Special Section: Cancer in Adolescents

and Young Adults

Overview

In 2020, there will be approximately 89,500 new cancer
cases and 9,270 cancer deaths in adolescents and young
adults (AYAs) ages 15 to 39 years in the United States
(Table S1). These patients are often grouped with younger
or older patient populations, which masks important
differences in cancer distribution, tumor biology, and
survivorship. For example, an increasing body of
evidence indicates that several types of cancer in AYAs
are molecularly distinct from those that occur in other
age groups, suggesting possible differences in how
cancers in this age group develop and are most effectively
treated.”? In addition, for some cancer types, AYAs are
more likely to be diagnosed at a late stage because of both
delays in diagnosis due to the rarity of cancer in this age
group and higher uninsured rates and higher prevalence
of aggressive disease.* AYA patients also have a high risk
of long-term and late effects, including infertility, sexual
dysfunction, heart problems, and future cancers.”*

Despite the number of obstacles facing AYA cancer
patients, this group was understudied in the US until the
mid-2000s, when the National Cancer Institute (NCI), in
collaboration with the LIVESTRONG Foundation,
convened a group of experts to report on priority areas
for AYAs across the cancer continuum.’ Although this
landmark report provided the impetus for rapid progress
over the past decade, several challenges remain,
including research gaps in basic biology, treatment, and
survivorship, as well as persistent disparities in health
care access and survival for some common cancers."

Table S1. Estimated Cancer Cases and Deaths in AYAs
by Age, US, 2020

Age Estimated cases Estimated deaths
15-19 years 5,800 540
20-29 years 24,900 2,210
30-39 years 58,800 6,520
Total 89,500 9,270
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In this special section, we provide an overview of trends
in cancer incidence, mortality, and survival and discuss
some of the unique challenges among AYAs. In order to
fully describe the heterogeneity in the disease burden
within AYAs, cancer occurrence is also described
separately by age group.

Leading cancers in AYAs

The most common cancers among AYAs vary
substantially by age and are shown in Figure S1.
Adolescents (15- to 19-year-olds) have a unique cancer
profile that includes childhood cancers (e.g., acute
lymphocytic leukemia), adult cancers (e.g., thyroid and
melanoma of the skin), and a disproportionately high
burden of lymphoma. For example, Hodgkin lymphoma
accounts for 13% of cancer cases in adolescents
compared to 9% in ages 20-29 years and 3% in ages 30-39
years."" Conversely, adults 20-39 years have a higher
proportion of solid tumors. In 2020, the most commonly

Figure S1. Case Distribution (%) of Leading Cancer Types
in AYAs, US, 2012-2016
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Figure S2. Leading Sites of New Cancer Cases in AYAs, Both Sexes Combined - 2020 Estimates

Ages 15-19 Ages 20-29 Ages 30-39
Thyroid 800 Thyroid 4,600 Breast (female) 11,100
Hodgkin lymphoma 800 Testicular germ cell tumors 3,000 Thyroid 9,000
§ Brain & ONS 500 Melanoma of the skin 2,200 Melanoma of the skin 5,500
S Non-Hodgkin lymphoma 500 Hodgkin lymphoma 2,000 Colon &rectum 4,100
5 Testicular germ cell tumors 400 Breast (female) 1,500 Testicular germ cell tumors 3,100
T Acute lymphoid leukemia 400 Non-Hodgkin lymphoma 1,400 Uterine cervix 3,000
Eu Bone tumors 400 Colon &rectum 1,300 Non-Hodgkin lymphoma 2,700
‘S Soft tissue sarcomas 400 Brain & ONS 1,200 Kidney 2,400
* Melanoma of the skin 200 Soft tissue sarcomas 1,000 Uterine corpus 2,000
Acute myeloid leukemia 200 Uterine cervix 800 Brain & ONS 1,800

ONS = other nervous system. Estimates are rounded to the nearest 100 and exclude basal cell and squamous cell skin cancers, benign and borderline brain, and in situ
carcinoma of any kind. Ranking is based on modeled progress and may differ from the most recent observed data.

diagnosed cancers will be thyroid, testicular germ cell
tumors (GCTs), and melanoma of the skin in ages 20-29
years and female breast, thyroid, and melanoma in ages
30-39 years (Figure S2).

