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IMPORTANCE The Global Burden of Diseases, Injuries, and Risk Factors Study 2019
(GBD 2019) provided systematic estimates of incidence, morbidity, and mortality to inform
local and international efforts toward reducing cancer burden.

OBJECTIVE To estimate cancer burden and trends globally for 204 countries and territories
and by Sociodemographic Index (SDI) quintiles from 2010 to 2019.

EVIDENCE REVIEW The GBD 2019 estimation methods were used to describe cancer
incidence, mortality, years lived with disability, years of life lost, and disability-adjusted life
years (DALYs) in 2019 and over the past decade. Estimates are also provided by quintiles of
the SDI, a composite measure of educational attainment, income per capita, and total fertility
rate for those younger than 25 years. Estimates include 95% uncertainty intervals (UIs).

FINDINGS In 2019, there were an estimated 23.6 million (95% UI, 22.2-24.9 million) new
cancer cases (17.2 million when excluding nonmelanoma skin cancer) and 10.0 million
(95% UI, 9.36-10.6 million) cancer deaths globally, with an estimated 250 million (235-264
million) DALYs due to cancer. Since 2010, these represented a 26.3% (95% UI, 20.3%-32.3%)
increase in new cases, a 20.9% (95% UI, 14.2%-27.6%) increase in deaths, and a 16.0%
(95% UI, 9.3%-22.8%) increase in DALYs. Among 22 groups of diseases and injuries in the
GBD 2019 study, cancer was second only to cardiovascular diseases for the number of deaths,
years of life lost, and DALYs globally in 2019. Cancer burden differed across SDI quintiles.
The proportion of years lived with disability that contributed to DALYs increased with SDI,
ranging from 1.4% (1.1%-1.8%) in the low SDI quintile to 5.7% (4.2%-7.1%) in the high SDI
quintile. While the high SDI quintile had the highest number of new cases in 2019, the middle
SDI quintile had the highest number of cancer deaths and DALYs. From 2010 to 2019,
the largest percentage increase in the numbers of cases and deaths occurred in the low
and low-middle SDI quintiles.

CONCLUSIONS AND RELEVANCE The results of this systematic analysis suggest that the global
burden of cancer is substantial and growing, with burden differing by SDI. These results
provide comprehensive and comparable estimates that can potentially inform efforts toward
equitable cancer control around the world.
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C ancers are a major contributor to disease burden
worldwide, and projections forecast that global can-
cer burden will continue to grow for at least the next 2

decades.1-4 The United Nations (UN) Sustainable Develop-
ment Goals (SDGs) recognize the need for reducing cancer bur-
den as part of target 3.4, stating “By 2030, reduce by one third
premature mortality from noncommunicable diseases [NCDs]
through prevention and treatment and promote mental health
and well-being.”5 Most countries will need to accelerate their
efforts to reduce NCD burden, including cancer, to meet this
SDG target.6,7 Increasing the pace of progress will be particu-
larly critical given the ongoing COVID-19 pandemic, which has
led to delays and disruptions in cancer screenings, diagnosis,
and treatment around the world.8-12

The importance of prevention and control of NCDs, in-
cluding cancer, was emphasized by the third UN High-Level
Meeting on NCDs in 201813 and the UN High-Level Meeting on
Universal Health Coverage in 2019.14,15 World Health Organi-
zation initiatives that are focused on breast cancer,16 cervical
cancer,17 and childhood cancer18 are valuable efforts toward
reducing global cancer burden in combination with national-
level cancer control planning and implementation. Global
and local efforts require comprehensive assessments of can-
cer burden, information that may be sparse or unavailable in
some countries.19

The Global Burden of Diseases (GBD), Injuries, and Risk
Factors Study 2019 (GBD 2019) framework enables the com-
parable assessment of cancer burden across locations and time
in terms of cancer incidence, mortality, years of life lost (YLLs),
years lived with disability (YLDs), and disability-adjusted life
years (DALYs).20 Estimates of YLLs, YLDs, and DALYs comple-
ment incidence and mortality estimates by incorporating mor-
bidity and mortality contributions to total cancer burden
over the lifetime. Because GBD 2019 estimated disease bur-
den across a mutually exclusive and collectively exhaustive hi-
erarchy of diseases and injuries, cancer burden can also be
systematically compared with and ranked against other causes
of disease burden. Together, these qualities help GBD 2019
provide a comprehensive picture of variation in cancer bur-
den that can potentially inform cancer control planning.

In this article, we present results for 29 cancer groups
from the GBD 2019 study, globally and for 204 countries and
territories, from 2010 through 2019. Results are also pro-
vided by quintiles of the Sociodemographic Index (SDI), a sum-
mary indicator of social and economic development that al-
lows for analyses of disease burden patterns across different
resource contexts.20,21 These estimates update results from the
GBD 2017 study22 and supersede published estimates from pre-
vious GBD iterations.22-25

Methods
This section provides an overview of GBD 2019 cancer esti-
mation methods. Additional detail is provided in the GBD 2019
summary publications,20,21,26 as well as in the eAppendix, eFig-
ures 1 to 15, and eTables 1 to 18 in the Supplement. This study
is compliant with the Guidelines for Accurate and Transpar-

ent Health Estimates Reporting (GATHER) statement (eTable 13
in the Supplement).27 The University of Washington institu-
tional review board committee approved GBD 2019, and in-
formed consent was waived because of the use of deidenti-
fied data. This article was produced as part of the GBD
Collaborator Network and in accordance with the GBD Proto-
col (http://www.healthdata.org/gbd/about/protocol).

Study Design
Disease and injuries in GBD 2019 were organized into a com-
prehensive hierarchy of nested levels, with neoplasms as 1 of
22 level 2 groups.20 Cancers were classified into 30 level 3 can-
cer groups (eg, leukemia), 4 of which were further subdi-
vided into level 4 groups (eg, chronic myeloid leukemia). While
the GBD study estimates benign and in situ neoplasms as an
important component of total health burden from all neo-
plasms broadly, this level 3 cancer group was not included in
the estimates reported in this article to focus on malignant
cancers (eAppendix in the Supplement). Similarly, because
nonmelanoma skin cancer (NMSC) has relatively high inci-
dence and low mortality compared with other cancers, this ar-
ticle presents estimates with and without NMSC.

