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Abstract: Cancer statistics for adolescents and young adults (AYAs) (aged 15-39
years) are often presented in aggregate, masking important heterogeneity. The
authors analyzed population-based cancer incidence and mortality for AYAs in the
United States by age group (ages 15-19, 20-29, and 30-39 years), sex, and race/
ethnicity. In 2020, there will be approximately 89,500 new cancer cases and 9270
cancer deaths in AYAs. Overall cancer incidence increased in all AYA age groups
during the most recent decade (2007-2016), largely driven by thyroid cancer, which
rose by approximately 3% annually among those aged 20 to 39 years and 4% among
those aged 15 to 19 years. Incidence also increased in most age groups for several
cancers linked to obesity, including kidney (3% annually across all age groups), uter-
ine corpus (3% in the group aged 20-39 years), and colorectum (0.9%-1.5% in the
group aged 20-39 years). Rates declined dramatically for melanoma in the group
aged 15 to 29 years (4%-6% annually) but remained stable among those aged 30 to
39 years. Overall cancer mortality declined during 2008 through 2017 by 1% annually
across age and sex groups, except for women aged 30 to 39 years, among whom
rates were stable because of a flattening of declines in female breast cancer. Rates
increased for cancers of the colorectum and uterine corpus in the group aged 30
to 39 years, mirroring incidence trends. Five-year relative survival in AYAs is similar
across age groups for all cancers combined (range, 83%-86%) but varies widely for
some cancers, such as acute lymphocytic leukemia (74% in the group aged 15-19
years vs 51% in the group aged 30-39 years) and brain tumors (77% vs 66%), reflect-
ing differences in histologic subtype distribution and treatment. Progress in reducing
cancer morbidity and mortality among AYAs could be addressed through more equi-
table access to health care, increasing clinical trial enrollment, expanding research,
and greater alertness among clinicians and patients for early symptoms and signs
of cancer. Further progress could be accelerated with increased disaggregation by
age in research on surveillance, etiology, basic biology, and survivorship. CA Cancer
J Clin 2020;0:1-17. © 2020 American Cancer Society.
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Introduction

Cancer in adolescents and young adults (AYAs) is defined by the National Cancer
Institute as diagnoses occurring among those aged 15 to 39 years' and is unique
from cancer diagnosed in other age groups because of important differences in the
distribution of cancer types, intrinsic and extrinsic risk factors, tumor biology, and
prognosis and survivorship. An increasing body of evidence indicates that tumors in
AYAs are molecularly distinct from those in both younger and older age groups, pos-
sibly suggesting differences in etiology and effective treatment.”* In addition, com-
pared with older patients with cancer, AYAs have a higher risk of long-term and late
effects, including infertility, sexual dysfunction, cardiovascular disease, and future
cancers,” ™ whereas compared with childhood cancer survivors, the risk of severe late
effects is lower.” AYAs are also more likely than older patients with cancer to expe-
rience delays in diagnosis for some cancers because of higher uninsured rates, a lack

of cost-effective early detection methods, and the rarity of cancer at this age.'"!!

Check for
updates
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AYA Cancer Statistics

Despite rapid progress in the scientific understanding of
cancer in AYAs, important research gaps in etiology, basic
biology, treatment, and survivorship persist, partly because
this age group continues to be grouped with children and/
or older adults in many epidemiologic studies. Even within
AYA studies, data are often presented in aggregate, masking
important differences across AYA age groups. This article
summarizes population-based trends in cancer incidence,
mortality, and survival among AYAs, with a focus on the het-
erogeneity within this population, and also briefly reviews
survivorship issues.

Materials and Methods

Data Sources

Population-based cancer incidence data in the United
States are collected by the National Cancer Institute’s
Surveillance, Epidemiology, and End Results (SEER)
program and by the Centers for Disease Control and
Prevention’s National Program of Cancer Registries
(NPCR). Historical incidence and survival trends (1975-
2016) were based on data from the 9 oldest SEER regis-
tries, representing 9% of the US population.12 Data from
the 18 SEER registries, covering 28% of the US popula-
tion, were the source for 5-year relative and cancer-specific
survival rates.”> Combined SEER and NPCR data for
1995 through 2016, as provided by the North American
Association of Central Cancer Registries (NAACCR),
were the source for the estimated numbers of new cancer
cases in 2020, cross-sectional incidence rates (2012-2016),
stage distribution (2012-2016), and 10-year average an-
nual percent changes (AAPCs) in incidence rates (2007-
2016). 141 Analyses of incidence trends from 1995 through
2016 were based on all available data for the 50 states and
the District of Columbia, covering 95% of the US popula-
tion during that time.

Mortality data covering all 50 states and the District
of Columbia were obtained from the National Center for
Health Statistics and were the source for death rates in
the most recent time period (2012-2016) and long-term
trends (1975-2017).1% Incidence and mortality rates for
American Indians/Alaska Natives (AI/ANs) were based
on cases and deaths in Preferred/Referred Care Delivery
Area counties. The 2018 National Health Interview
Survey was used for estimates of self-reported cervical
cancer screening.18

Statistical Analyses

Case estimates were calculated by applying the age-
specific proportions of cases diagnosed during 2015
through 2016 from the NAACCR analytic file to the
previously published total number of estimated cases in
2020.7 Similarly, we calculated the estimated number of
cancer deaths among AYAs by applying the proportion of

TABLE 1. Estimated Cancer Cases and Deaths in
Adolescents and Young Adults by Age, 2020
AGE ESTIMATED CASES ESTIMATED DEATHS
15-19 years 5800 540
20-29 years 24,900 2210
30-39 years 58,800 6520
Total 89,500 9270

deaths in that age group during 2016 through 2017 to the
previously published estimates for total cancer deaths in
2020. Estimates by cancer type for cases are provided for
sexes combined for stability and are not provided for can-
cer deaths because of sparse data.

