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Abstract 

Background  The level of premature deaths (deaths among those aged 30–69 years) caused by cancer is an impor‑
tant indicator of evaluating the level of cancer prevention and control. However, the current burden and temporal 
trends in cancer-related premature deaths, and their impact on life expectancy at the global, regional, and national 
levels are not clear.

Methods  Cancer mortality data for 185 countries were obtained from the GLOBOCAN 2022 database. High-
quality cancer mortality data and national population statistics for 47 countries were extracted from the United 
Nations and national cancer registry databases, covering the period 2003–2022. Countries were classified based 
on the human development index (HDI). The death probability, the year of life lost (YLL), and the potential gain in life 
expectancy (PGLE) attributable to premature deaths from site-specific and all-cancers combined were calculated.

Results  Globally, the probability of premature cancer deaths was 6.49% (95% UI 6.49–6.50). The YLLs caused by can‑
cer-related premature death were 163.86 million (95% UI 163.70–164.03), constituting 65.58% of the total cancer-
related YLLs. The PGLEs were 1.16 years (95% UI 1.16–1.16). The premature death probability increased with higher 
HDI levels in men, but decreased in women. Cancer-related premature deaths as a proportion of total cancer deaths 
varied from 18.31% (95% UI 18.20–18.43) in Japan to 84.44% (95% UI 76.10–91.16) in São Tomé and Príncipe. Lung 
cancer was the leading cause of cancer-related premature deaths in men, and breast cancer ranked first in women. 
By eradicating premature deaths attributable to lung, liver, colorectal, and stomach cancer in men, and to breast, 
cervical, and lung cancer in women, 0.55 years (95% UI 0.55–0.55) and 0.49 years (95% UI 0.49–0.49) of PGLEs could 
be achieved, accounting for 48.67% and 42.24% of the total PGLEs, respectively. Cancer-related premature deaths 
decreased significantly in 38 countries during 2003–2022 (P < 0.05). The probability of premature cancer-related 
deaths decreased by more than 15.50% from 2015 to 2022 in 16 countries.
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Conclusions  Cancer-related premature deaths declined in many countries, with 16 of them having achieved 
the expected reduction by 2022. The current burden of cancer-related premature deaths is profound but varies 
around the world. Eliminating premature deaths from major cancer types could substantially increase life expectancy, 
underscoring the importance of prevention and treatment efforts for these cancers.

Keywords  Cancer, Premature death, Death probability, Year of life lost (YLL), Potential gain in life expectancy (PGLE)

Background
While death in old age remains an inevitable aspect of 
life, premature mortality is defined within the global 
health context as deaths occurring before the age of 70 
[1]. It represents a preventable challenge whose mitiga-
tion holds significant potential to enhance health equity 
and advance human well-being [2]. This is a key indicator 
for evaluating the effectiveness of national healthcare sys-
tems, providing insight into the potential for extending 
healthy life expectancy through targeted interventions 
[3]. The World Health Organization (WHO) has identi-
fied reducing premature mortality from non-communi-
cable diseases (NCDs) as a critical objective under the 
sustainable development goals (SDGs), particularly SDG 
Target 3.4. This target emphasizes reducing about 1/3 of 
premature deaths from NCDs through prevention, treat-
ment, and the promotion of mental health and well-being 
by 2030. Achieving this target requires a comprehensive 
understanding of the current patterns associated with 
premature deaths across geographic and socioeconomic 
areas. Previous research provided a global analysis of all-
cause premature mortality [4]. Cancer is a major chronic 
disease that has also emerged as a prominent cause of 
premature deaths around the world [5], resulting in sub-
stantial economic losses for both families and society 
[6]. Consequently, research focusing on cancer-related 
premature mortality has the potential to provide deeper 
insights that can significantly enhance efforts aimed at 
preventing and controlling premature deaths.

Globally, cancer incidence and mortality rates con-
tinue to increase, driven by factors such as population 
aging, lifestyle changes, and environmental influences. 
According to GLOBOCAN 2022 estimates, there were 
approximately 20 million new cancer cases and 9.7 mil-
lion cancer deaths in 2022, with an estimated 11.6 million 
new cases and 4.9  million deaths occurring within the 
population aged 30−69 years [7]. While previous reports 
have addressed the estimation of cancer-related prema-
ture mortality [8, 9], there remains a scarcity of studies 
that provide a comprehensive estimation of the current 
landscape of cancer-related premature mortality profiles 
and their impact on life expectancy using the most up-to-
date global data.

In the present study, aimed at conducting a thor-
ough assessment of the global burden of cancer-related 

premature mortality, we calculated a range of indicators, 
namely death probability, the year of life lost (YLL), and 
potential gain in life expectancy (PGLE), using the most 
recent data sourced from GLOBOCAN 2022, encom-
passing 185 countries and 39 cancer types. To examine 
temporal trends, we also utilized high-quality mortal-
ity data for 47 countries spanning 2003 to 2022. These 
results may shed light on how disparities in accessibility 
to cancer treatment, implementation of cancer preven-
tion initiatives, and adoption of comprehensive public 
health policies across regions influence the overall bur-
den of cancer-related premature mortality.