There are 5 major ways that this iteration of the GBD study
improved on the data and methods used to estimate cancer bur-
den in GBD 201722 (eAppendix in the Supplement). First, GBD
2019 incorporated an additional 104 076 new cancer-, location-,
and year-specific sources of data compared with GBD 2017
(eTable 1 in the Supplement). Second, data processing meth-
ods were improved for several cancers, particularly liver can-
cer, as described later. Third, the youngest age group esti-
mated was increased or decreased for several cancers to align
with cancer registry age patterns. Fourth, modeling param-
eters were updated to perform additional smoothing of
mortality-to-incidence ratio (MIR) estimates across age and
time, reducing improbable variation from sparse data. Fifth,
cancer survival estimation methods were updated to im-
prove uncertainty estimations and estimate age-specific in-
stead of all-ages survival curves.

Results are presented by SDI, a composite indicator of
income per capita, mean years of education, and fertility rate

Key Points
Question What was the burden of cancer globally and across
Sociodemographic Index (SDI) groupings in 2019, and how has
incidence, morbidity, and mortality changed since 2010?

Findings In this systematic analysis, there were 23.6 million new
global cancer cases in 2019 (17.2 million when excluding those with
nonmelanoma skin cancer), 10.0 million cancer deaths, and an
estimated 250 million disability-adjusted life years estimated to be
due to cancer; since 2010, these represent increases of 26.3%,
20.9%, and 16.0%, respectively. Absolute cancer burden
increased in all SDI quintiles since 2010, but the largest percentage
increases occurred in the low and low-middle SDI quintiles.

Meanings The study results suggest that increased cancer
prevention and control efforts are needed to equitably address the
evolving and increasing burden of cancer across the SDI spectrum.
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for those younger than 25 years.21 The SDI is the geometric
mean of these 3 independently estimated and scaled compo-
nents, with lower values representing lower development.
While SDI values may change over time, for consistency of com-
parison, countries were grouped into quintiles according to
their SDI values in 2019 (eTable 2 and eFigure 1 in the Supple-
ment). These quintiles were termed low, low-middle, middle,
high-middle, and high. More details are provided in the eAp-
pendix in the Supplement, including the population and SDI
bounds for each quintile.

Data Sources and Processing
Cancer estimation in GBD 2019 used 929 193 cancer-,
location-, and year-specific sources of data, of which 767 514
(82.6%) were from vital registration systems, 155 542 (16.7%)
from cancer registries, and 6137 (0.7%) from verbal autopsy
reports (eTable 1 in the Supplement). The cancers presented
in this analysis include malignant neoplasms or cancer as
defined by the International Statistical Classification of Dis-
eases and Related Health Problems, Ninth Revision (ICD-9)
codes 140 to 209,28 or Tenth Revision (ICD-10) codes C00 to
C96.29 Incidence and mortality data with these ICD codes
are mapped to GBD cancer causes20 (eAppendix and
eTables 3-5 in the Supplement). One processing update for
GBD 2019 was the remapping of deaths coded to ICD-10 code
C22.9; because this code includes unspecified primary or
secondary liver cancer, a subset of these deaths were redis-
tributed to various other cancers that metastasize to the
liver.20,30,31 Kaposi sarcoma was not estimated because
deaths were primarily redistributed to be of HIV/AIDS (eAp-
pendix in the Supplement).20 The GBD NMSC estimates
included squamous cell carcinoma and basal cell carcinoma.
Because NMSC reporting was incomplete in many cancer
registries,32 GBD 2019 additionally incorporated data from
the literature and clinical sources to estimate NMSC burden
(eAppendix in the Supplement).

Modeling Process
The GBD cancer mortality and YLL estimation process in-
cluded 2 primary steps (eFigure 2 in the Supplement), begin-
ning with the estimation of cancer MIRs, which provide an as-
sociation between mortality and incidence estimation,
maximizing data availability. The MIRs were modeled using a
space-time Gaussian process regression approach26 (MIR
methods are described in the eAppendix in the Supplement)
using matched incidence and mortality data from cancer reg-
istries (eTable 6 in the Supplement) and the GBD-estimated
health care access and quality index33 as a covariate. These es-
timated MIRs were then used to convert cancer registry inci-
dence data into inputs for mortality modeling.

Estimating cancer mortality was the second step. The GBD
2019 study used a Cause of Death Ensemble model (CODEm)
approach that combined data from vital registration systems,
cancer registries, and verbal autopsy reports to estimate mor-
tality across several submodels.34 Covariates provided for
potential inclusion in the submodels of the ensemble, such as
smoking prevalence or alcohol use, can be found in the eAp-
pendix and eTables 7 and 8 in the Supplement. Ensemble

model construction and performance was evaluated through
out-of-sample predictive validity tests (eTable 9 in the Supple-
ment). For each cancer, sex-specific CODEm models gener-
ated mortality estimates across locations, years, and age
groups. These cancer mortality estimates were then scaled to
align with the total mortality for all causes of death, which
was separately estimated in GBD 2019 (eTable 10 in the
Supplement).21 To estimate YLLs, a standard age-specific GBD
life expectancy was applied to mortality estimates by age group
(eAppendix in the Supplement).20

The GBD cancer incidence and YLD estimation process in-
cluded 2 additional steps (eFigure 3 in the Supplement), start-
ing with estimating incidence. Incidence was estimated by tak-
ing mortality estimates from the second step described
previously and dividing by MIR estimates from the first step
described previously for each cancer type, sex, location, year,
and 5-year age group. Additional information can be found in
the eAppendix in the Supplement.