Incidence and death rates, expressed per 100,000 pop-
ulation, were calculated using SEER*Stat (version 8.3.6)
software and were age standardized to the 2000 US stan-
dard populattion.20 In analyses of incidence trends for
selected sites using NAACCR data, we applied delay ad-
justment factors from the US Cancer Statistics data file.??
All cases were classified according to the AYA site recode/
World Health Organization 2008 definitions, based on the
International Classification of Diseases for Oncology, third

2223 \ith the exception of melanoma of the skin

edition,
and solid tumors other than brain, which were classified
according to SEER site recode/World Health Organization
2008 definitions for comparability to statistics in older age
groups as well as differentiation between uterine cervix
and uterine corpus. Trends for colorectal cancer incidence
excluded the appendix (code C18.1). Causes of death
were classified according to the Infernational Statistical
Classification of Diseases and Related Health Problems, 10th
revision.”* Tt is important to note that, because of differ-
ences in classification, incidence and mortality statistics
herein are not directly comparable.

The annual percent change in rates was quantified
using the National Cancer Institute’s Joinpoint Regression

Program (version 4.7.0.0).25 Screening prevalence estimates

were calculated using SAS-callable SUDAAN (version
11.0.1; RTT International, Research Triangle Park, North
Carolina) and accounted for the complex survey design.

Selected Findings

Expected Cases and Deaths in 2020

In 2020, there will be approximately 89,500 new cancer
cases and 9270 cancer deaths in AYAs aged 15 to 39 years
in the United States (Table 1). The distribution of cancers
among AYAs varies substantially by age (Fig. 1). In par-
ticular, adolescents (defined hereafter as individuals aged
15-19 years) have a unique cancer profile that includes
a higher proportion of childhood cancers (eg, Hodgkin
lymphoma, acute lymphocytic leukemia [ALL]) versus
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FIGURE 1. Case Distribution (%) of Leading Cancer Types in Adolescents
and Young Adults, 2012 to 2016. Coding for cancers of the thyroid, female
breast, colon and rectum, and uterine cervix and melanoma of the skin are
based on the Surveillance, Epidemiology, and End Results adult recode
variable, excluding a small number of sarcomas of the bone and soft tissue.
HL indicates Hodgkin lymphoma; NHL, non-Hodgkin lymphoma; ONS, other
nervous system.

adult cancers (eg, thyroid cancer and melanoma of the
skin) compared with those aged 20 to 39 years. The most
commonly diagnosed cancers are thyroid cancer, Hodgkin
lymphoma, and brain and other nervous system cancers
among adolescents; thyroid cancer, testicular germ cell tu-
mors (GCTs), and melanoma of the skin in the group aged
20 to 29 years and female breast cancer, thyroid cancer, and
melanoma in those aged 30 to 39 years (Table 2). Notably,
the only commonality among the top 3 sites in each age
group is thyroid cancer.

Incidence
Among AYAs, incidence increases with advancing age for

all cancer types except for ALL, bone tumors, and Hodgkin

CA CANCER J CLIN 2020;0:1-17

lymphoma, for which rates are highest in adolescents
(Table 3). Cancer incidence rates for all sites combined are
similar by sex in AYAs aged 15 to 19 years (23 vs 24 cases per
100,000 population in females and males, respectively, dur-
ing 2012-2016). Rates in women compared with men, how-
ever, are 30% higher in AYAs aged 20 to 29 years (55 vs 42
per 100,000 population) and nearly double in those aged 30
to 39 years (161 vs 84 per 100,000 population) (Table 3),'’
primarily because of the substantially higher incidence of
breast and thyroid cancers and melanoma of the skin in
women. For example, thyroid cancer incidence rates among
women in their 20s are greater than 5-fold higher than those
among men (15 vs 3 per 100,000 population during 2012-
2016, respectively).19 Notably, although lung cancer is rare in
AYAs, rates among women in their 30s are higher than those
among men despite lower smoking prevalence in women;
research is ongoing to elucidate the causes of this palttern.26

Long-term trendsin cancerincidence ratesamong AYAs
by age group are shown in Figure 2. Rates among men aged
20 to 39 years rapidly increased in the late 1980s and sub-
sequently declined in the early 1990s in parallel with the
human immunodeficiency virus (HIV)/acquired immune
deficiency syndrome (AIDS) epidemic, primarily reflect-
ing a peak in the occurrence of Kaposi sarcoma (Fig. 3).
During the past decade of available data (2007-2016),
overall incidence rates increased in all AYAs, but may be
stabilizing among men in their 20s (Fig. 2). Rising rates in
AYAs, especially among women, are largely driven by the
increased detection of thyroid cancer, for which rates rose
by almost 3% annually among adults aged 20 to 39 years
and 4% annually among adolescents during 2007 through
2016 (Table 4).2 Indeed, when thyroid cancer is excluded
from overall trends, rates in women during 2007 through
2016 were stable. Increases in thyroid cancer incidence

TABLE 2. Leading Sites of New Cancer Cases in Adolescents and Young Adults, Both Sexes Combined: 2020 Estimates®
AGES 15 TO 19 YEARS AGES 20 TO 29 YEARS AGES 30 TO 39 YEARS

CANCER TYPE NO. CANCER TYPE NO. CANCER TYPE NO.
Thyroid 800 Thyroid 4600 Breast (female) 11,100
Hodgkin lymphoma 800 Testicular germ cell tumors 3000 Thyroid 9000
Brain and ONS 500 Melanoma of the skin 2200 Melanoma of the skin 5500
Non-Hodgkin lymphoma 500 Hodgkin lymphoma 2000 Colon and rectum 4100
Testicular germ cell tumors 400 Breast (female) 1500 Testicular germ cell tumors 3100
Acute lymphoid leukemia 400 Non-Hodgkin lymphoma 1400 Uterine cervix 3000
Bone tumors 400 Colon and rectum 1300 Non-Hodgkin lymphoma 2700
Soft-tissue sarcomas 400 Brain and ONS 1200 Kidney 2400
Melanoma of the skin 200 Soft-tissue sarcomas 1000 Uterine corpus 2000
Acute myeloid leukemia 200 Uterine cervix 800 Brain and ONS 1800

Abbreviation: ONS, other nervous system.