Methods
Data sources
The data sources for this study were described in detail in 
the Additional file 1: Data sources. Cancer mortality data 
for 2022, stratified by country, sex, age group, and cancer 
site (Additional file 1: Table S1), were extracted from the 
GLOBOCAN 2022 database (https://​gco.​iarc.​who.​int/​
today/​en) [10]. This database, issued by the International 
Agency for Research on Cancer, uses the best available 
data sources to provide estimates of cancer incidence and 
mortality in 185 countries. The datasets for individual 
countries have undergone uniform quality control pro-
cedures, ensuring the validity and comparability of global 
cancer surveillance data.

For trend analysis, we obtained cancer mortality data 
(https://​platf​orm.​who.​int/​morta​lity) [11] and national 
population statistics (https://​popul​ation.​un.​org/​wpp/) 
from the United Nations database [12], covering the 
period 2003−2022. Mortality data for China during the 
same period were retrieved from the cancer registry 
datasets of China. After quality control, datasets from 47 
countries were included (Additional file 1: Data sources 
and Tables S2-S3).

The regional classification used in this study is from the 
United Nations. We obtained the country-level human 
development index (HDI) data from the United Nations 
Development Program (https://​hdr.​undp.​org/) [13]. In 
the Human Development Report 2022, HDI was divided 
into 4 categories: very high HDI (HDI ≥ 0.80), high HDI 
(HDI 0.70−0.79), medium HDI (HDI 0.55−0.70), and low 
HDI (HDI < 0.55). All data included in this study were 

https://gco.iarc.who.int/today/en
https://gco.iarc.who.int/today/en
https://platform.who.int/mortality
https://population.un.org/wpp/
https://hdr.undp.org/
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from secondary sources and did not involve human or 
animal case data, so ethical approval was not required.

Indicators
YLL is the most common indicator used to quantify the 
impact of premature deaths. It is calculated as the loss 
of life years caused by specific deaths occurring before 
reaching the expected lifespan. It can also be concep-
tualized as a comparison between the expected lifetime 
of a group of individuals with a specific disease and the 
expected lifetime of a group of individuals without that 
disease [14].

To demonstrate the significant impact of premature 
deaths on the overall health of the population, we calcu-
lated the PGLE in a hypothetical scenario in which these 
premature deaths could be completely prevented [15]. 
PGLE is a crucial indicator in formulating public health 
policies because it underscores the benefit of effective 
prevention and control of specific diseases in prolong-
ing the population’s life expectancy. It therefore provides 
vital insights to enable prioritization of public health 
interventions [16].

HDI is a composite statistic encompassing life expec-
tancy, educational attainment, and per capita gross 
domestic product. It is frequently used in global com-
parative analyses to gauge socioeconomic progress across 
nations and regions [17]. We stratified countries using 
the HDI to analyze the association between development 
levels and cancer outcomes. This stratification offers val-
uable insights into the estimated mortality burden across 
regions of diverse socioeconomic development levels.

Statistical analysis
The statistical analysis methods were described in detail 
in the Additional file  1: Methods for calculating indica-
tors and Table  S4. Cancer-related premature death was 
defined as death from cancer occurring between the ages 
of 30 and 69  years. The death count was recorded, and 
the age-standardized rate (ASR) was calculated using 
Segi’s world standard population. Corresponding indi-
cators for cancer-related premature death, such as death 
probability, YLL, and PGLE, were calculated within this 
age range.

The probability of cancer-related premature death was 
calculated using mortality tables. The YLL was estimated 
by multiplying the estimated number of cancer deaths 
and the corresponding standard life expectancy at that 
age by the United Nations figure for life expectancy in 
Japan used as the standard population [12]. The ASR of 
YLL was calculated using Segi’s world standard popula-
tion. We also calculated the proportion of YLL caused by 
cancer-related premature death as a proportion of total 
YLL from all cancer deaths.

We used PGLE as a key metric to evaluate hypotheti-
cal improvements in life expectancy if premature cancer 
deaths were eliminated. The PGLE was computed as the 
difference between the life expectancy after removing 
all cancer-related premature deaths and the baseline life 
expectancy. We also calculated the proportion of PGLE 
from cancer-related premature death relative to the total 
PGLE from all cancer deaths.

These indicators were analyzed by sex, region, coun-
try, and HDI level for 39 individual cancer sites and all 
cancers combined (International statistical classification 
of diseases and related health problems, 10th revision, 
code C00 to C97). The cancer classification was listed in 
Additional file 2: Table S1. The linear trend test of indica-
tors across different HDI levels using Student’s t-test with 
a linear regression model. The 95% uncertainty interval 
(UI) was calculated using a bootstrap simulation method 
with replicated 1000 times for each stratum, assuming 
that all causes of death and cancer deaths in the popula-
tion follow a Poisson distribution [18].

