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Abstract

Background: Although adolescent and young adult (AYA) cancers represent a unique spectrum of malignancies,
epidemiological studies of cancer incidence often group AYAs together with younger or older populations, obscuring patterns
specific to this population. Methods: We examined AYA cancer incidence trends in 41 countries over a 15-year period using
the CI5plus database. Truncated age-standardized incidence rates were calculated and the annual percentage change was
assessed, with statistical significance corresponding to a 95% confidence interval that does not include zero. Results: From
1998 to 2012, the 41 included countries contributed a total of 1 846 588 cancer cases and 3.1 billion person-years among AYAs.
Although statistically significant increases in the overall cancer burden were observed in 23 countries, the magnitude varied
considerably, with the greatest increase in incidence observed in South Korea (annual percentage change2002–2012 ¼ 8.5%, 95%
confidence interval¼7.6% to 9.4%) due to thyroid cancer. Notable trends included sharp increases in the incidence of obesity-
related malignancies among AYAs; indeed, statistically significant increases were observed among AYAs for 10 of 11 and 9 of
11 obesity-related cancer sites in the US and UK, respectively, with at least five obesity-related cancers statistically signifi-
cantly increasing in Canada, Japan, South Korea, Australia, and the Netherlands. Other striking trends were noted for thyroid
and testicular cancer, with statistically significantly increasing rates observed in 33 and 22 countries, respectively, whereas
statistically significant declines in incidence were observed for smoking-related cancers, cervical cancer, and Kaposi sarcoma
in many countries. Conclusions: : Our results highlight the future health-care needs related to treatment as well as the ur-
gency for public health initiatives that can mitigate the increasing burden of cancer in AYAs.

Cancer during adolescence and young adulthood represents a
substantial disease burden, with an estimated 1.2 million can-
cer cases and 400 000 cancer-related deaths occurring among
15- to 39-year olds in 2018 (1). Although it is well recognized
that adolescent and young adult (AYA) cancers represent a
unique spectrum of malignancies (2), epidemiological studies
often obscure patterns specific to this population by grouping
AYAs with children or older adults. As prior work examining
the global burden of cancer incidence and mortality among
young adults found not only differences compared with older
and younger groups but also substantial variation by age, sex,
and geographical region (3), a broad analysis of international
trends in the incidence of AYA cancers is needed to plan and

evaluate health-care initiatives, including prevention and de-
tection strategies. Thus, in this study, we characterize the
changing cancer burden by examining trends in AYA cancer in-
cidence over a 15-year period across 41 countries in order to in-
form clinicians and researchers and identify priorities for
health-care policy.

Methods

Data Sources

Following the recommendations of the Adolescent and Young
Adult Oncology Progress Review Group, we define AYA cancers
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as those that occur between the ages of 15 and 39 years (4).
Cancer incidence data, and corresponding population at risk
data, for this age range were obtained from the International
Agency for Research on Cancer’s CI5plus database (http://ci5.
iarc.fr/CI5plus). Data were available for all cancers combined ex-
cept nonmelanoma skin cancer (ICD-10: C00-96, except C44) and
the following 29 cancer sites/types: lip, oral cavity, and pharynx
(C00-14); esophagus (C15); stomach (C16); colon (C18); rectum
and anus (C19-21); liver and intrahepatic bile ducts (C22); gall-
bladder and extrahepatic ducts (C23-24); pancreas (C25); larynx
(C32); trachea, bronchus, and lung (C33-34); bone (C40-41); mela-
noma of skin (C43); Kaposi sarcoma (C46); connective and soft
tissue (C47 and C49); female breast (C50); cervix uteri (C53); cor-
pus uteri (C54); ovary (C56); prostate (C61); testis (C62); kidney
and renal pelvis (C64-65); bladder (C67); eye (C69); brain and cen-
tral nervous system (C70-72); thyroid (C73); Hodgkin lymphoma
(C81); non-Hodgkin lymphoma (C82-86, C96, B21); multiple mye-
loma and immunoproliferative diseases (C88 and C90), and leu-
kemia (C91-95).

Because the purpose of this study was to assess trends in
AYA cancer incidence, we included only registries with data for
the entire 15-year study period of 1998–2012. Ultimately, 41 of
the 43 countries in CI5plus were included (Supplementary Table
1, available online); 18 of these countries were covered nation-
ally and 23 countries were represented by one or more subna-
tional registries, which combined covered various proportions
of the AYA population in the defined area.