?Estimates are rounded to the nearest 100 and exclude basal cell and squamous cell skin cancers, benign and borderline brain tumors, and in situ carcinoma of any
site except urinary bladder. Ranking is based on modeled progress and may differ from the most recent observed data.
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Incidence, male
Mortality, male

Ages 15-19 years

Ages 20-29 years
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Incidence, female
Mortality, female

Ages 30-39 years
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FIGURE 2. Trends in Adolescent and Young Adult Cancer Incidence and Mortality Rates for All Cancers Combined by Age and Sex, 1975 to 2017. Rates
are age adjusted to the 2000 US standard population, and incidence rates are adjusted for reporting delays. Rates for those aged 15 to 19 years are 2-year

moving averages.

rates have occurred across all age groups (Fig. 4), largely
reflecting increased detection because of advances in
imaging.27 Other cancers for which rates are increasing
in AYAs include those that have similarly been linked to
increased detection (eg, kidney), as well as those cancers
associated with the obesity epidemic (eg, colorectal, kid-
ney, uterine corpus, and possibly leukemia).***’ However,
the extent to which known risk factors contribute specifi-
cally to the rising incidence in AYAs is unclear, and further
research is needed. For example, the increase in kidney
cancer, which is the most rapidly increasing cancer across
all AYA age groups, is largest for high-grade, aggressive
tumors and renal cell carcinoma; renal pelvic cancer rates
have not similarly increased, as would be expected from
increased detection.>®

By race/ethnicity, cancer incidence rates among AYAs
are highest in non-Hispanic Whites (83 per 100,000
population) and lowest in Asian/Pacific Islanders (APIs)
(54 per 100,000 population) for both sexes (Fig. 5). This
reflects generally higher rates in non-Hispanic Whites
for thyroid cancer, testicular GCTs, and melanoma com-
pared with other major racial/ethnic groups. Overall inci-
dence rates during 2007 through 2016 increased among
AYA women for all racial/ethnic groups except AI/ANs
(Table 5), among whom rates were stable. Incidence was
generally stable among men across all racial/ethnic groups
except for APIs and Hispanics, among whom rates
increased annually by 1.5% and 0.8%, respectively. These
increases largely reflect rates for testicular GCT and thy-
roid cancer, especially among Hispanics, among whom
testicular GCT incidence rates rose by nearly 3% annually,

for reasons that are unknown."

Cancer Survival and Stage Distribution
Except for a decline during the HIV/AIDS epidemic from
the mid-1980s to the mid-1990s among men aged 20 to 39
years, overall 5-year survival among AYAs has increased since
the mid-1970s.**® Five-year relative survival rates for AYA
patients diagnosed during 2009 through 2015 were generally
similar across age groups (range, 83%-86%) (Table 3) and
were comparable to the rate in children (84%) but were sub-
stantially higher than that in adults aged >40 years (66%).1
However, overall AYA cancer survival is largely influenced by
the high survival rates of thyroid cancer,” which has a 5-year
survival rate >99%. In addition, many other common cancers
in young adults have high 5-year survival rates (eg, >94%
for testicular GCTs, melanoma, and Hodgkin lymphoma)
because of highly effective treatment for testicular GCTs,
Hodgkin lymphoma, and early-stage melanoma (Table 3).
AYAs are diagnosed at earlier stages than older adults for
most cancers except colorectal and female breast cancers,
which is due not only to screening differences but also to
diagnosis delays resulting from less access to health care.>?

Despite comparable cancer survival in AYAs and chil-
dren, survival in AYAs is lower for some cancer types.3’3’3’4
For example, the 5-year relative survival rate for patients
with ALL who were diagnosed during 2009 through 2015
was higher in children (91%) than in AYAs overall (60%)
and in every age group (Table 3).18 Similarly, the 5-year
survival rate for patients with non-Kaposi soft-tissue sar-
coma was lower in AYAs than in children (73% vs 81%)
despite higher survival during 1975 through 1977 (70%
vs 58%).'

Five-year cancer-specific survival in AYAs for all cancer
types combined is lower in racial/ethnic minorities, especially

VOLUME 0 | NUMBER 0 | MONTH 2020
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FIGURE 3. Kaposi Sarcoma and Non-Hodgkin Lymphoma Incidence Rates
Compared With All Other Cancers Combined Among Young Adult Men,
1975 to 2016. Incidence rates are age adjusted to the 2000 US standard
population and are adjusted for reporting delays.

individuals who are non-Hispanic Black (75%) compared
with those who are non-Hispanic White (88%) (Fig. 6).13
Some of the largest disparities occur among those who are
non-Hispanic Black and Hispanic compared with non-
Hispanic Whites for ALL (57% and 58% vs 71%, respec-
tively) and female breast cancer (78% and 85% vs 89%,
respectively) and among AI/ANs compared with non-
Hispanic Whites for colorectal cancer (59% vs 72%, respec-
tively). These disparities are not only driven by differences
in the timeliness and quality of diagnosis and treatment as a
result of inequities in insurance status and access to care but
also by differences in tumor characteristics, such as estrogen

receptor status for female breast cancer.'*%

Mortality
The leading causes of cancer death differ substantially
by age group (Table 6). In 2017, leukemia and brain tu-
mors were among the leading cancer causes of death in
all sex and age groups except women aged 30 to 39 years,
among whom breast, cervical, and colorectal cancers were
the leading cancer causes of death. Importantly, leukemia
continues to be the leading cause of cancer death in both
adolescents and adults aged 20 to 29 years, a point that
is masked when adolescents are combined with children,
among whom brain cancer is the leading cancer cause of
death.3®

In contrast to incidence, cancer death rates among
AYAs aged 15 to 29 years are higher in males than in
females (Table 3) because of differences in case distribu-
tion and lower survival in males for some common cancers
(eg, melanoma).'® By race/ethnicity, non-Hispanic Black
AYAs have the highest cancer mortality rates (11 per 100,000
population) despite 25% lower incidence rates than those in
non-Hispanic Whites. In women, this largely reflects sub-
stantial disparities in breast cancer mortality; breast cancer
death rates in non-Hispanic Black women in their 30s are
nearly double those in non-Hispanic White women (8.5 vs
4.5 deaths per 100,000 population, respectively).17

Cancer mortality rates in AYAs have been steadily de-
clining in all age and sex groups since at least 1975 (Fig. 2).
Notably, these trends do not reflect the impact of the HIV/
AIDS epidemic because deaths from HIV/AIDS-related
cancers are often attributed to the underlying viral infection.
In addition, Kaposi sarcoma was not a separate reportable
cause of death until 1999. During the most recent 10 years
of available data (2008-2017), mortality rates for all cancers
combined declined on average by approximately 1% per
year in both men and women but leveled off in recent years
among women aged 30 to 39 years, likely reflecting stable
rates for breast cancer mortality after more than 2 decades of
decline (Table 4). By race/ethnicity, mortality declines over
the past decade were steepest in non-Hispanic White and
Black AYAs and were stable in Hispanics, AI/AN men, and
API women (Table 5).

