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Abstract

IMPORTANCE Cancer prevention and care efforts have been challenged by the COVID-19 pandemic
and armed conflicts, resulting in a decline in the global Human Development Index (HDI), particularly
in low- and middle-income countries. These challenges and subsequent shifts in health care priorities
underscore the need to continuously monitor cancer outcome disparities and statistics globally to
ensure delivery of equitable and optimal cancer prevention and care in uncertain times.

OBJECTIVE To measure the global burden of 36 cancers in 2022 by sex, age, and geographic
location and to project future trends by 2050.

DESIGN, SETTING, AND PARTICIPANTS This cross-sectional study used population-based data
from 2022 in 185 countries and territories were obtained from the Global Cancer Observatory
database. Data extraction and analysis were carried out in April 2024.

MAIN OUTCOMES AND MEASURES Counts, rates, prevalence, mortality to incidence ratios (MIRS),
and demography-based projections were used to characterize current and future cancer burden.
RESULTS This population-based study included 36 cancer types from 185 countries and territories.
By 2050, 35.3 million cancer cases worldwide are expected, a 76.6% increase from the 2022
estimate of 20 million. Similarly, 18.5 million cancer deaths are projected by 2050, an 89.7% increase
from the 2022 estimate of 9.7 million. Cancer cases and deaths are projected to nearly triple in
low-HDI countries by 2050, compared to a moderate increase in very high-HDI countries (142.1% vs
41.7% for cancer cases and 146.1% vs 56.8% for cancer deaths). Males had a higher incidence and
greater number of deaths in 2022 than females, with this disparity projected to widen by up to 16.0%
in 2050. In 2022, the MIR for all cancers was 46.6%, with higher MIRs observed for pancreatic cancer
(89.4%), among males (51.7%), among those aged 75 years or older (64.3%), in low-HDI countries
(69.9%), and in the African region (67.2%).

CONCLUSIONS AND RELEVANCE |In this cross-sectional study based on data from 2022, cancer
disparities were evident across HDI, geographic regions, age, and sex, with further widening
projected by 2050. These findings suggest that strengthening access to and quality of health care,
including universal health insurance coverage, is key to providing evidence-based cancer prevention,
diagnostics, and care.
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Key Points

Question What were the global
disparities in cancer burden by cancer
type, sex, age, Human Development
Index (HDI), regions, and countries and
territories in 2022, and how are these
epidemiological patterns projected to
change by 2050?

Findings In this cross-sectional study of
data for 36 cancer types from 185
countries and territories, cancer
disparities were evident across HDI,
region, age, and sex in 2022 and are
projected to widen by 2050. Cancer
cases and deaths are expected to rise by
77% and 90% in 2050, respectively,
with a 3-fold increase in low-HDI
countries compared with a modest
increase in very high-HDI countries
(142% vs 42% for cancer cases and
146% vs 57% for cancer deaths).

Meaning These findings suggest that
enhancing health care systems for
cancer prevention, early diagnosis,
management, and treatment is vital to
better address existing disparities in
cancer outcomes and slow

projected trends.
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Introduction

Global cancer prevention and care efforts underwent major disruptions after 2020, driven by the
ongoing effects of the COVID-19 pandemic and further exacerbated by persistent armed conflicts,
changing health care funding priorities, and a cost-of-living crisis."? Between 2020 and 2022, the
global Human Development Index (HDI), a composite measure of critical human development
indicators such as life expectancy, education, and gross national income per capita, declined
substantially for 2 consecutive years.! The consequences of these ongoing disruptions may
disproportionately affect cancer care in certain regions and for individuals based on certain
sociodemographic characteristics such as sex and age, resulting in disparities that can be assessed
through the mortality to incidence ratio (MIR).3” The MIR, for which higher values indicate higher
case fatality and poor survival, has been used in the literature” and in government reports®° in
Australia® and the US® to assess cancer outcome equity.

Previous studies focused on the MIR were conducted using data collected prior to 202037 and
data on selected cancer types, such as lung,® liver,® and gastric cancer.>* As already noted, global
disruptions and shifts in health priorities'? underscore the need to continuously monitor cancer
statistics globally to ensure delivery of equitable and optimal cancer prevention and care in uncertain
times. To support evidence-based decision-making with respect to health care resource allocation,
we sought to analyze the MIR for 36 cancers and to assess disparities by geographic region, sex, and
age using the latest Global Cancer Observatory (GLOBOCAN) data released in 2024.'°"" In addition,
this study analyzed cancer rates, prevalence, and projections for 2050 by age, sex, and region,
providing a more comprehensive assessment of global cancer burden.