Next, YLDs were estimated by combining prevalence es-
timates with disability weights associated with various phases
of cancer survival. To estimate 10-year cancer prevalence, sur-
vival curves estimated from MIRs were combined with GBD-
estimated background mortality and applied to incidence es-
timates. Additional information regarding survival and
prevalence estimation can be found in the eAppendix and eFig-
ure 3 in the Supplement. These 10-year prevalence estimates
were then partitioned into 4 sequelae according to the ex-
pected person-time spent in these 4 phases of cancer sur-
vival: (1) diagnosis/treatment, (2) remission, (3) metastatic/
disseminated, and (4) terminal (eTable 11 in the Supplement).
Each sequela prevalence was multiplied by a sequela-
specific disability weight that represented the magnitude of
health loss (eTable 12 in the Supplement).20 For 5 cancer types
(bladder, breast, colorectal, larynx, and prostate cancer), the
total prevalence additionally included lifetime prevalence of
procedure-related disability (eg, laryngectomy due to larynx
cancer). These procedure-related prevalence estimates were
modeled in the Bayesian meta-regression tool DisMod-MR, ver-
sion 2.1,20 using medical records data on the proportion of pa-
tients with cancer who underwent these procedures and the
estimated number of 10-year survivors (eAppendix in the
Supplement). These procedure-related prevalence estimates
were then multiplied by procedure-specific disability weights
(eTable 12 in the Supplement). Total cancer-specific YLDs were
estimated by summing across these sequelae. Finally, DALYs
were estimated as the sum of YLDs and YLLs.20

Reporting Standards
All rates are reported per 100 000 person-years. Annualized
rates of change from 2010 to 2019 represent the mean per-
centage change per year during this period (eAppendix in the
Supplement). The GBD world population standard was used
to calculate age-standardized rates (eAppendix in the
Supplement).21 For all estimates, 95% uncertainty intervals
(UIs) are reported. Uncertainty was propagated through each
step of the cancer estimation process, with UIs representing
the 2.5th and 97.5th percentiles of the distribution of 1000
draws at each step (eAppendix in the Supplement).20
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Results are reported for 29 cancer groups, 204 countries
and territories, and 5 SDI quintiles from 2010 to 2019. These
estimates, as well as extended years (1990-2019), addition-
al cancer groups, national and subnational locations, sex-
specific estimates, and additional age groups are available
from online resources (https://vizhub.healthdata.org/gbd-
compare/ and http://ghdx.healthdata.org/gbd-results-tool).

Data processing and analyses were conducted using
Python, version 3.7.0 (Python Software Foundation); Stata,
version 15.1 (StataCorp); and R, version 3.4.1 (R Foundation).
Code is available at https://ghdx.healthdata.org/gbd-2019/
code.

Results
Global Estimates of Total Cancers and Cancer-Specific
Burden in 2019
Across 204 countries and territories, there were 23.6 million
(95% UI, 22.2-24.9 million) incident cancer cases and 10.0 mil-
lion (95% UI, 9.36-10.6 million) deaths in 2019 (Table 1).
Excluding NMSC, there were an estimated 17.2 million
(95% UI, 15.9-18.5 million) incident cancer cases and 9.97 mil-
lion (95% CI, 9.31-10.5 million) deaths (Table 1).

Globally, cancers were estimated to cause 250 million
(95% UI, 235-264 million) DALYs in 2019 (eTable 15 in the
Supplement). Of the total global DALYs, 96.9% (95% UI,
96.0%-97.7%) came from YLLs, whereas 3.1% (95% UI, 2.3%-
4.0%) came from YLDs (eTable 14 and eFigure 4 in the
Supplement). Among the 22 groups of diseases and injuries
in level 2 of the GBD cause hierarchy (Figure 122), total can-
cer was the second-highest cause of DALYs, deaths, and
YLLs behind cardiovascular diseases (Table 2; eTable 15 in
the Supplement). As such, cancer had greater overall and
fatal burden globally in 2019 than other major groups of
diseases in the GBD, such as maternal and neonatal disor-
ders, musculoskeletal disorders, and respiratory infections
and tuberculosis (Figure 1).

The 5 leading causes of cancer-related DALYs for both
sexes combined (Figure 2), excluding other malignant neo-
plasms, were tracheal, bronchus, and lung (TBL) cancer,
with 18.3% (95% UI, 17.5%-19.1%) of total cancer-related
DALYs; colon and rectum cancer (CRC), with 9.7% (95% UI,
9.4%-10.0%); stomach cancer, with 8.9% (8.6%-9.3%);
breast cancer, with 8.2% (7.8%-8.7%); and liver cancer, with
5.0% (4.8%-5.3%).

Tracheal, bronchus, and lung cancer were estimated to
cause 45.9 million (95% UI, 42.3-49.3 million) DALYs in 2019;
of these, 98.8% (95% UI, 98.5%-99.1%) came from YLLs and
just 1.2% (95% UI, 0.9%-1.5%) from YLDs (eTable 14 and eFig-
ure 4 in the Supplement). In 2019, there were 2.04 million
(95% UI, 1.88-2.19 million) deaths due to TBL cancer and 2.26
million (95% UI, 2.07-2.45 million) incident TBL cases (Table 1).
Tracheal, bronchus, and lung cancer was the leading cause
of cancer incidence and mortality in 58 and 119 countries and
territories, respectively, for males (eFigures 5 and 6 in the
Supplement), and 1 and 27 countries, respectively, for fe-
males (eFigures 7 and 8 in the Supplement).

Colon and rectum cancer were estimated to cause 24.3 mil-
lion (95% UI, 22.6-25.7 million) DALYs in 2019; of these, 95.6%
(95% UI, 94.4%-96.8%) came from YLLs and 4.4% (95% UI,
3.2%-5.6%) from YLDs (eTable 14 and eFigure 4 in the Supple-
ment). In 2019, there were 1.09 million (95% UI, 1.00-1.15 mil-
lion) deaths due to CRC and 2.17 million (95% UI, 2.00-2.34 mil-
lion) incident CRC cases (Table 1). Colon and rectum cancer was
the leading cause of cancer incidence and mortality in 1 coun-
try and 9 countries, respectively, for females (eFigures 7 and
8 in the Supplement) and of cancer incidence for 11 countries
in males (eFigure 5 in the Supplement).

Stomach cancer was estimated to cause an estimated 22.2
million (95% UI, 20.3-24.1 million) DALYs in 2019; of these,
98.4% (95% UI, 98.0%-98.9%) came from YLLs and 1.6%
(95% UI, 1.1%-2.0%) from YLDs (eTable 14 and eFigure 4 in the
Supplement). There were also 957 000 (95% UI, 871 000-
1 030 000) deaths and 1.27 million (95% UI, 1.15-1.40 million)
incident cases of stomach cancer in 2019 (Table 1). Stomach
cancer was the leading cause of cancer incidence and mortal-
ity in 5 and 11 countries, respectively, for males (eFigures 5
and 6 in the Supplement) and of cancer mortality in 6 coun-
tries for females (eFigure 8 in the Supplement).

