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Abstract

Background: Rising cancer incidence, particularly for colorectal cancer, has been reported in young adults. This study examined
whether this is related to an increase in mortality.

Methods: We analyzed World Health Organization mortality data among young adults aged 25-49 years in 15 most populous upper-
middle and high-income countries from 1990 to 2021 with reliable data. Midyear populations were retrieved from the United Nations
for the American Countries and from the World Health Organization for the other countries. We compared age-standardized
mortality rates in 2019-2021 with those in 2009-2011 and performed joinpoint regression analysis for all cancers and selected most
common cancer sites: colorectum, pancreas, lung, and breast.

Results: In 2019-2021, the highest age-standardized mortality rates (per 100000) were in Romanian males (38.6) and Argentinian
females (45.9), while the lowest ones were in Japanese males (16.3) and females (22.7). Age-standardized mortality rates for colorectal
cancers increased in 2019-2021 compared with 2009-2011 in 9 countries among men and in 7 countries among women. The highest
increases were in the United Kingdom (males: +26.1%; females: +33.7%), Canada (males: +25.3%), and Mexico (males: +33.5%;
females: +29.7%). Long-term analysis over the last 3 decades showed declining trends in total cancer mortality in the majority of
countries, in lung cancer mortality across all countries, and in breast cancer in all countries except in Latin America.

Conclusions: Although mortality from common cancers has generally decreased over the past 3 decades, mortality from colorectal
cancer has increased in some countries. This highlights the need to control the obesity epidemic and implement targeted surveil-
lance strategies in young populations.

differentiation in histology; and rapid progression compared with
those diagnosed at later ages. The incidence of early onset can-
cers—defined as those diagnosed before the age of 50 years—has
been increasing over the past decades in the United States and in
some European countries for selected neoplasms.? These
included mainly colorectal cancer and other neoplasms associ-
ated to overweight, such as esophageal and gastric cardia adeno-

Introduction

Overall cancer mortality rates are declining in most high-income
countries because of reduced smoking prevalence, particularly in
men; advances in infection eradication and food processing
methods; improved screening and early diagnosis for common
and treatable cancers; and the availability of new treatment
options. However, a recent study reported an increase in the

global burden of cancer and premature deaths related to malig-
nancies in adults aged 35-64 years and noted that at current
rates, most countries are unlikely to meet the Sustainable
Development Goal 3.4, which aims to reduce mortality from non-
communicable diseases by one-third." However, most of these
cancer deaths occurred in people aged older than 50 years.

There are growing concerns, including in the media, about
increases in cancer diagnoses among young adults. These juve-
nile cancers are characterized by delayed detection; presentation
at an advanced stage, often through nonspecific symptoms; poor

carcinoma, as well as pancreatic, endometrial, and breast
cancers. The US Surveillance, Epidemiology, and End Results
(SEER) data have documented a 30% increase from 1973 to 2015
in cancer incidence rate among individuals aged 15-39years.’
Age-period-cohort studies also reported higher incidence rates in
the younger US generations as compared with the previous
ones.* Projections for 2030, based on Global Burden of Disease
(GBD) model-based estimates, suggest that the global number
of incidence cases and deaths from early onset cancers will
increase by 31% and 21%, respectively,” mainly because of
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population growth. Colorectal, kidney, and thyroid cancers
were the main cancers for which a substantial increase has
been observed. Data from national and regional European can-
cer registries also documented increases in colorectal cancer
incidence in some countries over the past 2 decades.®’

Cancer incidence data are affected by changes in diagnostic
practices and differences in cancer registration quality and com-
pleteness. However, such limitations are less pronounced for
mortality data, particularly in younger populations.®

We therefore evaluated cancer mortality rates over the last
decade and long-term mortality rates from early onset cancers
since 1990 in 15 most populous high- and middle-income coun-
tries worldwide.