Selected sites

Brain and other nervous system tumors

Malignant brain and other nervous system tumors (also re-
ferred to as brain cancer) are a substantial cause of morbidity
and mortality in AYAs. An estimated 3700 cases of malignant
brain tumors are expected to be diagnosed among AYAs in
2020 (Table 2). Brain cancer is the most common cause of
cancer death in AYA men and the second leading cause overall
after breast cancer (Table 6). Gliomas account for the majority
of cases in AYAs, similar to other age groups. Among AYAs,
however, there is substantial heterogeneity in the distribution
of other brain tumor subtypes by age: adolescents have a higher

CA: A Cancer Journal for Clinicians



1-17

0

B

CA CANCER J CLIN 2020

"SpU.} DOUIPIOUI LLIOJY PAPN|OXS diam xipuadde ay} Jo s1sdue),

‘SpusJ} 81[NdjBd 0 S.Ieak elep aWOs Ul 8sieds 003 a1am eleq,

(G0 > ) 049z wouy Jualapip Ajpuesnyiudis Aj|eonsiels st Odvy ayL,

‘spual}

Ajeriow Joy sjutodulof G pue spusly 8duspioul Joy sjutoduiof 4 03 dn Suimojje psieNojed alem sOdyY "Se1ed Alleliow /1 0Z 01 G/6) PUB S31e 8dUapPIoUl 910Z 01 66} UO Paseq OdVY 1esA-01 8yl Juasaidal spusi) [eAISIUI-PaXId,
‘walsAs snoAlau Jayjo ‘SNO ‘@3ueyod Jusalad |enuue aSelaAe ‘Qdyy SUORIASIGQY

€ €' S0 T ©'C 0€ S'C 60— snd1od auLialn
70 4] Cl ' €0- 00— 9= ol o XINB) dULIRIN
60— (80— i — 8T 8T 95T (€7 plokyL
S0 €'t 90 ' 90 ©0 0 bl siowny |[20 wiab Jejndisag
' i T T o ©'G— S'C — ewodles isodey
€0 L0 G0~ &0~ 80— b= 60— T0- BLIODJES 3NSSI1-1J0S
el S QL= T 0 1’0 S0 90 xukieyd pue Aiine> [eiQ
FOR €€~ 05— ol o S0~ 80— 0- 60 ewoyduwA| urybpoH-uoN
qCS— s Sl T el L0- G€ a9~ UYS 31 JO BUIOUEBIBIN
8= qb’s— 8V~ T 8T €€ €0 €0 snypuoig pue bun’
8T M4 @€ gb'l= 60 a 70 bl el Na| plojak andy
8l 10— ol LT o€l o'l 'l ol 0 e|wayna| d1HoydwA| a3y
o'l 0T~ g€ €T 90 €l Ol Ol BN
vl Al €T ' g€ aC€ 9 6T sinjad [eual pue faupry
G0L= oL 0L= 66— — Gl'l= ek ol 0= i ewoyduwi] upbpo
480 Ol 00— T a7l Sl ©0 90 plunioal pue uojo)
€0- 70— L0 ' qC 0 a0 ©'l L'e— (3ewy) 158319
S0 gkl ¢80~ 0= 80— S0~ 9= 70 SNO pue utelg
80— 80 - 10— l'0— €0 10— 50— slown auog
qL'0— S0- A @l qC'l o€l qb'l Ol 3ewa4
Ol 4L 0= = o= 450 80 A ral 3l
0~ 90— Gl o'l Ol Ol S0 60 sadf) saoued ||y
SYV3IA 6€ OL 6L SHUVIA 6€ OL 0€ SYVIA 6Z 01 0T Sdv3A6l OLGL SYVIA 6€ OLGL SHUVIA 6€ OL 0€ SYVIA 6Z 01 0T Sdv3A6l OLGL 3dAL 4IDNYD
JdVV ALITVIHON JdVV IDNIAIDNI

SHNPY MCJO> pue SjuadsSa|opYy Ul siadue) paloa|ag 10} Sa1ey AN—ON|®OONv >u.__ma.._0_>_ pue AO—ON|NOONV 20UapIou| ul spual] |eAla]ul-paxid JeaA-ua] ¥ 319VL

VOLUME 0 | NUMBER 0 | MONTH 2020



AYA Cancer Statistics

6 Males, ages 15-19 years

Females, ages 15-19 years

6
Thyroid
54 54 ¥
i Testicular germ cell tumors Leukemia .
—\/_h\ Py
N . = N ~/\/\/
Brain & ONS ~_ Leukemia
21 NHL 2 — :
Melanoma of the skin Brain & ONS
14 14
it Melanoma of the skin
Thyroid
o T T 1) T Iy T T T T T L T T T T T T T 1 0 T T T T T T T T T T T T T ¥ T T T T T 1
P o ° AN A® o o P AN AD
,\996 (LQQQ (LQQ‘.) {LQ»\Q '),0'\6 ,\996 'LQBQ ,LQQ?) ’)9,\0 ‘79'\6

] Males, ages 20-29 years

" Females, ages 20-29 years

| =
S 14 4 14 4 Thyroid
«
§ 124 Testicular germ cell tumors 124
o
8 10 10 4
o
S 8 8 elanoma of the skin
o] Melanoma of the skin
g 6 NHL 6 Breast
5 HL 4 HL
Uterine cervix
2 Thyroid = 5] -~
Colon & rectum Colon & rectum
O T T T T T T T T T T T T T T T T T T T 1 O T T T T T T T T T T T T T T T T T T T 1
o o AO o0 N\ & AN A©
o o oV o s o S° oV
Males, ages 30-39 years Females, ages 30-39 years
50 50
Breast
40 40
Thyroid
30 30
Uterine cervix
20 20
NHL . / Melanoma of the skin
/ Testicular germ cell tumors
m e —
104 —_Melanoma of the skin o f—~—"
Colon & rectum —
0 Colon & rectumTherId 0 NHL
T T T T T T T T T T T T T T T T T T T ¥ T T T T T T T T T T T T T T T T T T T 1
0 N © AN A© o0 o © AN A©
»\996 7/00% 1006 v')/ﬁ'\Q @Q\(o \996 rLQQQ 7906 10‘\6 79'\6

