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IMPORTANCE The Global Burden of Diseases, Injuries, and Risk Factors Study 2019 (GBD

2019) provided systematic estimates of incidence, morbidity, andmortality 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 estimationmethods 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 23.6million (95%UI, 22.2-24.9million) new

cancer cases (17.2 million when excluding nonmelanoma skin cancer) and 10.0million (95%

UI, 9.36-10.6million) cancer deaths globally, with an estimated 250million (235-264million)

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, themiddle 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 amajor contributor todiseaseburdenworld-

wide, and projections forecast that global cancer

burden will continue to grow for at least the next 2

decades.1-4 The United Nations (UN) Sustainable Develop-

mentGoals (SDGs) recognize theneed for reducingcancerbur-

den as part of target 3.4, stating <By2030, reducebyone third

prematuremortality fromnoncommunicablediseases [NCDs]

throughpreventionand treatment andpromotementalhealth

andwell-being.=5Most 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 theongoingCOVID-19pandemic,whichhas

led to delays and disruptions in cancer screenings, diagnosis,

and treatment around the world.8-12

The importanceofpreventionandcontrol ofNCDs, includ-

ingcancer,wasemphasizedbythethirdUNHigh-LevelMeeting

onNCDs in201813 and theUNHigh-LevelMeetingonUniversal

Health Coverage in 2019.14,15WorldHealth Organization initia-

tives that are focused on breast cancer,16 cervical cancer,17 and

childhood cancer18 are valuable efforts toward reducing global

cancerburdenincombinationwithnational-levelcancercontrol

planning and implementation. Global and local efforts require

comprehensiveassessmentsofcancerburden, informationthat

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 assessmentof cancerburdenacross locationsand time

in termsof cancer incidence,mortality, yearsof life lost (YLLs),

years livedwith disability (YLDs), and disability-adjusted life

years (DALYs).20Estimates of YLLs, YLDs, andDALYs comple-

ment incidenceandmortality estimatesby incorporatingmor-

bidity andmortality contributions to total cancer burdenover

the lifetime. Because GBD 2019 estimated disease burden

across a mutually exclusive and collectively exhaustive hier-

archy of diseases and injuries, cancer burden can also be sys-

tematically compared with and ranked against other causes

ofdiseaseburden.Together, thesequalitieshelpGBD2019pro-

videacomprehensivepictureofvariation incancerburdenthat

can potentially inform cancer control planning.

In this article,wepresent results for 29 cancer groups from

theGBD2019 study, globally and for 204 countries and territo-

ries, from2010through2019.Resultsarealsoprovidedbyquin-

tiles of the Sociodemographic Index (SDI), a summary indica-

torof social andeconomicdevelopment thatallowsforanalyses

ofdiseaseburdenpatternsacrossdifferentresourcecontexts.20,21

These estimates update results from theGBD2017 study22 and

supersedepublishedestimatesfrompreviousGBDiterations.22-25

Methods

This section provides an overview of GBD 2019 cancer esti-

mationmethods.Additionaldetail is provided in theGBD2019

summarypublications,20,21,26aswell as in theeAppendix,eFig-

ures 1 to 15, and eTables 1 to 18 in the Supplement. This study

is compliant with the Guidelines for Accurate and Transpar-

entHealthEstimatesReporting (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 accordancewith 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.20Cancerswere classified into 30 level 3 can-

cer groups (eg, leukemia), 4 of which were further subdi-

vided into level4groups (eg, chronicmyeloid 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

theestimates reported in this article to focusonmalignant can-

cers (eAppendix in the Supplement). Similarly, because non-

melanoma skin cancer (NMSC) has relatively high incidence

and lowmortalitycomparedwithothercancers, thisarticlepre-

sents estimates with and without NMSC.

There are 5majorways that this iterationof theGBDstudy

improvedonthedataandmethodsusedtoestimatecancerbur-

den inGBD201722 (eAppendix in the Supplement). First, GBD

2019 incorporated an additional 104076 new cancer-, loca-

tion-, and year-specific sources of data compared with GBD

2017 (eTable 1 in the Supplement). Second, data processing

methods were improved for several cancers, particularly

liver cancer, as described later. Third, the youngest age group

estimated was increased or decreased for several cancers to

align with cancer registry age patterns. Fourth, modeling

parameterswereupdated toperformadditional 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

instead of all-ages survival curves.