Joinpoint regression analysis was used to examine 
trends in the death probability, YLL, and PGLE attribut-
able to premature cancer death from 2003 to 2022. The 
average annual percent change (AAPC) and 95% con-
fidence interval (CI) were reported for each trend. We 
computed the reduction in probability of premature 
cancer-related death for 2022 compared with 2015 in 
each country by dividing the difference by the probability 
of 2015. If the 1/3 reduction target is to be achieved by 
2030 with a consistent rate of decline, a 17.23% reduction 
should have been attained by 2022 [1]. To accommodate 
flexibility in evaluation, we set the expected reduction 
threshold at 90% of this value, equivalent to 15.50% [9].

Statistical analyses were performed using SAS v9.4 
(SAS Institute Inc., Cary, NC, USA) and Joinpoint soft-
ware v4.6.0.0 (National Cancer Institute, Bethesda, MD, 
USA). P < 0.05 (two-tailed) was considered statistically 
significant.

Results
Global distribution patterns in 2022
In 2022, 4847.00 thousand (95% UI 4842.52–4851.63) 
individuals died prematurely from cancer, accounting 
for 49.80% of global cancer-related deaths (Table  1). 
Overall, 2683.36 thousand (95% UI 2679.60–2686.20) 
cancer-related premature deaths (55.36%) occurred 
among men, and 2163.64 thousand (95% UI 2161.21–
2166.91) (44.64%) among women. Globally, the prob-
ability of cancer-related premature death was 6.49% 
(95% UI 6.49–6.50), with 7.48% (95% UI 7.46–7.48) 
for men and 5.57% (95% UI 5.56–5.58) for women. 
Cancer-related premature death was responsible for 
163.86 million (95% UI 163.70–164.03) YLLs, and 
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65.58% of the YLLs were attributed to cancer across 
all age groups globally. This consisted of 88.37 million 
(95% UI 88.26–88.46) YLLs in men and 75.49  million 
(95% UI 75.39–75.61) in women, 64.36% and 67.08% of 
the total cancer-related YLLs, respectively. The global 
PGLEs associated with eliminating cancer-related pre-
mature death were 1.16 years (95% UI 1.16–1.16). This 
was higher for women (PGLE = 1.16, 95% UI 1.16–1.17) 
than men (PGLE = 1.13, 95% UI 1.13–1.13) (Table  1; 
Additional file 2: Table S1).

Regional variations in distribution patterns
On a global scale, the ASR for cancer-related premature 
deaths was higher in regions with very high [134.71/105 
(95% UI 134.46–134.91)] and high [138.69/105 (95% UI 
138.51–138.83)] HDI levels compared to regions with 
medium [124.64/105 (95% UI 124.43–124.84)] and low 
[128.59/105 (95% UI 128.15–128.94)] HDI levels. How-
ever, premature deaths as a proportion of total cancer 
deaths were higher in regions with medium [68.47% 
(95% UI 68.39–68.54)] and low [67.06% (95% UI 66.97–
67.18)] HDI levels compared to regions with very high 
[37.01% (95% UI 36.95–37.04)] and high [51.87% (95% UI 
51.82–51.92)] HDI levels. The direction of correlations 
between the HDI and cancer-related premature death 
indicators also varied between the sexes. For men, both 
the probability of cancer-related premature deaths and 
ASR of YLLs caused by cancer-related premature deaths 
were higher in regions with very high and high HDI lev-
els compared to regions with medium and low HDI lev-
els. Women showed the opposite patterns. The PGLEs 
increased with higher HDI levels in men (P < 0.05), 
but the trend was not statistically significant in women 
(Table 1).

On a regional scale, an approximately 2-fold variation 
was observed in the ASRs for cancer-related premature 
deaths across sub-regions. Eastern Europe had the high-
est ASR for cancer-related premature deaths [188.76/105 
(95% UI 188.15–189.41)], and Central America had the 
lowest [94.80/105 (95% UI 94.13–95.60)]. The varia-
tions in both the probability of cancer-related premature 
deaths and ASR of YLLs caused by cancer-related prema-
ture deaths across sub-regions followed a similar pattern. 
Eastern Europe had the highest values [9.09% (95% UI 
9.06–9.12) and 6248.92/105 (95% UI 6227.22–6270.13)], 
and Central America had the lowest [4.56% (95% UI 
4.53–4.60) and 3266.31/105 (95% UI 3235.37−3297.19)]. 
There was a 3.17-fold variation in PGLEs across sub-
regions. Micronesia & Polynesia had the highest PGLEs 
[2.00  years (95% UI 1.80–2.17)], and Western Africa 
had the lowest [0.63 years (95% UI 0.63–0.64)] (Table 1; 
Fig. 1).