Methods

We retrieved death counts for young adults aged 25-49years
from the World Health Organization (WHO) database® for all can-
cers combined and the 17 most common cancer sites, which
together accounted for more than 80% of cancer deaths in 2022
among young adults in high-income countries.’® These included
colorectum, pancreas, lung, breast, oral cavity and pharynx,
esophagus, stomach, liver, skin, uterus, ovary, testis, bladder,
kidney, Hodgkin lymphoma, non-Hodgkin lymphoma, and leuke-
mias. Because of the relatively low cancer rate at those ages, we
chose to include only the most populous countries (>15 million
inhabitants) with high data quality'’ with at least 500 cancer
deaths registered during the last triennium. Additionally, coun-
tries with civil registration coverage of cause of death, less than
90% were excluded. From Europe, we included France, Germany,
Italy, the Netherlands, Poland, Romania, Spain, and the United
Kingdom; from North and South America, we included Canada,
the United States, Mexico, Argentina, and Brazil; and we included
Japan and Australia from Australasia. Midyear resident popula-
tion estimates for American countries were extracted from the
United Nations Population Division database,' while those for
European and Australasian countries were obtained from the
WHO database or, when the European data were missing, from
the EUROSTAT database.™®

Statistical analysis

To assess changes in cancer mortality over the last decade, we
compared the age-standardized mortality rates per 100 000 mid-
year population between the periods 2009-2011 and 2019-2021.
The age-standardized mortality rates were calculated for the 25-
49 years age group, using the world standard population.’* We
reported the percent changes in rates between the 2 triennia
with the corresponding 95% confidence intervals. Additionally, to
evaluate long-term trends, we performed a joinpoint regression
analysis™ on mortality data from 1990 to the most recent year
available for all cancers combined, as well as for most common
cancers (colorectal, pancreatic, lung, and breast cancers), which
overall account for approximately 50% of total cancer deaths in
young adults in the selected countries. Joinpoint analysis for less
common cancers was not performed because of the limited num-
ber of deaths registered each year in several countries. Joinpoints
were identified by iterative testing, ranging from zero to a maxi-
mum of 5 joinpoints. Using the final selected model obtained
from the joinpoint analysis we also provided the annual percent
change for each identified linear segment and the weighted aver-
age annual percent change over the entire study period.
Age-standardized mortality rates from all cancers and most
common cancers were compared with age-standardized

incidence rates obtained from the Global Cancer Observatory of
the International Agency for Research on Cancer for the calendar
years 2010 and 2017 (Tables S3 and S4).*

Statistical analyses were performed using the software R
version 4.3.2 (R Development Core Team, 2017), SAS version 9.4
(SAS Institute Inc, Cary, NC, USA), and Joinpoint Regression
Program version 5.1.0.0 (Statistical Methodology and
Applications Branch, Surveillance Research Program, National
Cancer Institute).

This study follows the Guidelines for Accurate and
Transparent Health Estimates Reporting for reporting global
health estimates.”

Results

Table 1 and Table 2 give the annual average number of deaths
from all cancers and most common cancer sites among males
and females aged 25-49 years, registered for the periods 2009-
2011 and 2019-2021. These tables also include the age-
standardized mortality rates per 100000 and the percent changes
between the 2 periods with the corresponding 95% confidence
intervals. Figure 1 shows a ranking of countries based on the age-
standardized mortality rate for 2019-2021.

Figures 2-6 give the trends in age-standardized mortality rates
from all cancers combined, colorectal, pancreatic, lung, and
breast cancers, along with the fitted lines obtained from the join-
point models. Annual percent changes are reported in Tables S1
and S2.

All cancers

In 2019-2021 among males, Romania showed the highest age-
standardized mortality rate (38.6/100 000), while Japan had the
lowest rate (16.3; Tables 1 and 2 and Figure 1). Male age-
standardized mortality rates were lower in 2019-2021 than in
2009-2011 in all countries except Mexico (+6.7%). In 2019-2021,
female age-standardized mortality rates ranged from 22.7 in
Japan to 45.9 in Argentina. Age-standardized mortality rates
were lower in the most recent triennium as compared with 2009-
2011 in all countries with the exception of Argentina (+4.7%) and
Mexico (+2.7%).

Over the period 1990-2021, the age-standardized mortality
rates declined across all countries considered and both sexes,
except for Mexico and Argentina for females, where the declining
trends halted in the mid-2000s, and in Mexican and Brazilian
females, whose mortality remained stable (Figure 2).