Results are presented by SDI, a composite indicator of in-

comeper capita,meanyears of education, and fertility rate for

those younger than 25 years.21The SDI is the geometricmean

of these 3 independently estimated and scaled components,

Key Points

Question What was the burden of cancer globally and across

Sociodemographic Index (SDI) groupings in 2019, and how has

incidence, morbidity, andmortality changed since 2010?

Findings In this systematic analysis, there were 23.6million new

global cancer cases in 2019 (17.2 million when excluding those with

nonmelanoma skin cancer), 10.0million cancer deaths, and an

estimated 250million 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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with lowervalues representing lowerdevelopment.While SDI

valuesmay change over time, for consistency of comparison,

countries were grouped into quintiles according to their SDI

values in 2019 (eTable 2 and eFigure 1 in the Supplement).

These quintiles were termed low, low-middle, middle, high-

middle, and high. More details are provided in the eAppendix

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-, loca-

tion-, 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 includemalignant neoplasms or cancer as de-

fined by the International Statistical Classification of Diseases

andRelatedHealthProblems,NinthRevision (ICD-9) codes 140

to 209,28 or Tenth Revision (ICD-10) codes C00 to C96.29 Inci-

dence andmortality datawith these ICD codes aremapped to

GBDcancercauses20 (eAppendixandeTables3-5 in theSupple-

ment). One processing update for GBD 2019 was the remap-

ping of deaths coded to ICD-10 code C22.9; because this code

includesunspecifiedprimaryor secondary liver cancer, a sub-

set of these deaths were redistributed to various other can-

cers that metastasize to the liver.20,30,31 Kaposi sarcoma was

not estimated because deathswere primarily redistributed to

be of HIV/AIDS (eAppendix in the Supplement).20 The GBD

NMSCestimates included squamous cell carcinomaandbasal

cell carcinoma. Because NMSC reporting was incomplete in

many cancer registries,32 GBD 2019 additionally incorpo-

rated 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

associationbetweenmortalityand incidenceestimation,maxi-

mizingdataavailability.TheMIRsweremodeledusingaspace-

time Gaussian process regression approach26 (MIR methods

are described in the eAppendix in the Supplement) using

matched incidence and mortality data from cancer registries

(eTable 6 in the Supplement) and the GBD-estimated health

care access and quality index33 as a covariate. These esti-

mated MIRs were then used to convert cancer registry inci-

dence data into inputs for mortality modeling.

Estimating cancermortalitywas the secondstep.TheGBD

2019 study used a Cause of Death Ensemble model (CODEm)

approach that combineddata fromvital registration systems,

cancer registries, and verbal autopsy reports to estimate

mortality across several submodels.34 Covariates provided

forpotential inclusion in the submodels of theensemble, such

as smokingprevalenceor alcoholuse, canbe found in theeAp-

pendix and eTables 7 and 8 in the Supplement. Ensemble

model construction and performancewas evaluated through

out-of-samplepredictivevalidity tests (eTable9 in theSupple-

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 alignwith the total mortality for all causes of death, which

was separately estimated in GBD 2019 (eTable 10 in the

Supplement).21ToestimateYLLs, a standard age-specificGBD

lifeexpectancywasapplied tomortalityestimatesbyagegroup

(eAppendix in the Supplement).20

TheGBDcancer incidence andYLDestimationprocess in-

cluded2 additional steps (eFigure 3 in the Supplement), start-

ing with estimating incidence. Incidence was estimated by

takingmortality estimates fromthesecondstepdescribedpre-

viously and dividing byMIR estimates from the first step de-

scribedpreviously foreachcancer type, sex, location,year, and

5-year age group. Additional information can be found in the

eAppendix in the Supplement.