On a national scale, there were more pronounced dis-
parities. The ASRs for cancer-related premature deaths 
ranged from 48.31/105 (95% UI 45.32−51.57) in Sierra 
Leone to 264.54/105 (95% UI 255.22−274.73) in Mongo-
lia. Cancer-related premature deaths as a proportion of 
total cancer deaths varied from 18.31% (95% UI 18.20–
18.43) in Japan to 84.44% (95% UI 76.10–91.16) in São 
Tomé and Príncipe (Additional file 2: Table S2). The dis-
tributions of the ASRs of YLLs and PGLEs due to cancer-
related premature deaths followed a comparable pattern. 
Sierra Leone had the lowest ASR of YLLs [1803.20/105 
(95% UI 1693.44−1917.40)] and PGLEs [0.28 years (95% 
UI 0.27–0.30)], Mongolia had the highest ASR of YLLs 
[8528.72/105 (95% UI 8217.52−8837.04)], and New Cal-
edonia registered the highest PGLEs [2.16 years (95% UI 
1.87–2.46)] (Additional file 2: Table S3; Fig. 1).

The distribution patterns by cancer site
On a global scale, the burden of premature deaths 
resulting from specific cancer sites differed by sex. 
Lung cancer emerged as the leading cause of cancer-
related premature deaths in men (YLL = 18,854.77 
thousand, 95% UI 18,806.30–18,902.94), contribut-
ing approximately 21.34% (95% UI 21.28–21.40) of the 
total YLLs. Liver cancer [12.79% (95% UI 12.75–12.84)] 
and colorectal cancer [8.23% (95% UI 8.19–8.27)] 
ranked second and third. For women, breast cancer 
was the leading cause of cancer-related premature 
deaths (YLL = 15,581.79 thousand, 95% UI 15,536.09–
15,633.70), accounting for 20.64% (95% UI 20.57–20.71) 
of the total YLLs, followed by cervical cancer [12.95% 
(95% UI 12.89–13.00)] and lung cancer [10.48% (95% 
UI 10.44–10.52)] (Fig. 2; Additional file 2: Tables S4 and 
S5).

The predominant cancer sites varied across regions 
with different HDI levels. Among men, lung [24.75% 
(95% UI 24.63–24.89)], colorectal [10.96% (95% UI 
10.88–11.04)], liver [8.22% (95% UI 8.15–8.29)] and pan-
creatic [7.41% (95% UI 7.35–7.47)] cancers were the lead-
ing causes of cancer-related premature deaths in very 
high HDI regions. In contrast, liver [11.82% (95% UI 
11.63–12.02)], prostate [8.29% (95% UI 8.15–8.42)], colo-
rectal [7.67% (95% UI 7.51–7.82)], and esophageal [7.12% 
(95% UI 6.98–7.27)] cancers were the leading causes in 
low HDI regions (Fig. 2; Additional file 2: Table S5).

Among women, breast [20.05% (95% UI 19.93–20.18)], 
lung [15.30% (95% UI 15.18–15.41)], colorectal [9.34% 
(95% UI 9.26–9.43)], and ovarian [6.54% (95% UI 6.47–
6.61)] cancers were the leading causes of cancer-related 
premature deaths in regions with a very high HDI level. 
Cervical cancer [6.10% (95% UI 6.03–6.18)] was only 
fifth in these regions. In high HDI regions, cervical can-
cer [11.27% (95% UI 11.19–11.35)] climbed to the third 
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position, following breast [17.85% (95% UI 17.74–17.95)] 
and lung [13.43% (95% UI 13.35–13.51)] cancers. In 
medium HDI regions, breast [22.21% (95% UI 22.06–
22.35)] and cervical [18.67% (95% UI 18.54–18.81)] can-
cer ranked first and second, and collectively accounted 
for over 40% of the total YLLs due to cancer-related 
premature deaths. In low HDI regions, this proportion 
increased to 48% (Fig. 2; Additional file 2: Table S5).

We reported the leading cause of YLLs due to can-
cer-related premature deaths, categorized by cancer 
site, for 185 countries. Among men, lung cancer ranked 
first in 97 countries (52.43%), liver cancer in 36 coun-
tries (19.46%), stomach cancer in 18 countries (9.73%), 
colorectal cancer in 11 countries (5.95%), esophageal 
cancer in 7 countries (3.78%) and prostate cancer in 6 
countries (3.24%). Kaposi’s sarcoma (KS) ranked first 
in 8 African countries (Botswana, Eswatini, Lesotho, 
Mozambique, Namibia, Uganda, Zambia, and Zimba-
bwe). Oral cancer ranked first in India and Pakistan. 
For women, breast cancer ranked first in 121 countries 
(65.41%), cervical cancer in 41 countries (22.16%), and 
lung cancer in 21 countries (11.35%). Esophageal cancer 
was the primary cause in Bangladesh, and liver cancer 
ranked first in Mongolia (Additional file 2: Table S6).