Colorectal cancer

In 2019-2021, age-standardized mortality rates per 100000 from
colorectal cancer ranged from 2.4 in France and Spain to 4.1 in
the United States for males and from 2.0 in Spain to 3.5 in the
United Kingdom for females (Tables 1 and 2 and Figure 1).
Compared with the period 2009-2011, age-standardized mortality
rates in 2019-2021 increased in Italy (+3.4% in males), the
Netherlands (+6.0% in males), the United Kingdom (+26.1% in
males and +33.7% in females), Canada (+25.3% in males and
+4.5% in females), the United States (+13.7% in males and +5.6%
in females), Argentina (+5.3% in males and +10.8% in females),
Brazil (+10.6% in males and +6.5% in females), Mexico (+33.5%
in males and +29.7% in females), and Australia (+11.5% in males
and+13.9% in females).

Over the last 3 decades, trends in colorectal cancer mortal-
ity in young adults have been declining in France, Poland,
Spain, and Japan (Figure 3). Conversely, upward trends were
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Figure 1. Bar plots reporting the age-standardized (world standard population) mortality rates during 2019-2021 from all cancers, colorectal,
pancreatic, lung, and breast cancers with the percent change in rates as compared with 2009-2011 among males and females aged 25-49 years in 15
upper-middle and high-income countries. ASMR = age-standardized mortality rate.

observed in the United Kingdom, Canada, the United States,
and Australia, where death rates have appreciably increased
since the mid-2000s for both sexes. In Mexico, Argentina, and
Brazil, age-standardized mortality rates have increased over

since 1990.

the entire period. In Germany and among men in Italy, the
declining trends observed in the 1990s and early 2000s have
leveled off. In the Netherlands, rates have remained stable
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Figure 2. Joinpoint analysis of age-standardized (world standard population) mortality rates from all cancers combined per 100 000 population aged
25-49years in 15 upper-middle and high-income countries by sex. ASMR = age-standardized mortality rate.
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Pancreatic cancer

In 2019-2021, age-standardized mortality rates per 100000 from
pancreatic cancer ranged from 1.0/100 000 in Mexico to 2.0
deaths in Romania for males, whereas rates for females were
almost similar in all countries, with values less than or equal to
1.0 (Tables 1 and 2 and Figure 1). Higher mortality rates were
observed in 2019-2021 than in 2009-2011 in France (+7.2% in
females), Italy (+9.3% in females), the United Kingdom (+4.7% in
females), the United States (+1.4% in males), Brazil (+10.0% in
males and +10.8% in females), Mexico (+1.0% in males), Japan
(+8.0% in females), and Australia (+8.7% in males).

Pancreatic cancer mortality trends between 1990 and 2021
were favorable or stable for both sexes in most countries, except
for some upward trends in Brazil among both sexes, in France
and Italy among females, and in Argentina in men in the last
quinquennium (Figure 4).

Lung cancer

In 2019-2021, the highest age-standardized mortality rate per
100000 from lung cancer in males was in Romania (6.9), and the
lowest one was in Mexico (1.2; Tables 1 and 2 and Figure 1).
Among females, the highest rates in 2019-2021 were in Romania
and France (3.2), and the lowest was in Mexico (1.0). Compared
with 2009-2011, substantial decreases in age-standardized mor-
tality rates were observed in both sexes and all countries consid-
ered.

All selected countries showed a decreasing trend in lung can-
cer mortality over the period 1990-2021 (Figure 5), with more pro-
nounced decreases observed in males. The only exception was
among Romanian females, who showed a slight upward trend
over the entire period considered (Table S2).

Breast cancer

In 2019-2021, age-standardized mortality rates per 100000 from
breast cancer varied from 5.7 in Japan to 11.1in Argentina (Tables 1
and 2 and Figure 1). Compared with the period 2009-2011, all coun-
tries considered showed lower mortality rates, except for Argentina
(+8.0%), Brazil (+10.4%), and Mexico (+8.4%).

Over the period 1990-2021, the age-standardized
mortality rates appreciably declined in all selected countries
with the exception of Latin American countries (Figure 6).
In Argentina and Mexico, mortality rates started to
increase since around 2010, whereas in Brazil since around
2000.

Other cancer sites

Tables S5 and S6 give the annual average number of deaths
and age-standardized mortality rates per 100000 in selected
countries from oral cavity and pharynx, esophageal, stomach,
liver, skin, testis, bladder, kidney cancers, Hodgkin lymphoma,
non-Hodgkin lymphoma and leukemias, respectively, among
males and females aged 25-49years for the periods 2009-2011
and 2019-2021, along with the corresponding percent changes.
Compared with the period 2009-2011, most of the selected coun-
tries showed favorable trends in mortality rates.