Next, YLDswere estimated by combining prevalence esti-

mateswithdisabilityweightsassociatedwithvariousphasesof

cancersurvival.Toestimate10-yearcancerprevalence, survival

curvesestimatedfromMIRswerecombinedwithGBD-estimated

backgroundmortality and applied to incidence estimates. Ad-

ditional information regardingsurvival andprevalenceestima-

tioncanbe found in theeAppendixandeFigure3 in theSupple-

ment.These10-yearprevalenceestimateswerethenpartitioned

into4sequelaeaccording to theexpectedperson-timespent in

these4phasesofcancersurvival: (1)diagnosis/treatment, (2) re-

mission, (3)metastatic/disseminated,and(4) terminal (eTable11

in the Supplement). Each sequela prevalence was multiplied

by a sequela-specific disability weight that represented the

magnitudeofhealth loss (eTable 12 in theSupplement).20For5

cancer types (bladder, breast, colorectal, larynx, and prostate

cancer), thetotalprevalenceadditionallyincludedlifetimepreva-

lence of procedure-related disability (eg, laryngectomy due to

larynx cancer). These procedure-related prevalence estimates

weremodeledintheBayesianmeta-regressiontoolDisMod-MR,

version 2.1,20 usingmedical records data on the proportion of

patientswith cancerwhounderwent theseprocedures and the

estimatednumberof10-yearsurvivors(eAppendixintheSupple-

ment).Theseprocedure-relatedprevalenceestimateswerethen

multipliedbyprocedure-specificdisabilityweights (eTable 12 in

theSupplement).Total cancer-specificYLDswereestimatedby

summingacross these sequelae.Finally,DALYswereestimated

as the sumof YLDs andYLLs.20

Reporting Standards

All rates are reported per 100000 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

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), additional

cancer groups, national and subnational locations, sex-

Research Original Investigation Global Burden of Cancer, 2010 to 2019
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specific estimates, andadditional agegroupsareavailable from

online resources (https://vizhub.healthdata.org/gbd-compare/

and http://ghdx.healthdata.org/gbd-results-tool).

Data processing and analyses were conducted using Py-

thon, version 3.7.0 (Python Software Foundation); Stata, ver-

sion 15.1 (StataCorp); andR,version3.4.1 (RFoundation). 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, 22.2-24.9million) incident cancer cases and 10.0mil-

lion (95% UI, 9.36-10.6 million) deaths in 2019 (Table 1). Ex-

cluding NMSC, there were an estimated 17.2 million (95% UI,

15.9-18.5million) incident cancer cases and9.97million (95%

CI, 9.31-10.5 million) deaths (Table 1).

Globally, cancerswereestimated tocause250million (95%

UI, 235-264 million) DALYs in 2019 (eTable 15 in the Supple-

ment). 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 Supple-

ment). Among the 22 groups of diseases and injuries in level

2 of theGBD cause hierarchy (Figure 122), total cancerwas the

second-highest cause of DALYs, deaths, andYLLs behind car-

diovascular 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 disorders, musculoskeletal disor-

ders, and respiratory infections and tuberculosis (Figure 1).

The5 leadingcausesofcancer-relatedDALYs forbothsexes

combined (Figure 2), excluding other malignant neoplasms,

were tracheal, bronchus, and lung (TBL) cancer, with 18.3%

(95%UI, 17.5%-19.1%)of total cancer-relatedDALYs; colonand

rectumcancer (CRC),with 9.7% (95%UI, 9.4%-10.0%); stom-

ach 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 45.9million (95%UI, 42.3-49.3million) 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%) fromYLDs (eTable 14 and eFig-

ure4 in theSupplement). In2019, therewere2.04million (95%

UI, 1.88-2.19 million) deaths due to TBL cancer and 2.26 mil-

lion (95% UI, 2.07-2.45 million) incident TBL cases (Table 1).

Tracheal, bronchus, and lung cancerwas 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).

Colonandrectumcancerwereestimated tocause24.3mil-

lion (95%UI, 22.6-25.7million)DALYs in2019; of these, 95.6%

(95% UI, 94.4%-96.8%) came from YLLs and 4.4% (95% UI,

3.2%-5.6%) fromYLDs (eTable 14 andeFigure4 in the Supple-

ment). In 2019, there were 1.09 million (95% UI, 1.00-1.15

million) deaths due to CRC and 2.17 million (95% UI, 2.00-

2.34 million) incident CRC cases (Table 1). Colon and rectum

cancerwas the leading cause of cancer incidence andmortal-

ity in 1 country and9countries, respectively, for females (eFig-

ures 7 and8 in the Supplement) and of cancer incidence for 11

countries in males (eFigure 5 in the Supplement).