Breast cancer was the leading cause of cancer-related
DALYs, deaths, and YLLs among females globally in 2019. Most
of the global breast cancer burden occurred for females, with
20.3 million (95% UI, 18.7-21.9 million) of 20.6 million
(95% UI, 19.0-22.2 million) total breast cancer–related DALYs
in 2019 occurring in females, of which 93.3% (95% UI, 91.1%-
95.2%) came from YLLs and 6.7% (95% UI, 4.8%-8.9%) from
YLDs (eTable 14 and eFigure 4 in the Supplement). Likewise,
689 000 (95% UI, 635 000-740 000) of 701 000 (95% UI,
647 000-752 000) breast cancer deaths occurred in females,
and 1.98 million (95% UI, 1.81–2.15 million) of 2.00 million
(95% UI, 1.83–2.17 million) incident cases of breast cancer
(Table 1). For females, breast cancer was the leading cause of
cancer incidence in 157 countries and deaths in 119 countries
(eFigures 7 and 8 in the Supplement).

Liver cancer was estimated to cause 12.5 million (95% UI,
11.4-13.7 million) DALYs in 2019; of these, 99.0% (95% UI,
98.6%-99.3%) came from YLLs and 1.0% (95% UI, 0.7%-
1.4%) from YLDs (eTable 14 and eFigure 4 in the Supple-
ment). There were also 485 000 (95% UI, 444 000-526 000)
deaths and 534 000 (95% UI, 487 000-589 000) incident cases
of liver cancer in 2019 (Table 1). Liver cancer was the leading
cause of cancer incidence and mortality in 6 and 8 countries,
respectively, in males (eFigures 5 and 6 in the Supplement)
and 1 and 2 countries, respectively, in females (eFigures 7
and 8 in the Supplement).

Sex-specific DALY rankings differed slightly from those
previously described because of the higher prominence of
several sex-specific cancers. Among males, TBL cancer
remained the leading cause of cancer-related DALYs globally,
followed by stomach, CRC, liver, and esophageal cancer,
with prostate cancer sixth (eFigure 9 in the Supplement).
Among females, the leading cause of cancer-related DALYs
globally was breast cancer, followed by TBL, CRC, cervical,
and stomach cancer, with ovarian cancer sixth (eFigure 10 in
the Supplement).
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Global Trends in Cancer Burden From 2010 to 2019
Globally, the number of new cancer cases increased from
18.7 million (95% UI, 18.0-19.3 million) in 2010 to 23.6
million (95% UI, 22.2-24.9 million) in 2019, an increase
of 26.3% (95% UI, 20.3%-32.3%). Age-standardized in-
cidence rates remained generally the same during this
period, with a difference of −1.1% (95% UI, −5.8% to 3.5%)
and an annualized rate of change of −0.1% (95% UI, −0.7%
to 0.4%). Excluding NMSC, the number of incident cases
increased from 13.8 million (95% UI, 13.3-14.3 million)
in 2010 to 17.2 million (95% UI, 15.9-18.5 million) in 2019,
a 24.6% (95% UI, 16.8%-32.6%) increase, while the
age-standardized incidence rates remained the same
during this period, with a difference of −1.6% (95% UI,
−7.7% to 4.6%) and an annualized rate of change of −0.2%
(95% UI, −0.9% to 0.5%).

Similarly, the number of global total cancer deaths
increased by 20.9% (95% UI, 14.2%-27.6%) from 8.29
million (95% UI, 7.89-8.57 million) in 2010 to 10.0 mil-
lion (95% UI, 9.36-10.6 million) in 2019. Cancer deaths
also increased as a proportion of total deaths of all
causes, rising from 15.7% (95% UI, 15.0%-16.2%) in
2010 to 17.7% (95% UI, 16.8%-18.4%) in 2019. By con-
trast, age-standardized mortality rates declined by
−5.9% (95% UI, −11.0% to −0.9%) during this 10-year
period, with an annualized rate of change of −0.7%
(95% UI, −1.3% to −0.1%). During this decade, the
absolute number of global cancer-related DALYs
increased by 16.0% (95% UI, 9.3%-22.8%) from 216
million (95% UI, 208-223 million) in 2010 to 250 mil-
lion (95% UI, 235-264 million) in 2019. The proportion
of estimated total global DALYs that were due to cancer
increased from 8.4% (95% UI, 7.7%-9.0%) of total
DALYs from all causes in 2010 to 9.9% (95% UI, 8.9%-
10.9%) in 2019. A decline is also evident in the age-
standardized rates, as age-standardized cancer-related
DALYs rates decreased by −6.6% (95% UI, −11.9% to
−1.1%) during this period.

Location-specific annualized rates of change in
age-standardized mortality and incidence rates from
2010 to 2019 for total cancers, excluding NMSC, varied
by location. During this period, age-standardized mor-
tality rates decreased in 131 of 204 countries and terri-
tories (64.2%; Figure 3), and age-standardized inci-
dence rates decreased in 75 of 204 countries and
territories (36.8%; Figure 4).

Trends during the last decade varied by type of can-
cer, including several shifts in cancer group rankings by
absolute DALYs (Figure 2). For example, CRC and liver
cancer rose from the third and seventh leading causes
of cancer-related DALYs in 2010 to second and fifth in
2019 because of large increases in the number of DALYs
and small decreases in age-standardized DALY rates. In
contrast, stomach cancer and leukemia dropped from
second and fifth to third and seventh during the same
period because of large decreases in age-standardized
DALY rates and minimal changes in the number of DALYs
(Figure 2).Ta
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Cancer Burden by SDI
Cancer burden varied considerably across SDI quintiles in 2019
levels and rankings (Table 2 and Figure 4) and trends during
the 2010 to 2019 study period (Figure 5; eTables 16 and 17 in
the Supplement). The following results exclude NMSC.