Discussion

Our study, which includes major upper-middle and high-income
countries worldwide, found declining trends in mortality from
total cancers and several cancer sites in young adults over the
last 3 decades. However, we also documented increased trends
for colorectal cancer mortality rates in 2019-2021 compared with

2009-2011 in 9 countries among men (Italy, the Netherlands, the
United Kingdom, Canada, the United States, Argentina, Brazil,
Mexico, and Australia) and in 7 countries among women (the
United Kingdom, Canada, the United States, Argentina, Brazil,
Mexico, and Australia). Additionally, higher mortality rates from
pancreatic cancer in 2019-2021 were noted in 4 countries among
men (the United States, Brazil, Mexico, and Australia) and in 5
countries among women (France, Italy, the United Kingdom,
Brazil and Japan).

Our results on mortality contrast with reports of rising cancer
incidence in young adults in most of the countries included in
our analysis.>>*® Caution is required when interpreting inci-
dence trends because of general improvements in registration.®
The incidence of selected neoplasms—such as breast, thyroid,
and to a lesser extent, lung, colorectum, prostate, and uterus—is
influenced by earlier and improved diagnosis, even in those aged
younger than 50 years and in the absence of organized screening
programs. Additionally, lifestyle factors associated with obesity
and diabetes likely contributed to the rising incidence of colorec-
tal and pancreatic cancers in young adults thereby affecting mor-
tality trends in some countries.”®*?

Globally, colorectal cancer is the second leading cause of can-
cer death and the leading cause among nonsmokers of both
sexes.'® Whereas there have been persistent declines in mortality
across all ages and both sexes in Europe and the United States,
recent upward trends have been observed among young
adults.’®?! In the United States, among those younger than 50
years, colorectal cancer is the leading cause of cancer death
among men and the second leading among women.?

A family history of colorectal cancer and adenomatous polyps,
as well as a diagnosis of inflammatory bowel disease, are predis-
posing factors for developing colorectal cancer, particularly
among young adults.?

Nonetheless, the major drivers of the recent upward trends
are likely the unfavorable changes in some known risk factors
(obesity, sedentariness, and western dietary patterns), at times
not counterbalanced by access to early detection services.

Overweight and obesity are key risk factors,”* with excess
body weight contributing to approximately 30% of new cases in
the United States from 1992 to 2016.%° Given the global increase
in overweight and obesity prevalence across all ages and both
sexes since 1980,%° these factors are likely the major drivers of
the recent upward trends.””?® In the 20-39 years age group, in
both sexes, countries like the United Kingdom, Canada, the
United States, and Mexico, where increases in colorectal cancer
mortality have been observed, also showed substantial rises in
the prevalence of obesity in the young when comparing data
from 1990 to 2022.%° Alcohol consumption, diabetes, a sedentary
lifestyle, and a Western-style diet have also been related to early
onset colorectal cancer.?*#°

The disparity in mortality trends among younger groups com-
pared with older groups has been mainly attributed to the
absence of organized screening programs in individuals aged
younger than 50 years. Additionally, younger patients may
present with nonspecific colorectal symptoms, leading to delays
in diagnosis, even in high-income countries, and tend to develop
more aggressive histotypes characterized by rapid progression.®!
In fact, a higher percentage of patients younger than 50 years are
diagnosed with advanced cancer than older patients, probably
because of the lack of screening and the prevalence of nonspe-
cific symptoms in this age group.***? A study from the Stanford
Cancer Institute found that 72% of young-onset colorectal cancer
cases (diagnosed before age 50 years) were at an advanced stage
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Figure 4. Joinpoint analysis of age-standardized (world standard population) mortality rates from pancreatic cancer per 100000 population aged 25-
49years in 15 upper-middle and high-income countries by sex. ASMR = age-standardized mortality rate.
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Figure 5. Joinpoint analysis of age-standardized (world standard population) mortality rates from lung cancer per 100 000 population aged 25-49 years
in 15 upper-middle and high-income countries by sex. ASMR = age-standardized mortality rate.
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Figure 6. Joinpoint analysis of age-standardized (world standard population) mortality rates from breast cancers per 100000 females aged 25-49 years
in 15 upper-middle and high-income countries. ASMR = age-standardized mortality rate.
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compared with 63% of those diagnosed in individuals aged older
than 50 years.*!