Stomach cancerwas estimated to cause anestimated22.2

million (95% UI, 20.3-24.1 million) DALYs in 2019; of these,

98.4% (95%UI, 98.0%-98.9%) came fromYLLsand 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-

1030000) deaths and 1.27million (95%UI, 1.15-1.40million)

incident cases of stomach cancer in 2019 (Table 1). Stomach

cancerwas the leading cause of cancer incidence andmortal-

ity in 5 and 11 countries, respectively, formales (eFigures 5 and

6 in theSupplement) andof cancermortality in6 countries for

females (eFigure 8 in the Supplement).

Breast cancer was the leading cause of cancer-related

DALYs,deaths, andYLLsamong femalesglobally in2019.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, 19.0-22.2million) total breast cancer–relatedDALYs in2019

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 14andeFigure4 intheSupplement).Likewise,689000

(95% UI, 635 000-740000) of 701 000 (95% UI, 647 000-

752000) breast cancer deaths occurred in females, and 1.98

million (95%UI, 1.81–2.15million)of2.00million (95%UI, 1.83–

2.17 million) incident cases of breast cancer (Table 1). For fe-

males, breast cancer was the leading cause of cancer inci-

dence in 157 countries and deaths in 119 countries (eFigures 7

and 8 in the Supplement).

Liver cancerwas estimated to cause 12.5million (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 485000 (95% UI, 444000-526000)

deathsand534000 (95%UI,487000-589000) incident cases

of liver cancer in 2019 (Table 1). Liver cancer was the leading

cause of cancer incidence andmortality in 6 and 8 countries,

respectively, inmales (eFigures5and6 in theSupplement) and

1 and 2 countries, respectively, in females (eFigures 7 and 8 in

the Supplement).

Sex-specificDALYrankingsdifferedslightly fromthosepre-

viously described because of the higher prominence of several

sex-specific cancers. Among males, TBL cancer remained the

leadingcauseofcancer-relatedDALYsglobally, followedbystom-

ach,CRC, liver,andesophagealcancer,withprostatecancersixth

(eFigure9intheSupplement).Amongfemales, theleadingcause

of cancer-relatedDALYsgloballywasbreast cancer, followedby

TBL, CRC, cervical, and stomach cancer, with ovarian cancer

sixth (eFigure 10 in the Supplement).

Global Trends in Cancer Burden From 2010 to 2019

Globally, the number of new cancer cases increased from 18.7

million (95%UI, 18.0-19.3million) in2010 to23.6million (95%

UI, 22.2-24.9 million) in 2019, an increase of 26.3% (95% UI,

20.3%-32.3%).Age-standardized incidencerates remainedgen-

erally 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

Global Burden of Cancer, 2010 to 2019 Original Investigation Research
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−0.1% (95% UI, −0.7% to 0.4%). Excluding NMSC, the num-

ber of incident cases increased from13.8million (95%UI, 13.3-

14.3 million) in 2010 to 17.2 million (95% UI, 15.9-18.5 mil-

lion) in 2019, a 24.6% (95% UI, 16.8%-32.6%) increase, while

the age-standardized incidence rates remained the samedur-

ing 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 in-

creased 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 million (95% UI,

9.36-10.6 million) in 2019. Cancer deaths also increased as a

proportionof total deathsof all causes, rising from15.7% (95%

UI, 15.0%-16.2%) in 2010 to 17.7% (95% UI, 16.8%-18.4%) in

2019. By contrast, age-standardized mortality rates declined

by −5.9% (95% UI, −11.0% to −0.9%) during this 10-year pe-

riod,withanannualizedrateofchangeof−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 216million (95%UI, 208-223million) in 2010 to

250 million (95% UI, 235-264 million) in 2019. The propor-

tion of estimated total global DALYs that were due to cancer

increased from8.4% (95%UI, 7.7%-9.0%) of total DALYs from

all causes in 2010 to9.9% (95%UI, 8.9%-10.9%) in 2019.Ade-

cline 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-

standardizedmortality and incidence rates from2010 to 2019

for total cancers, excluding NMSC, varied by location. During

this period, age-standardizedmortality rates decreased in 131

of 204 countries and territories (64.2%; Figure 3), and age-

standardized incidence rates decreased in 75 of 204 coun-

tries and territories (36.8%; Figure 4).