In the high SDI quintile in 2019, there were 50.9 million
(95% UI, 48.1-52.9 million) DALYs estimated to be caused by
cancer, of which 94.5% (95% UI, 93.1%-95.9%) were from YLLs
and 5.5% (95% UI, 4.1%-6.9%) from YLDs. The most cases and
the highest age-standardized incidence rates were in the high
SDI quintile (Table 2; Figure 5). Compared with GBD level 2
groups of diseases and injuries, cancer was the leading cause
of YLLs and DALYs in the high SDI quintile and was the lead-
ing or second leading cause of deaths by age-standardized rate
or absolute number, respectively. In the high-middle SDI quin-
tile, there were 63.5 million (95% UI, 58.6-68.2 million) DALYs
estimated to be caused by cancer, of which 96.7% (95% UI,
95.7%-97.6%) were from YLLs and 3.3% (95% UI, 2.4%-4.3%)
from YLDs. The high-middle SDI had the highest age-
standardized rates of deaths and DALYs of all SDI quintiles and
the second highest age-standardized incidence rate (Table 2;
Figure 5).

The middle SDI quintile had the highest number of cancer-
related DALYs and deaths of any SDI quintile in 2019, with 76.3
million (95% UI, 69.7-83.2 million) DALYs and 2.88 million
(95% UI, 2.62-3.15 million) deaths (Table 2, Figure 5). Of the
SDI quintiles, the middle SDI quintile had the largest total popu-
lation (eAppendix in the Supplement). For DALYs, 97.6%
(95% UI, 96.8%-98.3%) came from YLLs and 2.4% (95% UI,
1.7%-3.2%) from YLDs. In the low-middle SDI quintile, there
were 40.2 million (95% UI, 36.8-43.7 million) DALYs

estimated to be caused by cancer in 2019; of these, 98.2%
(95% UI, 97.7%-98.7%) were from YLLs and 1.8% (95% UI, 1.3%-
2.3%) from YLDs.

In the low SDI quintile, there were 18.0 million (95% UI,
15.9-20.2 million) DALYs estimated to be caused by cancer in
2019; of these, 98.6% (95% UI, 98.1%-98.9%) were from YLLs
and 1.4% (95% UI, 1.1%-1.9%) from YLDs. The low SDI quin-
tile had the lowest numbers and age-standardized rates of can-
cer cases and deaths (Table 2; Figure 5). In contrast to the higher
rankings in other quintiles, cancer was the fifth leading cause
of death in the low SDI quintile in 2019, ninth for YLLs, and
tenth for DALYs.

Alongside these differences, some patterns held across
most SDI quintiles. In 2019, TBL cancer had the highest num-
ber of cancer deaths and DALYs in both sexes combined in all
but the low SDI quintile, in which it was breast cancer (eFig-
ure 11 in the Supplement). Excluding NMSC, the most inci-
dent cases occurred for CRC in the high SDI quintile, TBL in
the high-middle and middle SDI quintiles, and breast cancer
in the low-middle and low SDI quintiles (eFigure 12 in the
Supplement).

While in 2019 the largest absolute numbers of cases and
deaths occurred in the middle to high SDI quintiles, from 2010
to 2019, the largest increasing annualized rates of change in
the absolute numbers of cases and deaths occurred in the low-
middle SDI quintile and then the low SDI quintile (Figure 5;
eTables 16 and 17 in the Supplement). Changes in age-
standardized rates from 2010 to 2019 also varied by SDI quin-
tile. For mortality, age-standardized rates increased from 2010
to 2019 in the low and low-middle SDI quintiles but de-
creased in the middle to high SDI quintiles. For incidence, age-

Figure 1. Ranking of Total Cancer Absolute Disability-Adjusted Life Years (DALYs) in 2019 Among the 22 Level 2
Categories of Disease in the Global Burden of Disease (GBD) Study by Quintile of Sociodemographic Index (SDI)
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Cardiovascular diseases
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51.4 (40.7-66.0)

49.8 (36.9-65.8)

42.9 (28.6-63.4)

35.1 (28.2-43.0)

Absolute DALYs,
millions (95% UI)
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Total cancers excludes nonmelanoma
skin cancer. The GBD study organized
diseases and injuries into a hierarchy
that was mutually exclusive and
collectively exhaustive. More details
of this hierarchy were previously
published.22 Colors represent the
ranking of the cause within a given
location group (eg, high SDI quintile)
from red (highest ranking) to green
(lowest ranking). The other
noncommunicable diseases include
congenital birth defects; urinary
diseases and male infertility;
gynecological diseases;
hemoglobinopathies and hemolytic
anemias; endocrine, metabolic,
blood, and immune disorders; oral
disorders; and sudden infant death
syndrome. The other infectious
diseases include meningitis;
encephalitis; diphtheria; whooping
cough; tetanus; measles; varicella and
herpes zoster; acute hepatitis; and
other unspecified infectious diseases.
NMSC indicates nonmelanoma skin
cancer; UI, uncertainty interval.
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standardized rates increased during this period for the low to
middle SDI quintiles but decreased in the high-middle and high
SDI quintiles, with the largest decrease in the high SDI quin-
tile. While there was substantial heterogeneity between coun-
tries and territories within the same SDI quintile, country-
specific estimates showed similar overall trends between
SDI and age-standardized incidence and mortality rates
(eFigure 13 in the Supplement).

Discussion
The results of this systematic analysis demonstrate the sub-
stantial and growing global burden of cancer, with patterns of
burden differing by SDI quintile. In 2019, cancer-related DALYs
were second only to cardiovascular diseases in their contri-
bution to global disease burden, and in the high SDI quintile,
cancer overtook cardiovascular disease to become the lead-
ing cause of DALYs. Between 2010 and 2019, the number of
new global cancer cases and deaths increased by 26.3% and
20.9%, respectively. However, the largest percentage in-
creases in cancer incidence and mortality during the last de-
cade occurred in the lower SDI quintiles, likely reflecting on-
going epidemiologic transitions, demographic shifts, and
disparities in cancer prevention, care, and control. Together,
these results provide comprehensive and comparable esti-
mates that can potentially inform efforts for equitably reduc-
ing the evolving burden of cancer globally.