We estimated the PGLEs categorized by cancer sites. 
For men, we found that by eradicating the 4 leading 
causes (lung, liver, colorectal, and stomach cancer) of 
cancer-related premature deaths, we could achieve 
0.55 years (95% UI 0.55–0.55) of PGLEs, accounting for 
48.67% of the total PGLEs that would be gained by elim-
inating all cancer-related premature deaths. The most 
significant gain was observed in Micronesia & Polyne-
sia, where the PGLEs would increase by 1.10 years (95% 
UI 0.82–1.41), followed by Eastern Asia [1.07  years 
(95% UI 1.05–1.08)], Southern Europe [0.85 years (95% 
UI 0.84–0.86)], and Western Europe [0.78  years (95% 
UI 0.76–0.80)]. For women, eradicating the 3 leading 
causes (breast, cervical, and lung cancers) of cancer-
related premature deaths could give 0.49  years (95% 
UI 0.49–0.49) of PGLEs, accounting for 42.24% of the 
total PGLEs. Eradicating premature deaths caused by 
breast and cervical cancers alone could substantially 
increase life expectancy in Melanesia [0.69  years (95% 
UI 0.65–0.73)], Micronesia & Polynesia [0.69  years 
(95% UI 0.49–0.94)], and Eastern Africa [0.65  years 
(95% UI 0.64–0.65)] (Fig. 3; Additional file 2: Table S7). 
The country-level analysis showed that men in Mongo-
lia would gain the greatest increase in life expectancy 
from elimination of liver cancer-related premature 
deaths [0.96  years (95% UI 0.89–1.02)], and women in 
Malawi would experience the most significant improve-
ment by eradicating cervical cancer-related premature 

deaths [0.87  years (95% UI 0.84–0.90)] (Additional 
file 2: Table S8).

Twenty‑year trends at the country level
There were 47 countries with 20 years of cancer-related 
premature mortality data. The indicators for cancer-
related premature deaths all decreased significantly 
in 38 countries (P for AAPCs < 0.05). The Republic 
of Korea showed the fastest decline in the probabil-
ity of premature cancer deaths [-3.66% (95% CI - 3.72 
to - 3.60)], the ASR of YLLs [- 3.77% (95% CI - 3.84 
to - 3.71)], and the PGLEs [- 2.75% (95% CI - 3.17 to 
- 2.32)] (Fig.  4; Additional file  1: Table  S5). The prob-
ability of premature cancer deaths [0.58% (95% CI 
0.25−0.92)] and the ASR of YLLs [0.38% (95% CI 
0.09−0.67)] increased significantly only among men 
in Paraguay. The PGLEs increased significantly among 
women in both Costa Rica [0.42% (95% CI 0.08−0.76)] 
and Mauritius [0.78% (95% CI 0.41−1.15)] (Additional 
file 1: Tables S6-S7 and Figs. S1-S2).

The probability of premature cancer death in 2022 
compared with 2015 decreased by more than 15.50% 
in 16 countries: specifically, Canada (15.67%), France 
(15.75%), Norway (15.96%), Czech Republic (16.46%), 
China (16.77%), Poland (17.18%), Netherlands (17.69%), 
Israel (17.70%), Sweden (17.75%), Switzerland (19.59%), 
Luxembourg (19.73%), Denmark (19.74%), Estonia 
(20.27%), Malta (21.93%), Republic of Korea (22.54%) 
and Belgium (22.66%). When analyzed by sex, 26 coun-
tries achieved a reduction of more than 15.50% prema-
ture cancer death probabilities among men, but only 
12 among women (Additional file 1: Table S5 and Figs. 
S3-S5).

Discussion
This was a comprehensive study examining the probabil-
ity of premature death, YLLs, and PGLEs due to prema-
ture cancer deaths by world region, HDI level, sex, and 
cancer site. We found the probability of premature can-
cer deaths was 6.49%. Overall, 163.86 million years were 
lost to premature cancer deaths, and the PGLEs were 
1.16  years worldwide. In high HDI regions, lung and 
colorectal cancer were the top causes of premature death 
for men, with breast and lung cancer for women. In low 
HDI regions, liver cancer was the top cause of prema-
ture deaths among men, and breast and cervical cancer 
were the main types that led to premature deaths among 
women. Most countries with high-quality consecutive 
mortality data showed declining trends in cancer-related 
premature deaths, with 16 countries achieving substan-
tial reductions from 2015 to 2022. Using these indicators, 
we clarified the priorities for the prevention and control 
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of different cancers in specific regions based on the pub-
lic health impact of premature deaths.

Discussions about the definition of premature death 
have focused on age limitations. One approach defines 
premature death as occurring before the age of 70 years 
[1, 19]. Another considers it as death occurring before 
the approximate average age of death in a given country 
over the study period, which, for instance, is 75 years in 
some developed countries [20]. In this study, we con-
sidered premature deaths on a global scale. The world’s 
average life expectancy was 71.79 years in 2022, and the 
incidence of cancer before the age of 30  years is excep-
tionally low because of the biological nature of oncogen-
esis. More significantly, the WHO’s SDG Target 3.4 sets 
the age bracket for premature deaths at 30 to 69 years. To 
facilitate more accurate global comparisons, we therefore 
chose to define premature death as occurring within this 
same age range of 30−69 years.