Trends during the last decade varied by type of cancer,

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).

Cancer Burden by SDI

CancerburdenvariedconsiderablyacrossSDIquintiles in2019

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.

InthehighSDIquintile in2019, therewere50.9million(95%

UI, 48.1-52.9million) DALYs estimated to be caused by cancer,

ofwhich94.5%(95%UI,93.1%-95.9%)werefromYLLsand5.5%

(95%UI, 4.1%-6.9%) from YLDs. Themost cases and the high-

est age-standardized incidence rateswere in thehighSDI quin-

tile (Table 2; Figure 5). Compared with GBD level 2 groups of

diseases and injuries, cancerwas the leading causeofYLLs and

DALYsinthehighSDIquintileandwastheleadingorsecondlead-

ing cause of deaths by age-standardized rate or absolute num-

ber, respectively. Inthehigh-middleSDIquintile, therewere63.5

million(95%UI,58.6-68.2million)DALYsestimatedtobecaused

Figure 1. Ranking of Total CancerAbsoluteDisability-Adjusted Life Years (DALYs) in 2019Among the 22 Level 2

Categories ofDisease in theGlobal BurdenofDisease (GBD) StudybyQuintile of Sociodemographic Index (SDI)

GBD level 2 cause of disease or injury

Cardiovascular diseases

Total cancers (excluding NMSC)

Maternal and neonatal disorders

Other noncommunicable diseases

Respiratory infections and tuberculosis

Musculoskeletal disorders

Mental disorders

Diabetes and kidney diseases

Unintentional injuries

Chronic respiratory diseases

Neurological disorders

Enteric infections

Digestive diseases

Transport injuries

Self-harm and interpersonal violence

Sense organ diseases

Neglected tropical diseases and malaria

HIV/AIDS and sexually trasmitted infections

Other infectious diseases

Nutritional deficiencies

Skin and subcutaneous diseases

Substance use disorders

393 (368-417)

249 (234-263)

199 (172-232)

153 (124-187)

153 (137-172)

150 (109-198)

125 (93.0-163.0)

113 (99.3-128.0)

104 (88.9-120.0)

104 (94.8-112.0)

97.7 (55.9-159.0)

96.8 (79.2-120)

89.0 (81.4-97.6)

77.6 (69.2-85.5)

67.9 (63.4-72.9)

66.1 (45.1-93.0)

62.9 (38.6-96.0)

56.2 (48.4-67.0)

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 andmale infertility;

gynecological diseases;

hemoglobinopathies and hemolytic

anemias; endocrine, metabolic,

blood, and immune disorders; oral

disorders; and sudden infant death

syndrome. The other infectious

diseases includemeningitis;

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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bycancer,ofwhich96.7%(95%UI,95.7%-97.6%)werefromYLLs

and3.3%(95%UI,2.4%-4.3%) fromYLDs.Thehigh-middleSDI

had the highest age-standardized rates of deaths and DALYs of

all SDI quintiles and the second highest age-standardized inci-

dence rate (Table 2; Figure 5).

ThemiddleSDIquintilehad thehighestnumberof cancer-

relatedDALYsanddeathsof anySDIquintile in2019,with 76.3

million (95%UI,69.7-83.2million)DALYsand2.88million (95%

UI,2.62-3.15million)deaths (Table2,Figure5).Of theSDIquin-

tiles, the middle SDI quintile had the largest total population

(eAppendix in the Supplement). For DALYs, 97.6% (95% UI,

96.8%-98.3%) came fromYLLs and2.4% (95%UI, 1.7%-3.2%)

fromYLDs. In the low-middleSDIquintile, therewere40.2mil-

lion (95%UI, 36.8-43.7million)DALYs estimated to be caused

bycancer in2019;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 fromYLLs

and 1.4% (95% UI, 1.1%-1.9%) from YLDs. The low SDI quin-

tilehad the lowestnumbers andage-standardized ratesof can-

cercasesanddeaths (Table2;Figure5). Incontrast to thehigher

rankings in other quintiles, cancerwas 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