Year of diagnosis

Year of diagnosis

FIGURE 4. Trends in Adolescent and Young Adult Cancer Incidence Rates by Site and Age, 1995 to 2016. Rates are age adjusted to the 2000 US standard
population and are 2-year moving averages. HL indicates Hodgkin lymphoma; NHL, non-Hodgkin lymphoma; ONS, other nervous system.

proportion of intracranial GCTs and other brain tumors as-  medulloblastoma accounted for 9% of brain and other nervous
sociated with childhood, such as medulloblastoma, than those

aged 20 to 39 years.” For example, during 2012 through 2016,

system tumors in adolescents compared with 3% of tumors in

the group aged 30 to 39 years.
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FIGURE 5. Cancer Incidence and Mortality Rates by Sex and Race/Ethnicity,
Ages 15 to 39 Years, 2012 to 2017. Rates are per 100,000 population and
age adjusted to the 2000 US standard population. Rates for American
Indians/Alaska Natives are based on Preferred/Referred Delivery Care Area
counties.

From 2007 to 2016, brain cancer incidence rates were
stable in adolescents and declined among adults aged 20 to
39 years (Table 4). Reasons for these trends are unknown, as
there are few established risk factors for brain tumors other
than exposure to ionizing radiation.*® Current trends may be
influenced by recent changes in reporting after an improved
understanding of tumor biology, as has been hypothesized
for younger age groups.39 The 5-year relative survival rate
for malignant brain tumors ranges from 77% in adolescents
to 66% in the group aged 30 to 39 years, largely reflecting
differences in the aggressiveness of glioma subtypes by age.”
For example, the 5-year relative survival rate for patients with
astrocytoma who were diagnosed during 2009 through 2015
was 76% in adolescents compared with 50% in the group

aged 30 to 39 years.

CA CANCER J CLIN 2020;0:1-17

TABLE 5. Ten-Year Fixed-Interval Trends in Cancer
Incidence (2007-2016) and Mortality (2008-2017)
Rates by Race/Ethnicity in Adolescents and

Young Adults?

INCIDENCE AAPC MORTALITY AAPC
RACE/ETHNICITY MALE FEMALE MALE FEMALE
Non-Hispanic White 0.2 0.8° -13* 16
Non-Hispanic Black 0.0 0.5 —1.2° —2.0°
Asian/Pacific Islander 1.5° 1.4° -1.7° 06
American Indian/Alaska Native 0.4 0.3 -0.7 —-1.1°
Hispanic 0.8 1.5° —0.1 0.9

Abbreviation: AAPC, average annual percent change.

“Fixed-interval trends represent the 10-year AAPC based on 1995 to 2016 inci-
dence rates and 1990 to 2017 mortality rates. AAPCs were calculated allowing
up to 4 joinpoints for incidence trends and 5 joinpoints for mortality trends.
®The AAPC is statistically significantly different from zero (P < 0.05).

Benign and borderline brain tumors account for a large
proportion of overall cases of brain tumors in all age groups;
among AYAs in particular, this percentage ranges from 48%
in adolescents to 63% in the group aged 30 to 39 years.14
Incidence rates for these cancers, which were not reportable
until 2004, have increased in recent years largely because of
improvements in reporting.*’ The overall 5-year relative sur-
vival rate for benign and borderline tumors is relatively high,

at approximately 97%, in all AYA age groups.41

Female breast

Breast cancer is the most commonly diagnosed cancer
among women aged 30 to 39 years, with an estimated 11,100
cases expected in 2020 (Table 2). It is the leading cancer
cause of death in AYA women, accounting for 22% of can-
cer deaths in 2017 (Table 6). The risk of developing breast
cancer at a young age is higher for women with a family
history of the disease, particularly a diagnosis in a relative
aged younger than 50 years and in those with heritable mu-
tations in cancer susceptibility genes (eg, BRCA1/BRCA?2)
or certain other genetic syndromes (eg, Li-Fraumeni
syndrome).42 However, most AYA women who are diag-
nosed with breast cancer do not have these risk factors.*
Reproductive risk factors generally do not appear to dif-
fer long-term by age or menopausal status.**** However,
among younger women, the risk of breast cancer is tempo-
rarily increased after first birth.

Incidence rates in non-Hispanic Black AYAs are 14%
higher than those in non-Hispanic White AYAs (25.9 vs
22.3 per 100,000 population during 2012-2016)" in con-
trast to older women, among whom rates are highest in
Whites. However, higher incidence rates in non-Hispanic
Black AYAs are confined to hormone receptor—negative
disease; in particular, triple-negative rates are >50% higher
than those in non-Hispanic Whites (6.1 vs 3.9 per 100,000
population during 2012-2016, respectively)."”” Notably, the
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FIGURE 6. Five-Year Cause-Specific Survival by Race/Ethnicity for Selected Cancers in Adolescents and Young Adults, 2009 to 2015. Patients were
diagnosed from 2009 to 2015 and followed through 2016. *Data are suppressed for American Indians/Alaska Natives because of sparse case numbers (<25

cases). ONS indicates other nervous system.

TABLE 6. Leading Cancer Causes of Death Among Adolescents and Young Adults by Age and Sex, 2017
15TO 39 YEARS 15TO 19 YEARS 20TO 29 YEARS 30TO 39 YEARS
MALE
CANCER TYPE NO. % NO. % NO. % NO. %
All sites 4303 All sites 332 All sites 1182 All sites 2789
Brain and ONS 594 14% Leukemia 87  26% Leukemia 225 19% Colon and rectum 388 14%
Leukemia 556 13% Bone tumors 64 19% Brain and ONS 169 14% Brain and ONS 377 14%
Colon and rectum 467 1% Brain and ONS 48 14% Testis 100 8% Leukemia 244 9%
FEMALE
CANCER TYPE NO. % NO. % NO. % NO. %
All sites 4791 All sites 228 All sites 933 All sites 3630
Breast 1063 22% Leukemia 58 25% Leukemia 118 13% Breast 968 27%
Uterine cervix 514 1% Brain and ONS 49 21% Brain and ONS 117 13% Uterine cervix 437 12%
Brain and ONS 407 8% Bone tumors 40 18% Breast 95 10% Colon and rectum 338 9%

Abbreviation: ONS, other nervous system.