Methods

Data Sources

This cross-sectional study used population-based cancer data from GLOBOCAN 2022, curated by the
International Agency for Research on Cancer (IARC)."" The GLOBOCAN repository aggregates
publicly available global cancer-related data, encompassing data from each country or territory. At
the national level, GLOBOCAN estimates cancer cases, deaths, rates, and prevalence using
population-based administrative data sources such as cancer registries, civil and vital statistics
registration systems, or modeling, applying robust methodologies tailored to the specific context of
each country or territory."21#'> Thjs study followed the relevant portions of the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) reporting guideline. As the
GLOBOCAN project solely uses publicly accessible and secondary data, the IARC Ethics Committee
deemed that ethical approval was not required for this study.

Measures

This study included all cancer types available in the GLOBOCAN database, totaling 36 types. Specific
cancer types were identified by referencing International Statistical Classification of Diseases, Tenth
Revision diagnosis codes (eTable 1in Supplement 1).>® The dataset was further stratified by sex, age,
country or territory, region, and HDI."'2"® Age was grouped as 0 to 19, 20 to 39, 40 to 64, 65 to 74,
and 75 years or older based on importance for epidemiology, policy, public health, and clinical
practice.”"® In line with the 2022 United Nations Development Programme classification, HDI was
reported in 4 tiers (ie, low, medium, high, and very high).! Countries and territories were assigned to
10of 6 regions: Africa, Asia, Europe, Latin America and the Caribbean, North America, and Oceania.

Statistical Analysis

In this study, we report various measures of burden, including counts, rates, prevalence, and MIR.
Incidence and mortality rates were determined by dividing the number of cases and deaths,
respectively, in 2022 by the total population in the same year, with age-standardized incidence rates
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(ASIRs) and age-standardized mortality rates (ASMRs) calculated by adjusting their crude rates with
the Segi-Doll World Standard Population, as computed in 1966.112° To estimate the MIR, the ASMR
was divided by the ASIR and multiplied by 100 to obtain a percentage, with a higher MIR indicating
poorer survival after a cancer diagnosis.*2°' Cancer prevalence was calculated by dividing the
number of persons diagnosed with cancer and known to be alive in a specific period by the total
population during that period.'®" To project future cancer cases and deaths, demographic
projections were used, assuming that the 2022 cancer rates remain stable.>2223 Hence, the 2050
cancer estimates were generated by applying the 2022 standardized rates to the 2050 population
predicted by the United Nations Development Programme.' Further methodological details are
provided in the eMethods in Supplement 1.

Data analysis was carried out using R, version 4.3.1 (R Project for Statistical Computing), Excel
(Microsoft Corp), and the GLOBOCAN online tabulation and visualization tools (IARC). Data
extraction and analysis was carried out in April 2024.

Results

Cancer Counts, Rate, Prevalence, and Projections

This study assessed cancer burden disparity and projections for 36 cancers based on population-
based data from 185 countries and territories. By 2050, the total number of cancer cases is projected
to increase to 35.3 million, an increase of 76.6% from the 2022 estimate of 20 million (Table 1).
Similarly, cancer deaths are estimated to reach 18.5 million, an increase of 89.7% from the 2022
estimate of 9.7 million. In 2022, the prevalence of cancer was 178.9 cases per 100 000 persons
(Table 1). The 5-year period prevalence (2018-2022) was 678.6 cases per 100 000 persons (eTable 2
in Supplement 1). Breast cancer was the most prevalent cancer, accounting for 13.3% of patients with
cancer who were diagnosed and alive in 2022. The next most prevalent cancers were prostate,
colorectum, lung, and nonmelanoma skin cancer (eTable 3 in Supplement 1). In 2022, lung cancer was
the leading incident cancer (accounting for 12.4% of new cases) and cancer deaths (accounting for
18.7% of cancer deaths). In 2050, lung cancer is projected to be the leading cause of cancer
(accounting for 13.1% of new cases) and cancer deaths (accounting for 19.2% of cancer deaths). The
top 10 most prevalent cancers are presented in eTable 3 in Supplement 1.

Between 2022 and 2050, an upward trend in cancer cases and deaths for both males and
females is expected (Figure 1). However, a slightly higher increase in cancer cases (15.8% higher) and
deaths (8.0% higher) in 2050 is projected among males compared with females. Among males, 19.0
million cancer cases are anticipated in 2050, an increase of 84.3% from 10.3 million in 2022 (Table 1).
The projected number of cases among females in 2050 is 16.3 million, an increase of 68.5% from 9.7
million cases in 2022. Cancer deaths among males are projected to reach 10.5 million in 2050, a
93.2% increase from the 2022 estimate of 5.4 million. The projected number of deaths for females is
8.0 million, an 85.2% increase from the 2022 estimate of 4.3 million.