While the absolute burden of cancer grew from 2010 to
2019, global age-standardized incidence rates remained
similar at −1.1% (95% UI, −5.8% to 3.5%) and mortality rates
decreased by −5.9% (95% UI, −11.0% to −0.9%). These age-
standardized mortality results suggest cautious optimism
that some progress may have been made in early diagnosis
and cancer treatment globally during the last decade. How-
ever, inequities in the distribution and growth of cancer bur-

den around the world diminish this potential advancement
and suggest that an acceleration of efforts to effectively
address cancer burden are needed. Of particular concern,
recent progress in reducing age-standardized incidence and
mortality rates seems concentrated in higher SDI locations,
while both rates are still trending upward in lower SDI loca-
tions. The increasing age-standardized incidence and mor-
tality rates in lower SDI quintiles may reflect several factors,
including shifting population age structures, increasing
capacity for diagnosis and registration of cancer cases and
deaths, and changes in cancer risk factors, such as meta-
bolic, behavioral, environmental, and occupational expo-
sures. For example, changing patterns of smoking preva-
lence by SDI quintile may be particularly relevant to cancer
burden,35 with a need for further smoking reduction and
tobacco control initiatives in many countries.36,37 These dif-
ferences in cancer burden across the SDI spectrum suggest a
need to tailor cancer control efforts to specific resource con-
texts and health system needs, incorporating local cultural
and cancer context-specific knowledge.

Low and low-middle SDI locations had a higher rate of
growth in the number of cases and deaths than high SDI
locations during the last decade. Consistent with this trend,
forecasts of cancer incidence38 and mortality1 suggest a
growing burden in these locations, predicting that by 2040
more than two-thirds of the world’s cancers will occur in
low-income and middle-income countries.38 Increasing can-
cer burden in already overburdened and underresourced set-
tings is concerning given existing disparities in health care
access and coverage.2,3,39 As many in countries within the
lower SDI quintiles have insufficient access to cancer pre-
vention services, timely diagnosis, and comprehensive treat-
ment, efforts to strengthen cancer control infrastructure,
expand workforce capacity, and increase access to universal
health coverage and sufficient financial security will be
crucial.3,40 The grouping of countries by SDI quintile is not

Table 2. Global Cancer Estimates in 2019 and Ranking Among 22 Level 2 Categories of Diseases and Injuries in the Global Burden
of Disease Study Overall and by Quintile of Sociodemographic Index

Locationa

DALYs Deaths YLLs Incident cases YLDs

No. millions
(95% UI)

Cancer
rank

No. millions
(95% UI)

Cancer
rank

No. millions
(95% UI)

Cancer
rank

No. millions
(95% UI)

Cancer
rank

No. millions
(95% UI)

Cancer
rank

Global 249.0
(233.6-263.2)

2 9.97
(9.31-10.5)

2 241.3
(226.5-255.3)

2 17.2
(15.9-18.5)

21 7.72
(5.68-9.96)

20

SDI

Low 18.0
(15.9-20.2)

10 0.54
(0.48-0.60)

5 17.7
(15.7-19.8)

9 0.68
(0.60-0.76)

21 0.26
(0.18-0.34)

22

Low-middle 40.2
(36.8-43.7)

4 1.37
(1.26-1.49)

2 39.5
(36.1-43.0)

4 1.81
(1.67-1.96)

21 0.70
(0.52-0.92)

22

Middle 76.3
(69.7-83.2)

2 2.88
(2.62-3.15)

2 74.5
(68.0-81.4)

2 4.47
(4.05-4.89)

21 1.85
(1.36-2.44)

20

High-middle 63.5
(58.6-68.2)

2 2.65
(2.42-2.85)

2 61.4
(56.6-66.0)

2 4.69
(4.29-5.09)

21 2.11
(1.54-2.75)

16

High 50.9
(48.1-52.9)

1 2.53
(2.31-2.64)

2 48.1
(45.5-49.7)

1 5.56
(5.02-6.09)

19 2.79
(2.03-3.61)

12

Abbreviations: DALYs, disability-adjusted life years; SDI, Sociodemographic Index; UI, uncertainty interval; YLDs, years lived with disability; YLLs, years of life lost.
a Total numbers and rankings exclude nonmelanoma skin cancer. All estimates refer to estimates in 2019. Rank refers to the relative ranking of the total cancer

estimate for a given measure (eg, DALYs) and SDI quintile (eg, high SDI) compared among the 22 level 2 categories of diseases and injuries in the Global Burden of
Disease Study 2019. More details on SDI quintiles, including population, are in the eAppendix in the Supplement. A version of this table using age-standardized
rates is provided in eTable 18 in the Supplement.
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meant to imply that all countries within an SDI quintile have
equivalent capacity to prevent, diagnose, or treat cancers;
each country has unique strengths and needs that should be
considered. Further, the growing absolute number of cases
and deaths in all SDI quintiles suggests that even as progress
has been made in reducing age-standardized rates in some
settings, globally there is an expanding need for health care
infrastructure that is capable of supporting the provision of
effective diagnoses and treatments for a growing number of
patients with cancer.

While the traditional cancer metrics of incidence and
mortality are crucial, DALY estimates provide perspective on
the healthy years of life lost because of cancer morbidity and
mortality globally. The GBD 2019 study found that on a
global level, most cancer-related DALYs (96.9%; 95% UI,
96.0%-97.7%) in 2019 came from YLLs, suggesting that the
total health loss from cancer was primarily associated with
premature death. This finding is a valuable reminder of the
lives that prematurely ended because of cancer globally and
the importance of working toward improved global survival
outcomes. While YLDs contribute less to global DALYs, the
percentage of DALYs estimated to be caused by YLDs
increased with increasing SDI quintiles, ranging from 1.4%

(95% UI, 1.1%-1.8%) in the low SDI quintile to 5.7% (95% UI,
4.2%-7.1%) in the high SDI quintile. This greater comparative
contribution of YLDs in higher SDI settings is consistent with
likely improved survival,41 given generally more available
access to cancer screening,4 2 , 43 diagnosis,4 4 , 45 and
treatment46,47 as SDI increases. Consequently, the contribu-
tion of YLDs to health loss due to cancer would be expected
to be increasingly relevant to global health planning as can-
cer survival improves globally, and the support needs of sur-
vivors of cancer should be considered as part of comprehen-
sive cancer control planning efforts.48,49