Statistical Analyses

Incidence was calculated by summing the number of new cases
occurring during our study period by cancer type, country, sex,
and ethnicity where appropriate. Truncated age-standardized
incidence rates (ASR), by cancer type, country, sex, and ethnic-
ity, were calculated as the number of cases among individuals
aged 15–39 years divided by the corresponding number of
person-years at risk per 100 000 using the World Standard
Population as proposed by Segi (5) and modified by Doll and col-
leagues (6).

To assess the average annual percentage change (AAPC) in
cancer incidence among AYAs, we used Stata 15.1 statistical soft-
ware to fit the natural logarithm of the incidence with incidence
year using generalized linear regression models with a Poisson
distribution in which 95% confidence intervals (CI) were used to
determine statistically significant changes; trends were consid-
ered stable if they did not reject the null hypothesis, which corre-
sponded to zero lying within the AAPC 95% confidence interval.
Additionally, the Joinpoint Regression Program (version 3.5.3) was
used to check for statistically significant changes in the AAPC
during the study period. Because it is recommended that at least
seven data points be observed to consider allowing a joinpoint (7),
a maximum of two joinpoints was allowed in this 15-year analy-
sis. The Monte Carlo Permutation method was used to test for sta-
tistically significant differences between each segment (8).
Differences in the AAPC between sexes, or the average percentage
change (APC) across joinpoints, were assessed by comparing 95%
confidence intervals, where nonoverlapping 95% confidence
intervals were statistically significantly different.

Results

From 1998 to 2012, the 41 included countries contributed a total
of 1 846 588 new cancer cases and 3.1 billion person-years

among 15- to 39-year olds, with exact numbers of cases and av-
erage ASR for the study period shown in Table 1. When the an-
nual ASRs were assessed for all cancer combined, vast
differences were observed in the incidence trend for all cancers
combined (Figure 1). Overall, the incidence of AYA cancer rose
over the study period in 23 countries, decreased in two coun-
tries, and remained stable in the other 16 (Figure 2A;
Supplementary Table 5, available online). The sharpest increase
in incidence was seen in the Republic of Korea beginning in
2002 (APC2002–2012 ¼ 8.5%, 95% CI ¼ 7.6% to 9.4%) (Supplementary
Table 6, available online). When assessed by sex (Tables 2 and
3), the AAPCs generally corresponded with the overall AAPC in
each country.

Increases in the incidence of thyroid cancer were seen in 33
of the 41 countries studied (Figure 2B; Supplementary Table 5,
available online); of these 33 countries, the significant increases
observed for thyroid cancer were noted for females in all coun-
tries, and in males for 22 countries (Table 2). Among the coun-
tries that experienced a statistically significant increase in
thyroid cancer incidence, the lowest AAPC was observed in
females in Belarus (2.4%, 95% CI ¼ 1.2% to 3.6%). AAPCs of 10–
20% were seen in Chile (females), Ecuador (males), China
(males), Turkey (males and females), Cyprus (males), Ireland
(females), and Lithuania (males), and an AAPC greater than 20%
was seen in both males and females in the Republic of Korea.
Interestingly, the AAPC increased at a higher rate in males than
females only in China and the Republic of Korea. When
assessed using joinpoint regressions, there was an indication of
a deceleration in the increase of thyroid cancer incidence in
Canadian females, and the initial increase was replaced by a
stable trend in both sexes in the USA (white), Lithuania, and
Slovenia (Supplementary Table 6, available online). Conversely,
the percentage change increased towards the end of the period
assessed for Chinese females and Norwegian males.

For testicular cancer, incidence increased among AYA males
in 22 countries (Figure 2C; Table 2); these countries were from
South and North America, Asia, all parts of Europe, and
Oceania. Statistically significant increases ranged from an AAPC
of 0.6% (95% CI ¼ 0.4% to 0.9%) in American AYAs to over 5% in
Japan (AAPC ¼ 6.2%), Kuwait (AAPC ¼ 10.5%), the Republic of
Korea (AAPC ¼ 6.9%), Turkey (AAPC ¼ 5.4%), and Poland (AAPC
¼ 5.7%).

Results pertaining to the incidence of cervical cancer were
mixed (Figure 2D; Table 3). The incidence of cervical cancer de-
creased among AYA females in Brazil, Colombia, the United
States, India, the Philippines, the Republic of Korea, Thailand,
Austria, Bulgaria, the Czech Republic, France, Poland, Slovenia,
Spain, and New Zealand. The sharpest declines (ie, at least �5%
per year) were seen in Brazil, India, Poland, and Slovenia. In
contrast, increases in cervical cancer incidence among AYAs
were seen in China, Japan, Turkey, Belarus, Ireland, Norway,
and the UK. In joinpoint regressions, there was also some indi-
cation that the incidence of cervical cancer started to increase
more recently among young females in the Netherlands
(APC2002–2012 ¼ 3.1%, 95% CI ¼ 1.3% to 4.9%) and Australia
(APC2001–2012 ¼ 2.7%, 95% CI ¼ 1.4% to 4.0%) (Supplementary
Table 6, available online).