The 2022 ASIR and ASMR varied by HDI, with the ASIR more than twice as high in very high-HDI
countries (285.7 cases per 100 000 persons) compared with low-HDI countries (110.6 cases per
100 000 persons) (Table 2). The ASMR ranged from 73.1 deaths per 100 000 persons in
medium-HDI countries to 96.0 deaths per 100 000 persons in very high-HDI countries (Table 3). In
2050, a 3-fold increase in cancer cases is projected in low-HDI countries (increase of 142.1%)
compared with a projected increase of 41.7% in very high-HDI countries (Table 2). Cancer deaths in
low-HDI countries are expected to increase by 146.1% compared with an increase of 56.8% in very
high-HDI countries (Table 3).

In 2022, the global ASIR and ASMR per 100 000 persons were 196.9 cases and 91.7 deaths,
respectively, with variations observed across regions. The highest and lowest ASIRs were observed
in Oceania (409.0 cases per 100 000 persons) and Africa (132.3 cases per 100 000 persons),
respectively. The ASMR ranged from 106.3 deaths per 100 000 in Europe to 83.9 deaths per
100 000 in North America. In 2050, cancer cases and deaths are projected to increase in all regions,
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yet Africa is expected to have a more than 5-fold increase compared with Europe (the region with the
lowest increase): 139.4% vs 24.6% for cases (Table 2) and 146.7% vs 36.4% for deaths (Table 3).

Across 185 countries and territories globally, ASIRs were not uniformly distributed, ranging from
35.9 cases per 100 000 persons in Sierra Leone to 462.5 cases per 100 000 persons in Australia
(eFigure 1A and eTable 4 in Supplement 1). The highest and lowest ASMRs were in Mongolia (181.5
deaths per 100 000 persons) and Saudi Arabia and Qatar (46.2 deaths per 100 000 persons),
respectively (eFigure 1B and eTable 5 in Supplement 1). Between 2022 and 2050, cancer cases and
deaths are projected to increase in 181 of 185 countries and territories (97.8%), with decreases
expected in the remaining countries (eg, both cases and deaths are expected to decline in Moldova
and Serbia) (eTables 4 and 5 in Supplement 1). The prevalence of cancer per 100 000 persons in
2022 ranged from 18.4 cases in Niger to 711.0 cases in Australia (eTable 6 in Supplement 1). In about
half of countries and territories, increases greater than 2-fold in cancer cases (44.9%) and deaths
(56.8%) are expected, with the highest increase projected in Kuwait at 338.2% for cases and 544.4%
for deaths (eTables 4 and 5 in Supplement 1).

MIRin 2022

The global MIR in 2022 was 46.6%, with the highest MIR observed for pancreatic cancer (89.4%) and
the lowest for thyroid cancer (4.8%). Of the 36 cancer types studied, 8 (22.2%) had an MIR lower
than 30.0%, whereas the rest fell into 2 categories: those with an MIR ranging from 30.0% to 50.0%
(13 types [36.1%]) and those with an MIR exceeding 50.0% (14 types [38.9%]) (Table 1). The 5 cancer
types with the highest MIR were pancreatic, liver, esophageal, mesothelioma, and brain and central
nervous system cancers (eTable 3 in Supplement 1). The MIR was 10.4% higher in males than females
(51.7% vs 41.3%) (Table 1).

The MIR was higher in the extreme age groups: 38.3% among individuals aged 19 years or
younger and 64.3% among those 75 years or older, with the lowest MIR observed among the group
aged 20 to 39 years (28.2%). Across age groups, males had a slightly higher MIR than females, with
the largest gap observed among the groups aged 20 to 39 years (36.3% vs 24.0%) and 40 to 64
years (48.2% vs 35.4%) (Table 3).

There was an inverse association between MIR and HDI, with low-HDI countries experiencing an
MIR (69.9%) nearly double that of very high-HDI countries (33.6%). Africa recorded the highest MIR
at 67.2%, whereas Oceania had the lowest at 22.8% (Table 3).