Common cancer risk factors in AYAs

Little is known about the causes of many pediatric
cancers that occur in AYAs, and established risk factors
for adult cancers are based on studies conducted among
older populations. Although the majority of cases in AYAs
occur in the absence of a known hereditary
predisposition,’** certain genetic syndromes are strongly

linked to early-onset cancers, such as:

- Lynch syndrome and colorectal, ovarian, and
endometrial cancers'

- Familial adenomatous polyposis and colorectal

cancer'®

+ Li-Fraumeni syndrome and several cancer types,

including breast, sarcoma, brain, and leukemia'
« MEN2 familial syndrome and medullary thyroid

cancer'®

In addition, a history of cancer in a parent or sibling
increases the risk of being diagnosed with cancer at a

younger age, especially if the relative was diagnosed at a
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young age.'*'*?* For example, men with a first-degree
relative with a history of a testicular GCT are four times
more likely to develop the disease compared to those

without this medical history.*!

Research is still ongoing to describe the complex
interactions between environmental exposures, health
behaviors, and/or genetic susceptibility that likely
precipitate the development of cancer in AYAs. For example,
melanoma of the skin in AYAs appears to occur among
susceptible individuals through genetic interactions with
early-life UV exposure, whereas melanoma in older adults
likely reflects cumulative lifetime UV exposure among
those with less susceptibility.” However, some exposures
may be linked to early-onset disease regardless of heredity.
In one study, excess body weight was associated with an
increased risk of early-onset colorectal cancer among
women regardless of family history of the disease.”

Exposure to infectious agents is another important risk
factor among AYAs. Infections associated with cancers in
AYAs include human papillomavirus, Epstein-Barr virus,
human immunodeficiency virus (HIV), and human
herpesvirus 8. Importantly, although smoking-related
cancers other than cervical are generally uncommon in
AYAs, cigarette smoking increases susceptibility to these

cancer-related infections.?



Cancer in AYAs by sex and
race/ethnicity

Sex

During 2012-2016, cancer incidence rates for all sites
combined were similar in females and males ages 15-19
years (23 versus 24 cases per 100,000, respectively) but
30% higher in females compared to males ages 20-29
years (55 versus 42 per 100,000) and nearly double in
females ages 30-39 years (161 versus 84 per 100,000)."
Higher incidence rates in women ages 20-39 years are
primarily driven by breast cancer, as well as higher rates
of thyroid cancer and melanoma of the skin. For example,
thyroid cancer incidence rates among women in their 20s
are more than fivefold those among men (15 versus 3 per
100,000 during 2012-2016, respectively)."! Notably,
although lung cancer is rare in AYAs, incidence rates in
women in their 30s are higher than those in men, in
contrast to higher rates among men compared to women
50 years of age and older.* Higher lung cancer rates in
young women are not fully explained by smoking
prevalence.

Despite lower overall rates, incidence is higher in males
than females for a number of cancers in AYAs. In
particular, gonadal GCTs are substantially more common
in males than females across all age groups, for reasons
that are largely unknown but may reflect sex-specific
interactions between genetic factors and maternal
hormones prior to birth.?® Testicular GCTs are the most
commonly diagnosed cancer among young adult men,
with rates peaking in the 30-39 age group (13 per 100,000
during 2012-2016)."" Conversely, ovarian GCTs are rare
and rates peak during adolescence (0.8 per 100,000).

In contrast to incidence, cancer mortality in males is
slightly higher than in females among adolescents and
young adults in their 20s (Figure S3), primarily reflecting
higher incidence rates among males for cancers with lower
survival (e.g., brain tumors and soft tissue and bone
sarcomas).” Notably, melanoma and thyroid cancer death
rates in females are similar to or lower than those in males
despite higher incidence rates because much of the
overall case burden is due to overdiagnosis (i.e., the
detection of cancers that would never have progressed or

Figure S3. Trends in AYA Cancer Incidence and Mortality
Rates for All Cancers Combined by Age and Sex,
Us, 1975-2017
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caused harm), and males are slightly more likely to be
diagnosed with distant-stage disease. Leukemia is the
leading cause of cancer death in both males and females
ages 15-29 years, whereas brain and breast cancers are
the leading causes of death in males and females,
respectively, ages 30-39 years. Although cervical cancer is
highly preventable, it is the second-leading cause of
cancer death among women ages 20-39 years.
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Race/Ethnicity