When assessed for both sexes combined, the incidence of
colon cancer was either stable (n¼ 24) or increasing (n¼ 17) for
all countries investigated (Figure 3A; Supplementary Table 5,
available online). When assessed by ethnicity, the statistically
significantly increasing incidence in the United States was ob-
served only in white Americans (AAPC ¼ 2.4%, 95% CI ¼ 2.0% to
2.7%). Colon cancer in the UK was observed to increase at a
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Figure 1. Annual truncated age-standardized incidence rates for all cancers combined, excluding nonmelanoma skin cancer, among 15- to 39-year olds by world

region.

Figure 2. Average annual percentage change for all cancers, thyroid cancer, testicular cancer, and cervical cancer. A) All cancers combined, excluding nonmelanoma

skin cancer for both sexes combined. B) Thyroid cancer for both sexes combined. C) Testicular cancer for males. D) Cervical cancer for females.
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particularly rapid rate, with the APC increasing from �2.4% (95%
CI ¼ �11.3% to 7.5%) in 1998–2001 to 27.6% (95% CI ¼ 12.3% to
45.1%) in 2010–2012 (Supplementary Table 6, available online).
Similarly, in Australia the increase was limited to the period of
2006–2012 (AAPC ¼ 9.0%, 95% CI ¼ 5.0% ¼ 13.2%). Although the
majority of these increases were observed in both sexes, in
Kuwait colon cancer was statistically significantly increasing
among males (AAPC ¼ 8.1%, 95% CI ¼ 2.4% to 14.2%) (Table 2)
and statistically significantly decreasing among females (AAPC
¼ �8.4%, 95% CI ¼ �14.7% to �1.6) (Table 3).

A similar pattern was seen for the incidence of rectal and
anal (rectoanal) cancers, where 10 of the countries that experi-
enced increases in colon cancer also observed increases for this
cancer (Figure 3B; Supplementary Table 5, available online). In
the United States, the increase in rectoanal cancers was ob-
served in both black and white populations. Interestingly, when
assessed by subtype for both sexes combined, there was an in-
dication that the increases were primarily due to rectal cancers
(ICD-10: C19-20), with 10 countries observing increasing inci-
dence rates. Increases in anal cancers (ICD-10: C21) were ob-
served in only Uganda and Japan, with the United States, Spain,
and Thailand observing statistically significant declines in anal
cancer (Supplementary Table 7, available online). Although
most countries observed a linear pattern in the AAPC for our
study period, the rectoanal trend switched from a declining or
stable rate to an increasing rate more recently in Thailand (both
sexes), Japan (females), and Lithuania (females), and for
American males the rates was observed to stabilize from 2008
onwards (Supplementary Table 6, available online).

With the exception of the Philippines, breast cancer among
AYAs was increasing (n¼ 19) or stable (n¼ 21) in all countries
assessed (Figure 3C; Table 3), with increases primarily observed
in Western and Eastern Europe and Asia. Among countries
experiencing statistically significantly increasing breast cancer
rates, the AAPC ranged from 0.4% (95% CI ¼ 0.0% to 0.7%) in
Australia to 5.0% (95% CI ¼ 4.2% to 5.8%) in the Republic of
Korea.

The incidence of kidney and renal pelvis cancer among
AYAs increased in 17 countries, decreased in the Philippines,
and remained stable in 23 countries (Figure 3D; Supplementary
Table 5, available online). For each of the countries experiencing
statistically significant increases, incidence increased on

average by at least 2% each year when sexes were combined,
with the greatest increase occurring in China (AAPC ¼ 7.9%, 95%
CI ¼ 6.3% to 9.5%). When assessed by sex, the AAPC was compa-
rable for all countries, except China where males (AAPC ¼
10.8%, 95% CI ¼ 9.2% to 12.3%) had a statistically significantly
higher AAPC compared with females (AAPC ¼ 4.3%, 95% CI ¼
1.6% to 7.0%) (Tables 2 and 3). Interestingly, the increasing inci-
dence in the United States stabilized from 2008 onwards, with a
deceleration observed among white American males and
females (Supplementary Table 6, available online).

Increases were also observed in other obesity-related can-
cers, including uterine (12 countries), pancreatic (10 countries),
gallbladder (seven countries), and liver (six countries) cancer
(Supplementary Table 5, available online). No statistically sig-
nificant differences in the AAPCs were observed between sexes
(Supplementary Tables 8 and 9, available online).