Black-White disparity in breast cancer mortality is largest in
AYAs and declines with age.46 Death rates in non-Hispanic
Black AYAs compared with those who are White are nearly
double (3.9 vs 2.0 per 100,000 population, respectively,
during 2013-2017),"7 reflecting in part the higher rates of
aggressive tumors with a poorer prognosis combined with
inequities in access to high-quality cancer care.

During the most recent 10 years of available data,
breast cancer incidence rates increased by nearly 2% an-

nually among women aged 20 to 29 years and by 0.2%

annually among women in their 30s; rates in adolescents
were stable. The overall increase in female breast cancer
is largely driven by non-Hispanic Whites, among whom
rates have increased since at least 1995.%° Factors thought
to be driving the increase include changes in reproductive
patterns, such as declines in the fertility rate and older age
at first birth. Breast cancer mortality rates are no longer
decreasing in AYA women after more than 2 decades of
continuous decline, likely reflecting increased incidence

(Table 4) (Fig. 7).
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FIGURE 7. Trends in Adolescent and Young Adult Cancer Mortality Rates by
Site, Ages 15 to 39 Years, 1975 to 2017. Rates are age adjusted to the 2000
US standard population and are 2-year moving averages. *These include all
tumors of the testis and is not limited to germ cell tumors, because histologic
information is unavailable on death certificates. HL indicates Hodgkin
lymphoma; NHL, non-Hodgkin lymphoma; ONS, other nervous system.

AYA patients with breast cancer are more commonly di-
agnosed at an advanced stage than older patients; less than
one-half (47%) are diagnosed at a localized stage compared
with 60% in patients aged 45 to 54 years and 65% in those
aged 55 to 64 years.”” In addition to mammographic screen-
ing not being recommended for AYAs at average breast
cancer risk, this also reflects diagnostic delays and a higher
proportion of aggressive disease (eg, triple-negative breast
cancer) at younger ages.'®"” As a result, the 5-year relative
survival rate for female breast cancer is lower in AYAs than
in older, screening-aged women (86% vs 91% in women
aged 45-64 yealrs).19

CA CANCER J CLIN 2020;0:1-17

Colon and rectum (colorectum)

Colorectal cancer is the fourth most commonly diagnosed
cancer among adults aged 30 to 39 years, with 4100 cases
expected in 2020 (Table 2). In 2017, it was the leading
cancer cause of death among men in this age group and
the third among women (Table 6). Increasing evidence
suggests that colorectal cancer in adults aged <30 years is
unique from that diagnosed in older adults, in part because
of a higher frequency of tumors occurring in the distal
colon or rectum and exhibiting microsatellite instability
and mucinous and signet ring cell histologies.” A fam-
ily history of young-onset diagnosis and certain hereditary
conditions (eg, Lynch syndrome, familial adenomatous
polyposis) are associated with a higher risk of colorectal
cancer before age 40 years.49’50

During 2007 through 2016, colorectal cancer incidence
rates increased by 0.9% and 1.5% annually among the groups
aged 20 to 29 years and 30 to 39 years, respectively (Table 4).
Mirroring incidence, colorectal cancer mortality rates like-
wise increased by approximately 1% annually among those
aged 30 to 39 years during 2008 through 2017. These pat-
terns reflect a birth cohort effect in which colorectal can-
cer risk has been increasing in subsequent generations since
1950.°! In contrast, rates in adults aged >65 years are con-
tinuing to rapidly decline, largely reflecting the widespread
uptake of screening with colonoscopy since 2000.%2 Reasons
for the increases in young adults are not clear but may be
associated with obesity and changes in dietary factors.”’
Similar trends among young adults have been observed in
many other high-income countries.

The 5-year relative survival rate in the group aged 20
to 39 years for patients diagnosed during 2009 through
2015 was 68% (Table 3), similar to that in screening-aged
adults.”

Leukemia
ALL and acute myeloid leukemia (AML) account for the
majority of leukemia cases in AYAs, with ALL compris-
ing most cases in adolescents and AML becoming the pre-
dominant subtype among older AYAs (Table 2). Leukemia
is among the most commonly diagnosed cancers in ado-
lescents, with approximately 600 cases of ALL and AML
combined expected in 2020. Overall, despite progress in
optimizing cytotoxic chemotherapy regimens and, more
recently, in molecularly targeted agents and immunothera-
pies, leukemia continues to be the leading cancer cause of
death in the group aged 15 to 29 years (Table 6).>

From 2007 through 2016, incidence rates increased by
0.7% to 1.9% annually for ALL and by 0.4% to 1.2% for
AML. Increases in leukemia may be linked to increased
exposure to radiation (including computed tomography expo-
sure) and chemotherapy, although it is unclear to what extent
each of these factors contributes.”>™’ Obesity has also been
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proposed as a contributing factor,? although this is based on
prospective cohort studies that are largely confined to older
adults.’’ The 5 -year relative survival rate for ALL and AML
is substantially higher in adolescents (74% and 66%, respec-
tively) compared with older AYA age groups (Table 3), which
may reflect inequities in access to care, differences in the re-
ceipt of adult versus pediatric treatment regimens, and more
aggressive disease in older AYAs.”® In one population-based
study of AYA patients with ALL, higher overall survival was
associated with pediatric regimens delivered in front-line
pediatric oncology settings, regardless of atge.58

Lymphoma
Approximately 4200 cases of Hodgkin lymphoma and
4600 cases of non-Hodgkin lymphoma are expected to be
diagnosed among AYAs in 2020. Whereas Hodgkin lym-
phoma accounts for the majority of lymphomas diagnosed
in AYAs aged 15 to 29 years, non-Hodgkin lymphoma is
more common in the group aged 30 to 39 years (Table 2).
Non-Hodgkin lymphoma includes a constellation of sub-
types that vary in occurrence by age. For example, Burkitt
lymphoma accounts for a higher proportion of cases in
adolescents than in older AYAs (15% vs 4% in those aged
30-39 years).14 Established risk factors for both Hodgkin
lymphoma and some types of non-Hodgkin lymphoma (eg,
Burkitt lymphoma) include prior infection with Epstein-
Barr virus (EBV) as well as immunocompromising condi-
tions, such as infection with HIV and immunosuppression
after organ transplantation.5 9,60 Notably, although EBV-
associated Hodgkin lymphoma cases appear to peak in
AYAs aged 15 to 24 years, non—EBV-associated Hodgkin
lymphoma is more common among older AYAs.” The risk
for Hodgkin lymphoma and some non-Hodgkin lymphoma
subtypes has also been linked to a family history of disease,
particularly in siblings.(’l’62 Diftuse large B-cell lymphoma
may also be linked to obesity.”’