quintile. For mortality, age-standardized rates increased from

2010 to 2019 in the low and low-middle SDI quintiles but

decreased in the middle to high SDI quintiles. For incidence,

age-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 quintile. While there was substantial heterogeneity

between countries and territories within the same SDI quin-

tile, 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 burdenof cancer,with patterns ofT
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Figure 2. Cancer Group Rankings by Disability-Adjusted Life Years (DALYs) in 2019 and Percentage Change From 2010 to 2019
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Figure 3. Annualized Rate of Change in Age-Standardized Total Cancer Incidence Rate

From 2010 to 2019 in Both Sexes
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burdendifferingbySDIquintile. In2019, cancer-relatedDALYs

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

Figure 4. Annualized Rate of Change in Age-Standardized Total CancerMortality Rate

From 2010 to 2019 in Both Sexes
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Figure 5. Total Cancer Incidence andMortality Age-Standardized Rates and Absolute Counts in 2019

and Annualized Rate of Change for Incidence andMortality in Age-Standardized Rates

and Absolute Counts From 2010 to 2019 by Sociodemographic Index (SDI) Quintile
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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 simi-

lar at −1.1% (95% UI, −5.8% to 3.5%) and mortality rates de-

creased by −5.9% (95% UI, −11.0% to −0.9%). These age-

standardizedmortality results suggest cautiousoptimismthat

someprogressmayhavebeenmade inearlydiagnosis andcan-

cer treatment globally during the last decade. However, ineq-

uities in the distribution and growthof cancer burden around

theworlddiminishthispotentialadvancementandsuggest that

an acceleration of efforts to effectively address cancer bur-

den are needed. Of particular concern, recent progress in re-

ducing age-standardized incidence andmortality rates seems

concentrated in higher SDI locations, while both rates are

still trendingupward in lowerSDI locations.The increasingage-

standardized incidence andmortality rates in lower SDI quin-

tiles may reflect several factors, including shifting popula-

tion age structures, increasing capacity for diagnosis and

registration of cancer cases and deaths, and changes in can-

cer risk factors, such as metabolic, behavioral, environmen-

tal, and occupational exposures. For example, changing pat-

ternsof smokingprevalencebySDIquintilemaybeparticularly

relevant to cancer burden,35 with a need for further smoking

reductionandtobaccocontrol initiatives inmanycountries.36,37

These differences in cancer burden across the SDI spectrum

suggest a need to tailor cancer control efforts to specific re-

source contexts and health systemneeds, 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 loca-

tions during the last decade. Consistent with this trend, fore-

casts of cancer incidence38 and mortality1 suggest a growing

burden in these locations, predicting that by 2040more than

two-thirds of the world’s cancers will occur in low-income

andmiddle-income countries.38 Increasing cancer burden in

already overburdened and underresourced settings is con-

cerning given existing disparities in health care access and

coverage.2,3,39Asmany incountrieswithin the lowerSDIquin-

tiles have insufficient access to cancer prevention services,

timely diagnosis, and comprehensive treatment, efforts to

strengthencancercontrol infrastructure, expandworkforceca-

pacity, and increase access to universal health coverage and

sufficient financial security will be crucial.3,40 The grouping

of countries bySDIquintile is notmeant to imply that all coun-

tries within an SDI quintile have equivalent capacity to pre-

vent, 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 quin-

tiles suggests that even as progress has been made in reduc-

ing age-standardized rates in some settings, globally there is

an expanding need for health care infrastructure that is ca-

pable of supporting the provision of effective diagnoses and

treatments for a growing number of patients with cancer.