The disparity in the disease spectrum and premature 
mortality among populations with varying socioeco-
nomic statuses has been extensively debated. The Global 
Burden of Disease data indicate that communicable, 
maternal, neonatal, and nutritional diseases constitute 
a substantial proportion of YLLs in many low-income 
countries. However, in high-income countries, NCDs, 
including cancer, are the foremost public health chal-
lenge[21]. A national cohort study in the USA reported 
a dose-response relationship between the cumulative 
number of unfavorable social determinants of health and 
elevated rates of premature all-cause mortality[20]. How-
ever, the distribution of cancer-related mortality burdens 
may have distinct patterns and may therefore warrant a 
dedicated and separate investigation.

In this current study, we calculated 6 indicators to 
provide a comprehensive portrayal of cancer-related 
premature death: 1) the number of deaths, represent-
ing the estimated actual count of fatalities; 2) the ASR 
of mortality, adjusting for population age structure; 3) 
the number of YLLs, which quantifies the life years lost 
due to cancer-related premature death within a specific 
population; 4) the ASR of YLLs, which standardizes 
the YLLs rate to account for differences in age distribu-
tion; 5) the probability of death; and 6) the PGLE upon 
eliminating targeted deaths, which is considered as a 
clear indicator of the impact of targeted deaths on pub-
lic health [22]. Regions with very high and high HDI lev-
els showed higher numbers of premature cancer deaths, 
elevated age-standardized mortality rates of cancer, and 
a greater proportion of premature deaths attributable to 
cancer compared with regions with relatively low HDI 
levels. This aligns with global observations derived from 
cancer surveillance data across the entire population [7]. 
However, premature cancer deaths as a proportion of all 

cancer deaths were higher in low HDI than in high HDI 
regions. This suggests that although the total number 
of cancer deaths in these regions was low, a larger pro-
portion of cancer deaths occurred at younger ages. We 
found comparable trends in YLLs across regions. We also 
found that PGLEs had a positive relationship with HDI 
levels. Regions with high concentrations of transitioned 
countries, such as Europe, Eastern Asia, and Australia 
& New Zealand, had higher PGLEs than other regions. 
This indicates that cancer-related premature deaths have 
a more pronounced impact on populations living in rela-
tively rich countries. This is because individuals in these 
nations are more likely to die of cancer than other dis-
eases. This discrepancy can be attributed to factors such 
as local disease detection, diagnosis capabilities, and 
competitive death risks, all of which are influenced by the 
local socioeconomic level. However, before undertaking 
any data comparisons across regions, it is crucial that we 
understand the influence exerted by socioeconomic sta-
tus on the quality of surveillance data. Specifically, transi-
tioning countries may allocate fewer resources to disease 
surveillance, compromising the quality of the data they 
generate. In contrast, data reported by transitioned coun-
tries are more likely to accurately mirror the true state of 
affairs. This discrepancy has the potential to distort the 
inherent correlation between the HDI and disease bur-
den, potentially giving rise to incorrect interpretations.

After stratifying by sex, we found that PGLEs were 
higher in women than men, both globally and in almost 
all regions with low HDI regions, including Africa, the 
Caribbean, Central America, South-Eastern Asia, and 
South-Central Asia. The opposite was true in high HDI 
regions, including Southern Europe, Western Europe, 
and Australia & New Zealand, although there were a 
few exceptions. These findings suggest that in resource-
limited regions, the potential benefits of preventing pre-
mature cancer-related deaths may be greater for women. 
Upon initial inspection, this result appeared somewhat 
perplexing, given that all previous studies have consist-
ently indicated a higher incidence and greater mortality 
rate among men than women [7, 23]. However, the vari-
ations in YLLs and PGLEs across regions and between 
sexes mirror the differences in the cancer spectrum, 
which in turn reflects the varying prevalence of cancer-
related risk factors across different populations. For 
instance, infection-related cancers are mostly seen in low 
HDI regions, whereas cancers associated with reproduc-
tive, dietary, and hormonal factors are mostly seen in 
high HDI regions [17]. However, liver and cervical can-
cers, two of the most significant infection-related can-
cers, tend to manifest at younger ages than other types of 
cancers [24, 25]. We therefore analyzed YLLs and PGLEs 
by cancer site in each region and found intriguing results.
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Fig. 1  The landscape of premature cancer death indicators in 2022 by region and country, both sexes. a Probability of premature cancer death. 
b The ASR of YLLs caused by cancer-related premature death. c The PGLEs resulting from the elimination of premature cancer death. Diamonds 
indicate the average of the indicator in each selected geographic region. Plus signs represent the estimated indicator in each selected country, 
with the name of the country representing the one with the lowest (left) or the highest (right) value within that geographic region. ASR 
age-standardized rate, PGLEs potential gains in life expectancy, YLLs years of life lost
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We found that breast cancer was the leading cause of 
premature cancer deaths in women, regardless of HDI 
levels. Globally, breast cancer is the most frequently diag-
nosed cancer and the primary cause of cancer-related 
deaths in women by 2022 [7]. In developed countries, 
breast cancer has shown both an increased incidence 
rate and a decrease in mortality rates. Conversely, tran-
sitioning countries show opposing trends, which can 
be attributed to a combination of shifting risk factors, 
improvements in screening efforts, and advancements 
in diagnostic and treatment technologies [26]. The inci-
dence of breast cancer in women demonstrates distinc-
tive age distribution patterns, characterized by an earlier 
onset and an inverted bell-shaped age curve that peaks 
between 45 and 65  years of age, with notable racial 