Figure 1. Worldwide Projected Number of Cancer Cases and Deaths by Sex, 2022-2050
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A 4-fold difference in MIR was also seen across countries and territories, ranging from 18.3% in
Australia to 79.2% in the Republic of the Gambia. Of the 185 countries, 123 (66.5%) reported an MIR
greater than 50.0%, 48 countries (25.9%) had an MIR ranging between 30.0% and 50.0%, and 14
countries (7.6%) had an MIR below 30.0% (eTable 7 in Supplement 1). The countries with the highest
MIRs included the Republic of the Gambia, Niger, Somalia, Burkina Faso, and the Central African
Republic. Rwanda has an MIR of 71.4%, which was lower than 25 low-HDI countries (eTable 7 in
Supplement 1). Nearly three-fourths of countries and territories (136 [73.5%]) had an MIR higher than
the global MIR (Figure 2 and eFigure 2 and eTable 7 in Supplement 1). A quarter of countries and

Figure 2. Differences in Mortality to Incidence Ratios (MIRs) in Each Country or Territory of 2 Regions Compared With the Global MIR, 2022
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Data are presented for countries in Africa and Asia. Absolute MIR differences between each country or territory and the global values were calculated by subtracting the global MIR
from each country or territory value. The negative values are indicated below (lower than) the global values (46.6%).
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territories (47 [25.4%]) had MIR values of 1.5 to 1.7 (ratios of MIR), as high as the global value (eTable 7
in Supplement 1). All 54 countries and territories in Africa had an MIR higher than the global estimate
(Figure 2A), whereas 30 of the 40 European countries and territories (75.0%) exhibited an MIR lower
than the global MIR (eFigure 2B in Supplement 1).

Discussion

This study used population-based data from 185 countries and territories worldwide to describe the
epidemiology of 36 cancers in 2022 and projections for 2050. We observed variations in cancer
burden based on cancer type, sex, age, HDI, region, and specific countries and territories. A 3-fold
increase in incident cancer cases (142.1% increase) and deaths (146.1% increase) is projected in
low-HDI countries by 2050, compared with a 41.7% increase for cases and 56.8% for deaths in very
high-HDI countries, highlighting the growing divide in the global cancer burden. Cancer incidence
and mortality rates varied by region, with an increase expected in 181 of the 185 countries and
territories in this study (97.8%) from 2022 to 2050. Approximately half of these countries are
projected to see their cancer incidence and death rates double, with Kuwait experiencing the largest
increase in both incidence and death rates. In this study, lung cancer was the leading cancer in terms
of the number of incident cases and deaths, and it is expected to remain so by 2050, accounting for
over 10% of all cases and deaths. Higher MIRs, indicating lower survival rates, were noted for less
common and rare cancers such as mesothelioma, pancreatic, liver, and esophageal cancers. We
found that low- and medium-HDI countries had MIRs nearly double those of very high-HDI countries,
suggesting a gap in the availability of prevention, early detection, and optimal treatment services.
The MIR was found to be 10.4% higher in males than in females, with projections by 2050 indicating
a greater increase in cancer cases (15.8%) and deaths (8.0%) among males than females. Despite
incidence and mortality rate increasing with age, the MIR was higher in the extreme age groups (=19
or =75 years).

Cancer prevention and health promotion strategies play a vital role in mitigating the global
cancer burden by addressing modifiable risk factors such as tobacco use, alcohol use, overweight,
and exposure to carcinogens and UV radiation, alongside promoting healthy and balanced dietary
choices, physical activity, vaccination, and screening uptake.?*?” Strengthening the development
and implementation of tobacco and alcohol control measures (including taxation, advertising bans,
and smoke-free policies) and promoting access to and consumption of healthy diets rich in fruits,
vegetables, and whole grains while limiting processed foods and saturated fats have been shown to
reduce cancer risk.2*2” Expansion of community-based screening programs will be important for
prevention, early detection, and reduction of cancer-related morbidity and mortality.?*?” These
programs can be expanded through various options, including educational campaigns using diverse
platforms such as social media, print materials, and public workshops; scaling up trust and
satisfaction by disseminating culturally acceptable and multilingual screening information; ensuring
access by offering mobile screening options; and working closely with primary care providers for
timely referral and service provision. Moreover, working closely with local organizations, government
agencies, and advocacy groups to mobilize resources and shape policies that prioritize cancer
prevention and promotion is essential 242’

Expanding universal health insurance coverage and primary health care worldwide presents a
promising strategy to reduce disparities and improve cancer outcomes through leveraging efforts for
cancer prevention and providing basic cancer care options.282° However, there is a notable gap
regarding universal health insurance coverage and access to primary health care between low- and
high-HDI countries or within high-HDI countries, signaling the importance of sharing experiences
within countries to achieve better cancer outcomes.2%2° For example, Rwanda, a low-HDI country,
had a lower MIR compared with 25 low-HDI countries. This finding might be partially attributed to
Rwanda's more accessible universal health insurance coverage,?® and low-HDI countries could take
the lessons from Rwanda to improve their efforts to expand universal health insurance coverage.?®
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Among high-HDI countries, Australia had the lowest MIR in this study, which could be attributed to
its high ranking in health care system performance (measured by ensuring universal health insurance
coverage and access and equity in primary health care).® Hence, high-HDI countries could learn
from Australia's example in reducing cancer disparities.?®