Incidence rates for Hodgkin lymphoma declined by 0.2%
to 1% annually across age groups from 2007 through 2016,
while death rates declined even more dramatically, by 10%
per year, during 2008 through 2017 (Table 4). Conversely,
non-Hodgkin lymphoma incidence trends differ direction-
ally by age, increasing by 1% annually in adolescents but de-
clining in the group aged 30 to 39 years by 1% annually.
However, overall non-Hodgkin lymphoma death rates are
declining across AYA age groups. The 5-year relative sur-
vival rates for Hodgkin lymphoma and non-Hodgkin lym-
phoma exceeds 94% and 83%, respectively, across all AYA
age groups but are slightly higher for adolescents than for
older AYAs (Table 3).

Melanoma of the skin
Melanoma is the third most commonly diagnosed can-
cer in the group aged 20 to 39 years. An estimated 7900

cases are expected in 2020 among all AYAs combined. It is
substantially more common in AYA women than in AYA
men, in contrast to older adults, among whom rates are
higher in men. Spitzoid malignant melanomas, some of
which can be difficult to distinguish from benign Spitz nevi
because of similarities in some clinical and histologic
features, are rare but account for a higher proportion of
melanoma cases in younger individuals compared with older
adults.®* In general, melanoma of the skin in AYAs appears
to occur among susceptible individuals through genetic in-
teractions with ultraviolet light exposure in early life, whereas
melanoma in older adults likely reflects cumulative lifetime
ultraviolet light exposure among those with comparatively
less susceptibility.65 Although indoor tanning has decreased
in the United States,®® its prevalence in young adult women
remains substantially higher than that in older women and
in men overall."® Indoor tanning use is particularly impor-
tant for AYAs, as the risk of melanoma is approximately 60%
higher for people who begin use before age 35 years, and the
risk increases with duration and intensity of use.®”%®
Melanoma incidence rates have rapidly declined in ad-
olescents (6.2% annually during 2007-2016) and adults in
their 20s (3.5% annually) after peaking in the early to mid-
dle 2000s (Table 4). Among the group aged 30 to 39 years,
melanoma rates were stable among women in the most re-
cent time period but slightly declined among men. Recent
declines in younger AYAs may reflect successful interven-
tions to reduce indoor tanning and increase sun-protective
behaviors.®® Mirroring incidence, mortality in AYAs has
rapidly declined by approximately 5% annually. The 5-year
relative survival rate is generally high for melanoma in AYAs
(ie, >94%), reflecting the high proportion of cases (80%) di-
agnosed at an early stage (Fig. 8). Although the higher pro-
portion of spitzoid melanoma cases in younger patients has
been proposed to confer a survival advantage compared with
older patients, existing research has largely focused on pedi-
atric cases, and further research specific to AYAs is needed.®

Testicular germ cell tumors

Gonadal GCT rates are substantially higher in AYA men than
in AYA women for reasons that are largely unknown but may
reflect sex-specific interactions between genetic factors and
maternal hormones before birth.!” An estimated 6500 cases
of testicular GCT are expected to be diagnosed in AYA men
in 2020 (Table 2). Testicular GCTs are the most commonly
diagnosed cancer among men aged 20 to 39 years, with rates
peaking at ages 30 to 39 years (13 per 100,000 population
during 2012-2016)." Testicular GCT rates are highest in
non-Hispanic Whites (13 per 100,000 population), followed
by Hispanics (10 per 100,000 population), and AI/ANs (10
per 100,000 population), and are lowest in non-Hispanic
Black AYAs (2.4 per 100,000 population).19 With the excep-

tion of cryptorchidism and Klinefelter syndrome, risk factors
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FIGURE 8. Stage Distribution for Selected Cancers in Adolescents and Young Adults, 2012 to 2016.

for testicular GCT are not well described, although a family
history of testicular GCT in a first-degree relative has been
shown to increase risk 4-fold.!>1®

During the most recent 10 years of available data, incidence
rates for testicular GCTs increased in all AYA age groups by
0.4% to 1.1% annually, whereas mortality rates were stable
(Table 4). Little is known about the causes of the rising inci-
dence rates of testicular GCTs, but trends may reflect changes
in in utero exposures to maternal hormones as well as other
environmental exposures.69’70 A strong birth cohort effect in
testicular GCTs has been described in the United States and
several northern European countries, where rates are likewise
increztsing.s3 The 5-year relative survival rate is generally high
for testicular GCTs, exceeding 95% in all age groups (Table 3)

Thyroid

Thyroid cancer is the most commonly diagnosed cancer in
adolescents and in AYAs aged 20 to 29 years in both sexes
combined. An expected 14,400 cases are projected to be diag-
nosed in 2020 among all AYAs (Table 2); most of these cases
will occur among women. Similar to older adults, papillary thy-
roid cancer accounts for most cases of thyroid cancer in AYAs.
During the most recent 10 years of available data, thyroid can-
cer incidence rates rose rapidly in all AYA age groups, whereas
mortality rates declined slightly by 0.5% annually (Table 4).
Although much of the increase in incidence rates has been at-
tributed to increased detection, it is increasingly recognized
that there may be a true rise in the burden of advanced-stage
papillary thyroid cancer;’’ however, data for AYAs are sparse.
In one study, exposure to tomographic scans substantially in-
creased the risk of subsequent thyroid cancer by greater than
2-fold.*® The 5 -year relative survival rate for thyroid cancer is
generally high and exceeds 99% in AYAs aged 20 to 39 years
(Table 3). Previous studies have found that, although AYAs
are more likely to be diagnosed with larger thyroid cancers or
with locoregional lymph node involvement compared with

older patients, they are less likely to be diagnosed with distant

metastases and continue to have a better prognosis than their
71

older counterparts.