disparities [27–29]. This unique pattern distinguishes 
it from the distribution of other cancers, in which the 
incidence rates generally increase with age. Breast can-
cer incidence rates among younger females are highest 
in regions with very high HDI levels, whereas mortal-
ity rates peak in low and medium HDI regions [30]. In 
recent years, studies have also observed steeper increases 
in breast cancer incidence among young women across 
diverse populations [31–34], and younger patients tend 
to have higher breast cancer mortality [35]. All of this 
has resulted in breast cancer becoming the leading cause 
of cancer-related premature death in nearly all regions 
across the globe.

Cervical cancer is one of the most significant threats 
to women in low HDI regions, particularly in Africa. The 

Fig. 2  The proportions of years of life lost (YLLs) attributable to cancer-related premature deaths in 2022, by cancer site, region, and sex. CNS 
central nervous system, HDI human development index
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total YLLs due to cervical and breast cancers are more 
than half the overall YLLs in Eastern, Middle, and West-
ern Africa in women. Our results showed that preventing 
premature deaths from cervical cancer alone could result 
in an additional 0.2 to 0.4 life-years in Africa, account-
ing for approximately 30% of all cancer-related PGLEs 
in women in these regions. It indicates that in resource-
limited regions, significant public health benefits can 
therefore be achieved by prioritizing the allocation of 
resources to control cervical cancer. Fortunately, preven-
tion and control strategies for cervical cancer have been 
extensively discussed and proven to be effective at afford-
able costs [36]. The WHO launched the Cervical Cancer 
Elimination Initiative in 2020 [37], offering a clear path-
way for countries to reduce cervical cancer incidence and 
narrow international disparities associated with this dis-
ease. However, the most recent cancer statistics showed 

great disparities in premature deaths resulting from cer-
vical cancer, suggesting that there is still a long way to go 
to eliminate this disease globally.

Lung cancer is one of the leading causes of cancer-
related premature death in both men and women in high 
HDI regions. The disease burden of lung cancer is high 
in Eastern Asia, especially in China [7]. In recent years, 
China has witnessed a dramatic surge in the incidence 
rate of lung cancer, particularly among women, whereas 
mortality rates have declined for both sexes [38]. Prema-
ture lung cancer-related deaths are also the highest in 
women in this region. Potential risk factors for women 
include passive smoking [39], household air pollution 
from cooking and heating with solid fuels [40], and out-
door air pollution [41]. There are different risks for men, 
where smoking is the most prominent risk factor. Lung 
cancer screening using low-dose computed tomography 

Fig. 3  The potential gains in life expectancy (PGLEs) by eliminating premature cancer deaths in 2022, by cancer site, region, and sex. CNS central 
nervous system, HDI human development index
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has been shown to reduce lung cancer-specific mortal-
ity in several randomized controlled trials [42]. However, 
the primary target groups for these programs are heavy 
smokers, predominantly men [43]. Further research is 
required to ascertain their efficacy in preventing prema-
ture deaths among non-smoking women [44].

Liver cancer ranked first in men in low HDI regions, 
including Middle Africa, Northern Africa, Western 
Africa, South-Eastern Asia, and Melanesia. In these 
regions, hepatitis B virus (HBV) and hepatitis C virus 
(HCV) continue to be the most important risk factors for 
liver cancer, with the median age at diagnosis being nota-
bly younger than in developed countries [45]. Prevention 
is key to reducing liver cancer-related mortality, and the 
effect of HBV vaccination in newborns has already been 
observed in some countries [46]. However, a recent study 
found that the prevalence of HBV and HCV infection in 
patients with cirrhosis in Africa exceeded 50%, suggest-
ing that viral hepatitis was the primary cause of cirrhosis 
in these regions [47]. Our findings once again underscore 

the urgent need to implement preventive measures 
against liver cancer in Africa [48], including vaccination 
programs, strategies to halt maternal-to-child transmis-
sion, the provision of antiretroviral and antiviral treat-
ments, and the reduction of dietary exposure to aflatoxin 
[49].

