means such as telemedicine and 
expert rounds.
In 2021, gender-stratified analysis revealed that males bore a 
higher disease burden than females across three skin cancer 
types. It is important to clarify that the "male" and "female" cat-
egories referenced in this study align with the biological sex 
classifications defined by the GBD Study, reflecting inherent 
biological traits rather than social gender identities or gender 
roles. The observed sex differences in SCC burden are not 

attributable to essentialist notions of inherent vulnerability 
or resistance to the disease, but instead are mediated by key 
behavioral and occupational factors [33-34]. A study revealed 
that the ASDR of MSM among males was 30% higher than that 
among females [35]. This difference could be explained by the 
following perspectives. In some outdoor jobs, males constitute 
the majority of practitioners [36-37]. Differences in sunscreen 
use and attitudes to asymptomatic illness may explain the 
difference [38]. Therefore, all countries should make full use 
of this gender difference and formulate targeted prevention 
and intervention strategies. Regulations should be established 
to limit the working hours of outdoor workers in policies and 
build sun-protection areas for them.
Joinpoint regression method is a highly effective tool in data 
analysis and trend research. It divides the overall trend pre-
cisely into multiple distinct phases. We found that among the 
three types of skin cancer, the increasing trends in ASIR and 
ASPR of SCC and BCC were the most significant. In addition, 
the most rapid increase occurred between 2000 and 2004. The 
following reasons may account for this result. Skin detection 
technology has improved. With the development of optical 
technology, dermoscopy technology has gradually emerged 
[39]. Entering the 21st century, the integration of computer 
and imaging technology further facilitated the development of 
more efficient detection methods. Additionally, the increasing 
aging of the population has contributed to the rising burden of 
skin cancer, especially for SCC and BCC [40]. Since 2010, the 
ASIR and ASPR of the three types of skin cancer have shown 
a downward trend. This can be attributed to increased public 
awareness of sun protection. Primary prevention is the most 
effective measure for preventing skin cancer [41]. Therefore, 
it is necessary to formulate a national health education plan 

A
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Figure 5. Health inequality regression curves and concentration curves for the incidence of MSM, SCC and BCC worldwide, 1990 and 2021. (A, B) 
MSM. (C, D) SCC. (E, F) BCC. 

for skin cancer and carry out publicity of skin cancer preven-
tion knowledge. In Australia and the United States of America, 
preventive initiatives including sun protection education and 
increased use of sunscreen have been implemented [42].
We explored the trends of skin cancer across three temporal 
dimensions. The incidence rates of the three types of skin can-
cer increase with age, and the increasing speed became even 
faster starting from the age range of 50 to 60. With increasing 
age, the self-repair ability of the skin declines, and it is difficult 

to repair DNA damage in a timely manner after being damaged 
by carcinogenic factors [43-44]. The relative incidence risk 
trended upward, suggesting that later-born individuals faced 
higher risks. Consequently, effective preventive and manage-
ment measures need to be taken for people in this age group. 
For the elderly and newly born population, regular skin exam-
ination and screening programs should be strengthened. For 
these two groups, it is particularly important to promote the 
use of safe protective supplies.

A
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Figure 6. Trends in the number and age-standardized rates of deaths, DALYs, incidence, and prevalence attributed to MSM and SCC globally in the 
next 23 years (2022 - 2044). (A - D) MSM. (E - H) SCC. (A, E) deaths. (B, F) DALYs. (C, G) incidence. (D, H) prevalence. 

Cross-country inequality analysis revealed that the gap in 
health inequality between low and high SDI regions is expand-
ing. This growing inequality may be the result of economic un-
certainty and inadequate public health policies. This indicated 
that a transnational skin cancer research and monitoring net-
work should be established, where countries could share data, 

including incidence rates, risk factors, treatment strategies, 
and prognostic outcomes. Such a network would facilitate a 
deeper understanding of the evolving trends in inequality and 
provide a strong foundation for future intervention measures 
and optimal resource allocation.
While the ASDR, ASDALYs, ASIR, and ASPR for MSM and 

A
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NMSC were forecasted to decline, the absolute numbers for 
these four indicators were forecasted to rise. This distinction 
is not only essential for the accurate interpretation of epidemi-
ological indicators but also critical for effective public health 
messaging [45-46]. The decline in ASIR reflects the success 
of recent primary prevention efforts for SCC, including wide-
spread sun protection education, improved occupational UV 
exposure controls, and enhanced early detection initiatives—
demonstrating that disease risk at the population level has 
been substantially reduced. Nevertheless, the projected rise in 
absolute case numbers should not be interpreted as a failure 
of these interventions; instead, it is primarily driven by demo-
graphic dynamics such as population growth and aging, which 
increase the total number of susceptible individuals. The 
rise in numbers was attributable to alterations in population 
structures, lifestyle and living environments. Decomposition 
analysis showed that population growth and aging were the 
main causes of the increase in global DALYs for skin cancer. 
The process of global population ageing is accelerating con-
tinuously. The continuous increase in the global population 
and the acceleration of the aging process have formed the 
basic framework for the increase in the disease burden [47]. In 
addition, the popularity of sun-worshipping culture has led to 
a significant increase in the time spent on outdoor leisure ac-
tivities. Therefore, policymakers should seize the opportunity 
of changes in population structure and lifestyle to improve the 
healthcare system, consequently enhancing the efficiency and 
quality of medical services. 
Based on the analysis of the regional and population charac-
teristics of the disease burden of SCC, the research results can 
be translated into the following primary prevention levers, and 
differentiated strategies should be implemented in combina-
tion with the differences in resource endowments and disease 
drivers between high and low SDI regions. In high SDI regions, 
(1) Early-life photoprotection: Strengthen structured sun-pro-
tection policies and ensure early access to effective photopro-
tection; (2) Occupational UV exposure: Enforce UV-safety regu-
lations and improve protective measures for outdoor workers; 
(3) Older-adult screening: Expand routine skin examinations 
and promote early recognition of lesions; (4) SCC focus: Priori-
tize surveillance of high-risk groups and streamline diagnostic 
pathways. In low SDI regions, (1) Early-life photoprotection: 
Promote low-cost protective behaviors to maintain currently 
low exposure levels; (2) Occupational UV exposure: Provide 
basic UV-safety education and simple protective solutions for 
outdoor laborers; (3) Older-adult screening: Utilize opportunis-
tic screening and enhance lesion recognition in primary care; 
(4) SCC focus: Improve basic awareness and diagnostic ca-
pacity to prevent future burden increases.
Our study had the following limitations. First, regarding the 
inherent bias of secondary data, although the GBD 2021 data 
provided support for the integrated analysis of the global bur-
den of skin cancer, its core limitation lies in the heterogeneity 
of the data sources. Second, the underreporting of skin cancer 
cases in low-income and middle-income countries is driven by 
a combination of factors, including limited healthcare access, 
fragmented or underdeveloped tumor registry systems, and 
patient-level cognitive barriers. Third, due to the lack of internal 
data for each country, it is difficult to conduct a detailed analy-
sis of the internal trends within countries.

Conclusions

The disease burden of MSM and NMSC is substantial and is 
expected to increase in the coming years. The global health 
inequality in the disease burden of MSM and NMSC persists 
over time. Globally, there is a need to increase the allocation of 
medical resources for MSM and NMSC, particularly targeting 
the elderly population.
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