We observed some upward trends in mortality from pancre-
atic cancer, which have also been detected in incidence data for
countries such as France and the United Kingdom among
females, but not in Japan among females or in Australia among
males (Tables S3 and S4).°*3! Consistent with our results, a
study from the United States found that mortality from pancre-
atic cancer remained stable over the last 2 decades among young
adults.* Despite reductions in smoking rates in high-income
countries, increasing trends in the prevalence of obesity, diabe-
tes, and alcohol consumption may have contributed to the
unfavorable incidence rates.*®?’ Younger patients are more
likely to receive treatment than their older counterparts.®®
However, because of its limited response to therapy and rapid
progression, the prognosis of pancreatic cancer remains poor,
with less than 10% of patients surviving beyond 5years.?®*
Thus, trends in mortality consistently reflect those in incidence.

Lung cancer mortality has declined in most countries,’® but
rates in Central and Eastern European countries have remained
higher compared with other countries considered for both
sexes.*® Smoking control policies are reflected in lung cancer
mortality trends starting from young adults, which therefore rep-
resent an important indication for future trends in middle and
elderly population in the absence of widespread smoking cessa-
tion.? The decline in mortality among women was not as pro-
nounced as that for men, likely reflecting the different patterns
of cessation, with smoking prevalence in women peaking later
than in men.*! Romanian women did not show a decrease in
rates, and Polish women reported persistently high mortality
from lung cancer, though leveling off over recent years.

Breast cancer is the leading cause of cancer deaths among
women aged younger than 50 years, accounting for approxi-
mately 25% of overall cancer deaths in this age group. Over the
past decade, most countries showed favorable trends in breast
cancer mortality, with the exceptions of Mexico, Brazil, and
Argentina. Delayed diagnosis, together with limited access to
innovative treatments, have an impact on breast cancer mortal-
ity.*?> Moreover, younger women more often develop aggressive
breast cancers, which are associated with a higher risk of recur-
rence and death.*® Risk factors for breast cancer include early
menarche, late first pregnancy, nulliparity, and absence of
breastfeeding.** No appreciable improvement was observed in
those risk factors in the countries considered over the last deca-
des. Besides, changes in reproductive factors, physical inactivity,
alcohol consumption, and Westernization of diet may have
played a role in the rising incidence of premenopausal breast
cancer observed in selected countries during the last decades.>**
However, early diagnosis has likely contributed to increased inci-
dence and decreased mortality from breast cancer among young
women.*®* According to the International Agency for Research
on Cancer estimates (Tables S3 and S4), breast cancer incidence
has shown a stable or slightly increasing trend worldwide over
the last decade. This divergence between mortality and incidence
trends is likely due to effective treatment and improved disease
management.*#>°

Compared with cancer patients diagnosed at older ages, survi-
vors diagnosed at a young age face additional health problems
later in life such as infertility, cardiovascular disease, and cancer
recurrence.”** Moreover, a diagnosis of a juvenile tumor could
prevent or limit the possibility of obtaining loans or insurance in
a market-oriented health-care system. Therefore, despite repre-
senting a minority of all cancer cases, the social and health

burden of a diagnosis and cancer deaths at ages younger than
S0years are of particular relevance.

Our study provides a comprehensive and updated analysis of
patterns and temporal trends in cancer mortality in young
adults, filling a gap in existing research. The analysis is based on
the most updated and reliable official mortality data provided to
the WHO by national statistics offices. To enhance the robust-
ness of our analyses, we restricted our study to major countries
with high data coverage and good data quality.

The main limitation of this study is the exclusion of certain
countries and regions, such as China, India, other Asian coun-
tries, African countries and some South American countries,
because of low data availability and/or quality.>* Additionally,
the low number of deaths from less common cancers made it dif-
ficult to precisely estimate their mortality changes over time.

In conclusion, overall cancer mortality in young adults
decreased over the last 3 decades. The reduction in mortality
from the most common cancers in both sexes likely reflects
advancements in cancer prevention (mainly tobacco control),
along with improvements in diagnosis and treatment. Colorectal
cancer mortality in the young, however, has increased in several
middle- and high-income countries. This highlights the need for
surveillance strategies targeted to high-risk individuals, such as
those with a family history of colorectal cancer and obese
patients, as well as the promotion of healthy lifestyles, including
body weight control, and equitable access to effective therapies.
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