Substantial decreases in the incidence of lung cancer were
seen for both sexes in Canada, the United States, Bahrain,
China, Israel, the Republic of Korea, Turkey, Bulgaria, Croatia,
the Czech Republic, and Spain (Supplementary Table 5, avail-
able online). This decrease was largely restricted to male
AYAs (Figure 4, A and B; Supplementary Table 7, available on-
line), although the AAPC was only statistically significantly
different between males and females in Bahrain, China,
Turkey, and the Czech Republic. Notably, in the United States,
the decreasing AAPC was more substantial among blacks
than whites when assessed overall and in females only
(Supplementary Tables 5, 8, 9, available online). For females,
statistically significant increases in lung cancer incidence
were observed only in Australia (AAPC ¼ 2.0%, 95% CI ¼ 0.1%
to 3.8%) and Japan (AAPC ¼ 3.0%, 95% CI ¼ 0.3% to 5.8%), al-
though, again, the AAPC was not statistically significantly dif-
ferent than that observed in males (Supplementary Table 9,
available online).

Declines for other smoking-related cancers were also noted
in AYAs (Supplementary Table 5, available online). In particular,
12 countries experienced declines in laryngeal cancer, and nine
countries experienced statistically significant declines in blad-
der cancer. Results were less consistent for lip, oral cavity, and
pharyngeal cancers, however, with four countries experiencing
declines and 10 countries experiencing increases in incidence
over our study period.

Figure 3. Average annual percentage change of colon cancer, rectoanal cancer, breast cancer, and kidney and renal cancer. A) Colon cancer for both sexes combined. B)

Rectoanal cancer for both sexes combined. C) Breast cancer among females. D) Kidney and renal for both sexes combined.
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Declines were also noted for Kaposi sarcoma in eight coun-
tries for both sexes (Supplementary Table 5, available online).
Within the United States, the rate of Kaposi sarcoma among
AYAs decreased more substantially in whites (AAPC ¼ �5.6%,
95% CI ¼ �6.5% to �4.7%) than in blacks (AAPC ¼ �2.2%, 95% CI
¼ �3.1% to �1.3%). Conversely, Kaposi sarcoma statistically sig-
nificantly increased among AYAs in the Republic of Korea,
Thailand, and Ecuador by 10.9% (95% CI ¼ 1.6% to 20.9%), 9.0%
(95% CI ¼ 1.6% to 17.0%), and 8.1% (95% CI ¼ 1.2% to 15.4%) on
average annually, respectively.

The final notable finding is the wide variation in trends for
skin melanoma by sex and country. Whereas 12 European coun-
tries and Turkey experienced increases in the burden of this
cancer for both sexes, notable annual decreases ranging from
2.3% to 6.7% were observed in the United States (black), Israel,
Kuwait, Germany, Iceland, Australia, and New Zealand
(Supplementary Table 5, available online).

Discussion

Examining variations in international trends of cancer inci-
dence allows for the anticipation of the future cancer burden,
generation of hypotheses regarding etiology, and evaluation of
both primary prevention strategies and changes in diagnostic
practice. These are important for AYAs, a population that is un-
derrepresented in cancer research despite their unique health-
care needs (9). Studying AYAs separately thus ensures that
trends specific to this population are not masked by the larger
absolute burden of cancer in older adults.

An important example concerns rates of colorectal cancer,
which in the general population have stabilized or are

decreasing in most high-income countries (10). Previous studies
have noted, however, that these declines are restricted to older
adults and that rates among young adults are increasing
sharply (11). Our results indicate that a similar pattern is seen
across multiple countries in Northern Europe, North America,
and Oceania. Obesity is a well-known risk factor for colorectal
cancer (12), and thus increasing rates of both childhood and
adult obesity (13,14) are likely to be one driving factor behind in-
creasing AYA rates (12,13,15).

Consistent with this hypothesis, our results show that the
incidence of other obesity-related malignancies have also sta-
tistically significantly increased in AYAs in a number of coun-
tries. Currently, as classified by the International Agency for
Research on Cancer in 2016, there is strong evidence that excess
body weight is causally linked to the following cancer sites:
esophagus, gastric cardia, colon and rectum, liver, gallbladder,
pancreas, postmenopausal breast, corpus uteri, ovary, kidney,
meningioma, thyroid, and multiple myeloma (12). Indeed,
among the 11 obesity-linked cancer sites that can occur among
AYAs and were investigated in this study (ie, excluding post-
menopausal breast cancer and meningioma), statistically signif-
icant increases were observed in the United States and UK for
10 and nine cancer sites, respectively, with at least five obesity-
related cancers statistically significantly increasing in Canada,
Japan, the Republic of Korea, Australia, and the Netherlands.
Our findings thus support the hypothesis that the etiology of
these cancers may be related to obesity or related risk factors
(eg, low physical activity, poor nutrition). Prevention or treat-
ment of obesity in both childhood and early adulthood may
blunt future increases in AYA cancer incidence.