Uterine cervix

In 2020, an estimated 3800 cases of cervical cancer are
expected among women aged 20 to 39 years (Table 2). Cervical
cancer is the second leading cancer cause of death among
women aged 30 to 39 years and among AYA women overall.
All cases of cervical cancer are attributable to persistent in-
fection with human papillomavirus, although susceptibility
may be increased by cigarette smoking and immunocompro-
mising factors.”? Recent use of oral contraceptives has also
been shown to slightly increase risk.”> However, the cancer
can be prevented through vaccination against HPV infection
or removal of precancerous lesions detected via screening.
From 2013 through 2018, the percentage of women aged 18
to 26 years who reported ever initiating human papillomavi-
rus vaccination (>1 dose) increased from 37% to 54%, while
series completion (>2 doses) increased from 26% to 35%.7*
Squamous cell carcinoma is the most common histologic
type for all age groups, although childhood cancers that are
not detectable through routine screening, such as embryonal
rhabdomyosarcoma, occur among young AYAs.”

Cervical cancer incidence rates decreased by 1.6% annually
during 2007 through 2016 among women in their 20s but ap-
pear to have stabilized among women in their 30s. The stable
trend in women aged 30 to 39 years in part reflects attenuating
declines in squamous cell cervical cancer rates combined with
slight increases in adenocarcinoma rates.”®”” The 5-year rela-
tive survival rate for patients diagnosed during 2009 through
2015 was 82% for patients aged 20 to 29 years and 80% for
those aged 30 to 39 years (Table 3). Nearly one-third of cases
(34%) are diagnosed at the regional or distant stage, which may
reflect screening delays or more aggressive histologic subtypes,
particularly in younger AYA women. In 2018, approximately
74% of AYAs aged 21 to 29 years were up to date with cervical
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cancer screening, compared with 90% of adults aged 30 to 39
years and 86% of adults aged 40 to 65 years.®

Survivorship
AYA cancer survivors are at risk of several late and long-term
effects that can influence cognitive, psychosocial, and physi-
cal functioning as well as financial pl‘OSpCCtS.78’79 Although
cancer treatment regimens in AYAs can be tailored to mini-
mize long-term and late effects, there is a paucity of data
from clinical trials to support modifications.®® In addition,
similar to childhood cancer survivors, AYA cancer survivors
have a notably higher risk of developing subsequent cancers
compared to the general population. In one population-based
study, approximately 14% of AYA cancer survivors developed
a subsequent cancer 30 years postdiagnosis, with melanoma
and breast, gastrointestinal, and genitourinary cancers being
the most common subsequent malignancies.® Another recent
analysis of population-based data found that, whereas all-cause
late mortality among 5-year AYA cancer survivors declined
from 8% among those diagnosed during 1975 through 1984
to 5% among those diagnosed during 2005 through 2011, lit-
tle improvement in late mortality from the original cancer was
observed for several cancer types, including colorectal cancer,
bone and soft-tissue sarcomas, and cervical cancer.!
Although much regarding AYA cancer survivorship con-
tinues to be extrapolated from childhood cancer survivor
cohorts,® recent studies have pointed to notable differences
between these 2 patient groups, highlighting the need for
survivorship studies specific to AYAs. For example, in a retro-
spective cohort study of childhood and adolescent survivors,
patients diagnosed at ages 15 to 20 years had lower long-term
risks of severe, chronic health problems than childhood can-
cer survivors but a 1.5-fold higher risk of dying from recur-
rence or progression of their primary cancer.” Furthermore,
compared with both younger and older patient populations
and cancer-free peers, AYA cancer survivors report worse
overall psychosocial functioning, which may reflect difficultly
in coping with cancer during early life transitions.8> %
Cancer and its treatment can cause substantial disruptions
in school and career, as well as changes in functioning and ap-
pearance, leading to further challenges in resuming daily-life
activities.®® Difficulties with fertility, sexual dysfunction, and
body image, particularly among women, are common among
AYA cancer survivors.>% Among AYA survivors who need
specific services, a high proportion report a variety of unmet

needs within a year after diagnosis, such as access to a men-
tal health professional (56%), cancer rehabilitation (58%), or
pain-management services (63%).% Notably, a substantial pro-
portion of AYA patients with cancer, especially women, do not
receive adequate information about fertility preservation. In
one study of AYA cancer survivors, 18% of males and 38% of
females had not made such fertility-preservation arrangements
because they were not aware of these options.®

Finally, AYA cancer survivors experience more financial
hardship than the general population and spend more on
out-of-pocket medical costs,” which is compounded by
higher uninsured rates among AYAs compared with other
age groups. In 2018, uninsured rates in AYAs aged 19 to 25
years were similar to those in the group aged 26 to 34 years
(14%), compared with 12% among those aged 34 to 44 years
and 9% among those aged 45 to 64 years.90 Being uninsured
or having public health insurance is associated with signifi-
cant delays in diagnosis in AYAs, leading to poorer outcomes
and more extensive treatment.”! Compared with older sur-
vivors, young survivors have higher rates of bankruptcy and
more frequently forgo needed medical care because of cost.”

Conclusions

Although there has been rapid progress in the scientific un-
derstanding of cancer in AYAs over the last decade, several
research gaps in etiology, basic biology, treatment, and survi-
vorship remain. AYAs diagnosed with cancer also continue to
face numerous challenges in health care access during early
life transitions, which can negatively impact the timeliness
of and adherence to treatment. Although declining mortal-
ity rates for hematologic malignancies in AYAs point toward
progress in effective treatment for these cancers in recent
decades, this progress has lagged behind that for children for
some cancers, especially in older AYAs. Further progress in
reducing cancer morbidity and mortality among AYAs could
be addressed through more equitable access to health care;
increasing clinical trial enrollment; expanding research on
etiology, basic biology, and survivorship; and greater alert-
ness among clinicians and patients for early symptoms and
signs of cancer. Research on cancer in AYAs should also
consider the heterogeneity in cancer occurrence within this
patient population. In addition, further monitoring of popu-
lation-based trends for cancers for which mortality rates are
increasing, including colorectal and uterine corpus cancers,
is warranted.
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