The incidence of KS remains relatively low in the gen-
eral population, but it is disproportionately high among 
people living with human immunodeficiency virus (HIV) 
[50]. Previous global analyses have highlighted that KS-
related mortality is notably higher in sub-Saharan Africa 
[51]. Our study further revealed that the majority of 
these deaths occur prematurely, with children and young 
adults being the primary victims. This phenomenon was 
exclusively observed in African countries. The impact of 
KS on young and middle-aged workers exacerbates the 
decline in regional prosperity, thereby increasing the vul-
nerability to diseases across the entire population. On a 
positive note, this condition has become treatable thanks 
to the growing availability of antiretroviral therapy and 

Fig. 4  The average annual percent changes (AAPCs) for premature cancer death indicators from 2003 to 2022 by country, both sexes. a Probability 
of premature cancer-related death. b The ASR of YLLs caused by cancer-related premature death. c The PGLEs resulting from the elimination 
of premature cancer death. ASR age-standardized rate, PGLEs potential gains in life expectancy, YLLs years of life lost
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chemotherapy. In low-resource settings, pediatric KS 
can now be managed to enable long-term survival [52]. 
To address this significant challenge, active control of the 
HIV pandemic in affected regions and accelerated efforts 
to investigate and develop targeted treatments and vac-
cines against the KS-associated herpesvirus are impera-
tive [53].

To provide a more in-depth understanding of the 
evolving trend in the burden of cancer-related prema-
ture death, we included 47 countries for which consecu-
tive mortality data from 2003 to 2022 were available. The 
United Nations adopted SDG 3.4 to address the escalat-
ing burden of NCDs. This goal called for a reduction of 
one-third in premature mortality from NCDs by 2030. 
Cancer is a major NCD, and we therefore applied the 
same target to evaluate the effectiveness of current can-
cer prevention and control policies. We found significant 
declining trends in cancer-related premature deaths in 
most countries. However, only 16 countries had achieved 
substantial reductions in the probability of cancer-related 
premature deaths, suggesting that they might be able to 
meet the one-third reduction target outlined in SDG 3.4. 
These results were in line with a previous global study [9]. 
This study noted that SDG 3.4 was most likely not to be 
achieved by 2030 in cancers amenable to early detection, 
such as breast and colorectal cancer. This was in con-
trast to cancers with well-established primary prevention 
measures, such as liver and cervical cancer, especially in 
regions with a low HDI. This observation highlights the 
complexity and resource-intensive nature of cancer pre-
vention and control compared with other NCDs. How-
ever, countries like Japan, which have already achieved 
substantial reductions in premature cancer mortality in 
recent years, will have a significant challenge to further 
decrease the probability of premature death by one-third 
at the population level. These factors collectively suggest 
that applying uniform targets to evaluate cancer progress 
across countries with diverse cancer profiles may not be 
practical or feasible.

Strengths and limitations
In this study, we used the latest global cancer statistics 
to analyze YLL as a metric to quantify the health lost to 
cancer and PGLE as a metric to quantify the benefits of 
cancer prevention and control efforts, achieved through 
the elimination of premature cancer deaths. We also 
explored the evolving trends in the probability of cancer-
related premature death across selected countries. These 
results will provide useful evidence to inform and sup-
port policy-making.

This study had several limitations. First, the accuracy 
and comparability of estimates for YLLs and PGLEs 

depend heavily on the quality and quantity of cancer 
surveillance data and vital statistics available globally. 
The coverage and quality of cancer registry systems vary 
across countries, with notable deficiencies in high-quality 
data in regions such as South America and Africa. GLO-
BOCAN 2022 and the WHO mortality database are the 
most up-to-date and available sources of cancer mortal-
ity statistics derived from population-based monitoring 
data, and all the data included in these databases have 
met rigorous quality control standards [54]. However, it is 
important to bear in mind that the data contained within 
these databases are still subject to quality assessment and 
calibration, and this consideration should be taken into 
account when interpreting the results. Second, our focus 
was exclusively on premature cancer-related deaths. We 
did not consider the premature deaths attributed to other 
competing risks, and we were therefore unable to assess 
the impact of these competing risks on cancer mortal-
ity. Third, most of the 47 countries with consecutive 
mortality data have high HDI levels and have sufficient 
resources to collect cancer and vital surveillance data. 
The underrepresentation of countries with relatively low 
HDI levels limits our ability to conduct a global analysis 
of trends in cancer-related premature death.

Conclusions
We conducted this study to understand the patterns 
and trends in cancer-related premature deaths and their 
effect on population life expectancy on a global scale. 
We found that the current level of premature deaths 
attributable to cancer remains substantial and also has 
pronounced global disparities. Eliminating premature 
deaths from cancer, particularly from major cancer 
types, could substantially increase life expectancy. Many 
countries have seen declining trends in premature can-
cer mortality in recent years, but achieving the SDG 3.4 
goal by 2030 remains challenging. Our study offers sci-
entific evidence to help evaluate current cancer preven-
tion and control policies. Furthermore, it could present 
recommendations to guide and shape public health poli-
cies, enhancing cancer control initiatives and thereby 
safeguarding individuals during their most productive 
life stages across a multitude of regions and countries.
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