The contribution of cancers to total global DALYs esti-
mated to be caused by disease and injury has increased dur-
ing the past decade, rising from third place in 2010 to second
place in 2019, remaining behind only cardiovascular dis-
eases. However, in high SDI settings, cancer-related DALYs have
surpassed cardiovascular disease–related DALYs to become
the leading cause of total disease burden in 2019. Other stud-
ies have described cancer’s emerging prominence as the lead-
ing cause of premature death in countries with high income50

or a high Human Development Index,4 some of which is
attributed to relative decreases in cardiovascular disease
deaths.4,50,51 The GBD 2019 study builds on this evolving global

Figure 2. Cancer Group Rankings by Disability-Adjusted Life Years (DALYs) in 2019 and Percentage Change From 2010 to 2019

Cancer
Rank,
2010

Rank,
2019

Tracheal, bronchus, and lung cancer1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

Leukemia
Pancreatic cancer
Cervical cancer
Brain and central nervous system cancer
Prostate cancer
Non-Hodgkin lymphoma
Lip and oral cavity cancer
Ovarian cancer
Bladder cancer
Kidney cancer
Gallbladder and biliary tract cancer
Larynx cancer
Other pharynx cancer
Multiple myeloma
Nasopharynx cancer
Uterine cancer
Malignant skin melanoma
Thyroid cancer
Nonmelanoma skin cancer
Hodgkin lymphoma
Mesothelioma
Testicular cancer

Colon and rectum cancer
Stomach cancer
Breast cancer
Liver cancer
Esophageal cancer

Absolute DALYs
in 2019, millions
(95% UI)

11.7 (10.5 to 12.7)
11.5 (10.8 to 12.3)
8.96 (7.75 to 9.98)
8.66 (6.72 to 9.57)
8.64 (7.55 to 10.6)
6.99 (6.57 to 7.45)
5.51 (5.00 to 6.03)
5.36 (4.69 to 5.95)
4.39 (4.09 to 4.70)
4.05 (3.80 to 4.32)
3.62 (3.10 to 3.97)
3.26 (3.03 to 3.51)
3.23 (2.90 to 3.57)
2.50 (2.19 to 2.72)
2.34 (2.14 to 2.54)
2.33 (2.09 to 2.56)
1.71 (1.30 to 2.00)
1.23 (1.11 to 1.33)
1.18 (1.09 to 1.26)
1.15 (0.98 to 1.32)
0.67 (0.61 to 0.72)
0.56 (0.51 to 0.63)

24.3 (22.6 to 25.7)
45.9 (42.3 to 49.3)

22.2 (20.3 to 24.1)
20.6 (19.0 to 22.2)
12.5 (11.4 to 13.7)
11.7 (10.4 to 12.9)

Percentage change
in absolute DALYs,
2010-2019 (95% UI)

0.8 (–7.4 to 9.6)
32.9 (25.3 to 40.1)
14.6 (5.0 to 25.0)
11.6 (–1.3 to 20.8)
26.2 (20.4 to 32.8)
18.2 (12.3 to 24.9)
22.3 (11.9 to 33.6)
27.5 (16.3 to 37.7)
21.6 (15.0 to 28.9)
21.1 (14.8 to 27.8)
17.4 (9.4 to 26.6)
14.3 (6.6 to 22.4)
26.4 (14.1 to 39.8)
26.3 (18.2 to 32.8)
12.7 (2.7 to 23.1)
11.6 (3.5 to 26.1)
12.2 (6.1 to 18.7)
17.8 (10.9 to 24.5)
24.3 (17.5 to 31.4)
2.3 (–3.6 to 8.5)
14.7 (9.8 to 19.7)
14.7 (6.3 to 23.7)

23.2 (16.3 to 30.2)
18.1 (8.9 to 28.0)

–0.5 (–9.3 to 9.2)
21.3 (13.2 to 29.5)
20.9 (9.4 to 33.0)
6.1 (–5.7 to 22.2)

Age-standardized
DALY rate in 2019,
per 100 000 (95% UI)

150.5 (135.7 to 164.1)
139.6 (130.2 to 149.1)
107.2 (90.5 to 119.4)
109.0 (84.6 to 120.9)
107.9 (94.0 to 131.7)
86.5 (81.3 to 92.3)
66.1 (60.1 to 72.3)
64.3 (56.4 to 71.5)
54.2 (50.4 to 58.0)
49.6 (46.5 to 52.9)
44.0 (37.6 to 48.2)
38.8 (36.1 to 41.8)
38.4 (34.5 to 42.4)
30.3 (26.6 to 32.9)
28.0 (25.7 to 30.4)
28.0 (25.1 to 30.8)
20.8 (15.8 to 24.3)
15.0 (13.6 to 16.1)
14.7 (13.4 to 15.7)
14.4 (12.3 to 16.7)
8.1 (7.4 to 8.7)
7.1 (6.5 to 8.0)

295.5 (275.2 to 313.0)
551.6 (509.0 to 593.1)

268.4 (245.5 to 290.6)
247.6 (228.7 to 266.1)
151.1 (137.5 to 164.8)
139.8 (124.4 to 155.0)

Percentage change in
age-standardized DALY rate,
2010-2019 (95% UI)

–11.9 (–18.9 to –4.3)
4.1 (–1.8 to 9.7)

–

–4.8 (–12.7 to 3.7)
–4.0 (–15.0 to 4.1)
–3.8 (–8.2 to 1.2)
–2.3 (–7.1 to 3.3)
–1.0 (–9.4 to 8.1)
2.6 (–6.4 to 10.7)
–5.8 (–10.8 to –0.2)
–2.9 (–8.0 to 2.6)
–8.2 (–14.4 to –1.0)
–9.3 (–15.3 to –2.9)
1.8 (–8.1 to 12.4)
–1.3 (–7.7 to 3.8)
–6.5 (–14.8 to 2.1)
–11.8 (–18.1 to –1.0)
–8.5 (–13.2 to –2.9)
–4.3 (–9.8 to 1.3)
–2.6 (–7.8 to 2.8)
–9.6 (–14.8 to –3.8)
–8.6 (–12.5 to –4.8)
4.3 (–3.2 to 12.6)

–2.7 (–8.1 to 2.8)
–7.3 (–14.6 to 0.4)

–20.8 (–27.7 to –13.3)
–1.3 (–7.8 to 5.4)
–2.4 (–11.6 to 7.1)
–16.5 (–25.6 to –3.6)

Rankings are by absolute DALYs and exclude the other malignant neoplasms cancer group. Cancers are ordered by rank in 2019, with lines connecting to their rank in
2010. Absolute DALYs and age-standardized DALY rates for 2010 can be found online at https://vizhub.healthdata.org/gbd-compare/. Colors refer to the directional
change in cancer rank from 2010 to 2019: red signifies an increase in rank, blue signifies no change in rank, and green signifies a decrease in rank. UI indicates
uncertainty interval.
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landscape of cancer burden by demonstrating the compara-
tive importance of cancer in high SDI settings not just for mor-
tality, but also when comparing the nonfatal burden of can-
cer and other diseases.