While the traditional cancermetricsof incidenceandmor-

tality are crucial, DALY estimates provide perspective on the

healthy years of life lost because of cancermorbidity andmor-

tality globally. TheGBD2019 study found thatonaglobal level,

most cancer-related DALYs (96.9%; 95% UI, 96.0%-97.7%) in

2019camefromYLLs, suggesting that the totalhealth loss from

cancerwasprimarilyassociatedwithprematuredeath.Thisfind-

ing is a valuable reminder of the lives that prematurely ended

because of cancer globally and the importance of working to-

ward improved global survival outcomes.While YLDs contrib-

ute less to global DALYs, the percentage of DALYs estimated to

becausedbyYLDs increasedwith increasingSDIquintiles, rang-

ing from1.4%(95%UI, 1.1%-1.8%) in the lowSDIquintile to5.7%

(95%UI, 4.2%-7.1%) in the high SDI quintile. This greater com-

parative contribution of YLDs in higher SDI settings is con-

sistent with likely improved survival,41 given generally more

available access to cancer screening,42,43 diagnosis,44,45 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 toglobalhealthplanningascancer sur-

vival improves globally, and the support needs of survivors of

cancer should be considered as part of comprehensive cancer

control planning efforts.48,49

The contribution of cancers to total global DALYs esti-

mated to be caused bydisease and injury has increasedduring

thepastdecade, rising fromthirdplace in2010 to secondplace

in 2019, remaining behind only cardiovascular diseases. How-

ever, in high SDI settings, cancer-related DALYs have sur-

passed cardiovascular disease–related DALYs to become the

leadingcauseof totaldiseaseburdenin2019.Otherstudieshave

described cancer’s emerging prominence as the leading 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.4,50,51The

GBD 2019 study builds on this evolving global landscape of

cancer burden by demonstrating the comparative impor-

tance of cancer in high SDI settings not just for mortality,

but also when comparing the nonfatal burden of cancer 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 framework of

cost-effective and feasible interventions, such as the World

Health Organization’s best buys proposals for cancer pre-

vention, 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 awareness of socio-

cultural circumstances and previous cancer control imple-

mentation efforts. Lack of information about local cancer

epidemiology can be a substantial barrier 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.
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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 inmany locations. This includes time lags in data

availability, nonspecific cause of death data from vital regis-

tration systems, and ascertainment limitations of verbal au-

topsyreports.TheGBDaddressesthesedata limitationsthrough

data-seeking efforts, data processing corrections, andmodel-

ing approaches that incorporate geospatial and temporal

smoothing.Theseapproaches allowtheestimationof compre-

hensive results with appropriate uncertainty bounds. How-

ever, in years or locations where data were not available, esti-

matesreliedoncovariatesandmodelingparameters,whichmay

overestimateorunderestimate truecancerburden.Asdata can

be less available or reliable in locations within the lower SDI

quintiles,19 estimates should be interpreted with some cau-

tion. These data limitations reinforce the need for enhancing

cancer surveillance globally.61,62

Similarly, scarcity of age-specific and year-specific sur-

vival data requiresusingMIRs toestimate survival,whichmay

not approximate location-specific survival trends well. Years

livedwith disability are currently estimated based on 10-year

prevalence,whichmayunderestimate the lifelonghealth loss

and disability that some survivors of cancer experience, par-

ticularly for survivors of pediatric cancer.63 While the life-

long disability from treatment-related surgical procedures is

currently estimated for 5 cancers, other sources of long-term

disability in survivors of cancer havenot yet been captured in

these analyses. Finally, this study only estimated global can-

cer burden through 2019, and as suchdid not incorporate any

associationsof theCOVID-19pandemicwithglobal cancermor-

bidity andmortality. Assessing these associationswill be criti-

cal for future work on cancer burden, as the ongoing pan-

demic is likely todelayprogress in efforts to reducehealth loss

fromcancer globally throughdelays and reductions in screen-

ing, diagnosis, and treatment.8-12

Conclusions

This systematic analysis of theGBD2019 studyprovides com-

prehensiveandcomparable estimatesof cancerburdenworld-

wide, which were updated and improved from previous GBD

cycles. These estimates varied substantially by SDI quintile,

highlightingglobal inequities in cancerburden.While thehigh

SDIquintilehadthehighestestimatednumberof incidentcases

in2019, themiddleSDIquintilehadthehighestestimatednum-

ber of deaths and DALYs. During the last decade, cancer bur-

denhas grown the fastest in the lowand low-middle SDI quin-

tiles. Such estimates are vital for improving equity in global

canceroutcomesandmeetingkeySDGtargets for reducingcan-

cer and other noncommunicable disease burden.
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