Compared with high-HDI countries, low- and medium-HDI countries experienced higher MIRs
in this study, and disproportionately higher increases in cancer cases and deaths are projected. Many
factors could contribute to this, such as increased life expectancy and aging, which are
disproportionately affected by global emergencies and crises. Targeted cancer interventions could
also be affected due to experiencing a double burden of disease and the associated competing
priorities in resource allocation and cancer-targeted intervention.?”3%3! Low- and medium-HDI
countries were among those with their cancer services highly disrupted by the COVID-19 pandemic
and market crisis (including medical equipment) as a result of war, for example, in Ukraine, Yemen,
Somalia, and Ethiopia."*°32 Between 2020 and 2021, the decline in numerical values of HDI due to a
drop in HDI indicators within countries was approximately 2-fold greater in low- and medium-HDI
countries (60%) compared with high-HDI countries (30%), signaling the importance of
strengthening global efforts for pandemic preparedness and maintaining consistent cancer services.'
Promising and parallel reductions in common modifiable risk factors of cancer, such as smoking, also
have not been observed in low-HDI countries compared with high-HDI countries, highlighting poor
implementation of mass strategies.>' For instance, between 1990 and 2020, the worldwide smoking
rate declined by 40%.3" However, this decline was uneven, with low- and medium-HDI countries
experiencing a minimal decrease (<10%) or no reduction (eg, =50% continued smoking in Asia).>'
This finding underscores the importance of strengthening cancer prevention efforts in low- and
medium-HDI countries.?”!

Disparities by sex were observed in this study, with males having higher MIRs or cancer cases
and deaths than females in 2022, and the variations in cases and deaths are projected to further
widen by up to 15.8% in 2050. These disparities could be attributed to a complex interplay of factors.
For example, compared with females, males are less likely to engage in cancer prevention activities,
more likely to under use available screening and treatment options, and face a higher burden of
modifiable risk factors such as smoking and alcohol consumption. Biological differences may also
contribute.3"33 Although female-specific cancer screening programs, such as for breast and cervical
cancer, have benefited females, there is a crucial lack of comparable programs for male-specific
cancers such as prostate and testicular cancer.>3 Furthermore, males participate less frequently in
shared screening programs such as those for colorectal cancer.3* Males also have higher occupational
exposure to carcinogens as well as a higher smoking rate than females (32.6% vs 6.5% in 2020)."3*

Higher incidence rates of cancer in high-HDI countries could be attributed to several
interrelated factors, such as aging, sedentary behavior, consumption of highly processed foods, and
high diagnostic rates.>>3® Although rates of smoking and alcohol consumption declined between
1990 and 2020, their previous exposure could lead to higher cancer cases.>">® In this study, the
observed higher MIR (indicative of better survival) among high-HDI countries, despite their high

incidence rates, could be attributed to their advanced health care infrastructure.?4?’

Limitations

This study had some limitations, such as the quality of the GLOBOCAN data, including the potential
cancer surveillance disruptions during COVID-19, that may influence the study's estimates. This is
particularly important for low- and middle-income countries with less robust cancer registries and
civil registration systems.'*'> However, GLOBOCAN used various estimation strategies, including
leveraging national data or modeling based on neighboring countries, to enhance the accuracy of
estimates where possible.’? It is important to note that the current study's findings align with prior
population-based global research.>”-38 Notably, the quality and coverage of cancer registry data
sources have been improving over time, and continued efforts toward their expansion and

maintenance are crucial for generating precise cancer outcome estimates worldwide.™->°
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Conclusions

In this cross-sectional study based on GLOBOCAN data from 2022, disparities were observed by HDI,
region, cancer type, age, and sex, with inequities estimated to further widen by 2050. A higher MIR
was observed for rare and less common cancer types, among males, by age group (=19 or =75
years), and for low- and medium-HDI countries or territories. On the basis of these findings, cancer
cases and deaths are projected to nearly triple in low-income countries by 2050 compared to a
moderate increase in high-income countries (142.1% vs 41.7% for cancer cases and 146.1% vs 56.8%
for cancer deaths). Greater increases in cancer cases (15.8%) and deaths (8.0%) are projected among
males compared with females. Strengthening health care access and quality, including universal
health insurance coverage, and health care systems in the prevention, early diagnosis, management,
and treatment of cancer will be paramount for improving clinical outcomes and slowing

projected trends.
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