Together, these results suggest the need for increased
cancer prevention and control efforts to reduce current
burden,52 as well as the need to accelerate progress in lower
SDI locations to reduce the effect of growing burden.1,2

One important step is bolstering national cancer control
plans (NCCPs)53-56 that identify, plan, and evaluate a frame-
work of cost-effective and feasible interventions, such as the
World Health Organization’s best buys proposals for cancer
prevention, diagnosis, and management.38 The increasing

global uptake of NCCPs has demonstrated the utility of
this approach in addressing cancer burden in several
settings.57-59 However, creating and implementing effective
NCCPs requires detailed knowledge about the local burden
of cancer and associated risk factors, in addition to aware-
ness of sociocultural circumstances and previous can-
cer control implementation efforts. Lack of information
about local cancer epidemiology can be a substantial bar-
rier in some data-sparse, and often resource-limited,
locations.60,61 Cancer burden estimates, such as those in
the GBD 2019 study, can potentially be helpful as part of
context-specific cancer resource planning and prioritization
efforts.

Figure 3. Annualized Rate of Change in Age-Standardized Total Cancer Incidence Rate From 2010 to 2019
in Both Sexes

Caribbean and Central America Persian Gulf The Balkans Southeast Asia

West
Africa

Eastern
Mediterranean

Northern Europe

–0.9 to 0 (67)

0.1 to 1.0 (98)

1.1 to 2.0 (27)

>2.0 (4)

≤–1.0 (8)

Annualized rate of
change, % (No. of
locations)

Total cancer excludes nonmelanoma
skin cancers. Annualized rate of
change from 2010 to 2019 represents
the average percentage change per
year during this period, with negative
values indicating decreasing
incidence rates and positive values
indicating increasing incidence rates.
There were several geographic
locations where estimates were not
available (eg, Western Sahara and
French Guiana), as they were not
modeled locations in the Global
Burden of Disease 2019 Study.

Figure 4. Annualized Rate of Change in Age-Standardized Total Cancer Mortality Rate From 2010 to 2019
in Both Sexes

Caribbean and Central America Persian Gulf The Balkans Southeast Asia

West
Africa

Eastern
Mediterranean

Northern Europe

–0.9 to 0 (101)

0.1 to 1.0 (63)

1.1 to 2.0 (9)

>2.0 (1)

≤–1.0 (30)

Annualized rate of
change, % (No. of
locations)

Total cancer excludes nonmelanoma
skin cancers. Annualized rate of
change from 2010 to 2019 represents
the mean percentage change per year
during this period, with negative
values indicating decreasing mortality
rates and positive values indicating
increasing mortality rates. There were
several geographic locations where
estimates were not available (eg,
Western Sahara and French Guiana)
as they were not modeled locations
in the Global Burden of Disease
2019 Study.
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Limitations
Several limitations provide opportunities for improvement
in future GBD iterations. An ongoing challenge is a lack of
high-quality data in many locations. This includes time lags
in data availability, nonspecific cause of death data from
vital registration systems, and ascertainment limitations of
verbal autopsy reports. The GBD addresses these data limita-
tions through data-seeking efforts, data processing correc-
tions, and modeling approaches that incorporate geospatial
and temporal smoothing. These approaches allow the esti-
mation of comprehensive results with appropriate uncer-
tainty bounds. However, in years or locations where data
were not available, estimates relied on covariates and mod-
eling parameters, which may overestimate or underestimate
true cancer burden. As data can be less available or reliable
in locations within the lower SDI quintiles,19 estimates
should be interpreted with some caution. These data limita-
tions reinforce the need for enhancing cancer surveillance
globally.61,62

Similarly, scarcity of age-specific and year-specific survival
data requires using MIRs to estimate survival, which may not
approximate location-specific survival trends well. Years lived
with disability are currently estimated based on 10-year preva-
lence, which may underestimate the lifelong health loss and
disability that some survivors of cancer experience, particu-
larly for survivors of pediatric cancer.63 While the lifelong
disability from treatment-related surgical procedures is cur-

rently estimated for 5 cancers, other sources of long-term dis-
ability in survivors of cancer have not yet been captured in
these analyses. Finally, this study only estimated global can-
cer burden through 2019, and as such did not incorporate any
associations of the COVID-19 pandemic with global cancer
morbidity and mortality. Assessing these associations will be
critical for future work on cancer burden, as the ongoing pan-
demic is likely to delay progress in efforts to reduce health loss
from cancer globally through delays and reductions in screen-
ing, diagnosis, and treatment.8-12

Conclusions
This systematic analysis of the GBD 2019 study provides
comprehensive and comparable estimates of cancer burden
worldwide, which were updated and improved from previ-
ous GBD cycles. These estimates varied substantially by SDI
quintile, highlighting global inequities in cancer burden.
While the high SDI quintile had the highest estimated num-
ber of incident cases in 2019, the middle SDI quintile had the
highest estimated number of deaths and DALYs. During the
last decade, cancer burden has grown the fastest in the low
and low-middle SDI quintiles. Such estimates are vital for
improving equity in global cancer outcomes and meeting
key SDG targets for reducing cancer and other noncommuni-
cable disease burden.

Figure 5. Total Cancer Incidence and Mortality Age-Standardized Rates and Absolute Counts in 2019
and Annualized Rate of Change for Incidence and Mortality in Age-Standardized Rates and Absolute Counts
From 2010 to 2019 by Sociodemographic Index (SDI) Quintile
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Panels provide global estimates for
total cancers, except nonmelanoma
skin cancer, stratified by SDI quintile.
Annualized rate of change from 2010
to 2019 represents the mean
percentage change per year during
this period. Black bars represent
95% uncertainty intervals.
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