Substantial increases in thyroid cancer rates were also seen
in AYA across the clear majority of countries studied. Previous

Figure 4. Average annual percentage change of lung cancer: A) males and B) females.
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studies have attributed this alarming explosion of cases to over-
diagnosis, citing the large increases in indolent cases, wide-
spread use of diagnostic ultrasounds and fine-needle aspiration
biopsies (16), and generally stable mortality rates. In the case of
the Republic of Korea, overdiagnosis is almost certainly a con-
tributing cause of the rising thyroid cancer burden among AYA
as thyroid cancer screening was added as an inexpensive add-
on to the list of screening tests offered nationally by the govern-
ment (17); indeed, when thyroid cancers are excluded, we ob-
serve a substantial decrease in the overall AAPC of AYA cancers
in the Republic of Korea, from 22.1% to 1.9%. Overdiagnosis may
not be the only relevant factor, however, as recent findings
demonstrated that mortality rates for thyroid cancer, overall
and for advanced-stage cases, are statistically significantly in-
creasing in the United States (18). Thus, additional AYA-specific
studies of thyroid cancer mortality trends and treatment pat-
terns are warranted.

Statistically significant increases in testicular cancer were
also seen in many countries, the etiology of which is unknown
(19). These increases may relate to prenatal exposures, particu-
larly estrogens that can affect gonadal development in utero
(20–22). Further work is needed to understand the increasing in-
cidence of testicular cancer, which affected countries on all con-
tinents except Africa. Similarly, it is unclear why breast cancers
are increasing among AYA, particularly as obesity has been
cited as a protective factor against the development of preme-
nopausal breast cancer (23). Potential factors include changes in
reproductive behaviors, such as having fewer children and at
later stages in life (24).

Cervical cancer trends in AYAs varied internationally. Over
one-third of the countries studied experienced statistically signif-
icant decreases more recently, while China, Japan, Turkey,
Belarus, Ireland, and the UK experienced annual increases of over
3%. Although some of these countries (eg, Japan, Ireland) offer na-
tional HPV vaccination programs, it may be too early to see the
impact on AYA cervical cancer rates, with changing sexual
behaviors likely accounting for the increases observed (25,26).
HPV vaccination programs nonetheless play an important role in
controlling cervical cancer in AYA and will also likely affect the
incidence of other HPV-related cancers in the future (27).

Although AYA melanoma rates were highest in Australia, sta-
tistically significant progress was made over the study period, with
an annual average decrease of 2.8%. This stands in contrast to the
increasing trends seen in 12 European countries. Primary preven-
tion efforts seeking to change childhood and teenage behaviors re-
garding sun protection and tanning bed use in Australia are now
warranted across much of Europe as well (28,29).

Our results also highlight encouraging international trends.
For example, declines in Kaposi sarcoma are likely the result of
HIV control and improved medications, and declining rates of
smoking-related cancers in AYAs are likely a result of successful
tobacco control initiatives. Further research is nonetheless ur-
gently needed to understand the impact of increasing rates of e-
cigarette use on the incidence of these cancer types (30).

Study strengths include the large number of populations in-
cluded from geographically diverse regions, the standardized
quality-assured data, and the ability to track annual incidence
rates over a 15-year period. In addition, we were able to report
incidence rates for certain groups of cancer common in the AYA
age range that are rarely reported, such as bone and connective
tissue cancers. One limitation is the inability to align cancer cat-
egories with those proposed by Barr et al. (2) Second, our study
was limited to countries able to provide high-quality data, rep-
resenting predominately high- or upper-middle income

economies. Substantial improvements in cancer registration are
required in most low- and middle-income countries, without
which efforts to characterize and address the global burden of
AYA cancer will remain limited. Finally, only some of the in-
cluded registries were national and thus our results may mis-
represent the patterns in a given country.

In conclusion, our results have demonstrated unique trends
in the incidence of AYA cancer. These data advocate for preven-
tion and screening strategies that are of most relevance in the
represented AYA population and indicate future health-care
needs related to treatment. Efforts targeting obesity prevention,
widespread access to HPV vaccination, smoking cessation, and
appropriate prevention of sun exposure and tanning bed use
are potential pathways to decrease AYA cancer incidence rates
in many countries.
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