While AYAs account for 5% of cancer cases in the US
overall, they represent about 1 in 10 cases among
Hispanics and Asians/Pacific Islanders," reflecting the
young age structure of these populations. AYA cancer
incidence rates are highest in non-Hispanic whites (83
per 100,000), followed by non-Hispanic blacks (63 per
100,000), and are lowest in Asians/Pacific Islanders (54
per 100,000) (Figure S4). However, non-Hispanic blacks
have the highest cancer mortality rates (11 per 100,000)
despite 25% lower incidence rates than those in non-
Hispanic whites. In women, this largely reflects substantial
disparities in breast cancer; breast cancer mortality rates
in non-Hispanic black women in their 30s are nearly
double those in non-Hispanic whites (8.5 versus 4.5
deaths per 100,000, respectively).?®

Figure S4. AYA Cancer Incidence and Mortality Rates
by Sex and Race/Ethnicity, US, 2012-2017
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Trends in AYA cancer occurrence

Trends in incidence rates

In contrast to steadier trends among adolescents and
young adult women, cancer incidence among young adult
men increased rapidly in the late 1980s and declined in the
early 1990s in parallel with the human immunodeficiency
virus (HIV)/acquired immune deficiency syndrome (AIDS)
epidemic (Figure S3). This pattern primarily reflects a peak
in the occurrence of Kaposi sarcoma (Figure S5). The HIV/
AIDS epidemic did not contribute substantially to trends
in female AYAs or male adolescents.

During the past decade of available data (2007-2016),
rates in men ages 20-39 years were largely stable, whereas
incidence rates increased by about 1% annually in

Figure S5. Kaposi Sarcoma and Non-Hodgkin Lymphoma
Incidence Rates in Comparison to All Other Cancers
Combined among Young Adult Men, US, 1975-2016
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Figure S6. Trends in AYA Cancer Incidence Rates by Site and Age, US, 1995-2016
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adolescents and 0.4% to 1.1% annually in women ages
20-39 years. Contemporary trends, especially among

women, are driven by rapid increases in thyroid cancer
incidence rates as a result of rising detection of papillary
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thyroid tumors (Figure S6).% During 2007-2016, the
steepest increases in thyroid cancer incidence rates
occurred among adolescents, 4.9% per year among males
and 4.1% per year among females. In adults ages 20-39
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years, rates increased for cancers of the colorectum
(3%-6% per year), uterine corpus (3%), kidney (3%), and
female breast (0.2%-2%), with more rapid increases
occurring among those in their 20s. While rates are also
increasing in older adults for kidney and uterine corpus
cancers, increases in AYAs are steeper.* Increasing
attention has been given to the possible contribution of
the obesity epidemic and related factors (e.g., poor diet)
to rising incidence rates of many cancers in young adults,
such as colorectal and uterine corpus.”®* Increasing
kidney cancer rates may partly reflect increased
detection via advances in imaging. Rates also increased
in all AYA age groups for leukemia in both sexes and
testicular GCTs in men. Increases in leukemia may be
linked to increased exposure to radiation and

Figure S7. Trends in AYA Cancer Mortality Rates by Site
and Sex, US, 1975-2017
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chemotherapy for the treatment of previous cancers, as
well as obesity, although it is unclear to what extent each
of these factors contributes.**** Little is known about the
causes of rising incidence rates of testicular GCTs, but
trends may reflect changes in prenatal hormonal
exposures, as well as other environmental exposures.**3

In contrast, melanoma incidence rates have rapidly
declined in adolescents (6% annually during 2007-2016)
and adults in their 20s (3% annually) after peaking in the
early- to mid-2000s. Among adults in their 30s,
melanoma rates remained stable in females and slightly
declined among males. Recent declines in younger AYAs
may reflect successful interventions to increase sun-
protective behaviors and reduce indoor tanning.*
Similarly, cervical cancer incidence rates decreased by
2% annually during 2007-2016 among women in their 20s
but appear to have stabilized among women in their 30s.
The stable trend in women ages 30-39 years largely reflects
attenuating declines in squamous cell cervical cancer
rates due to recent slight declines in cervical cancer
screening with the Pap test.*>*” Incidence rates have
largely declined or remained stable for other common
AYA cancers, including Hodgkin lymphoma, non-
Hodgkin lymphoma, soft tissue sarcomas, bone and joint
tumors, and brain cancer.

Trends in mortality rates

Cancer mortality rates in AYAs have been declining in all
age/sex groups since at least 1975 (Figure S3). However,
these trends do not reflect the impact of the HIV/AIDS-
related cancers because these deaths 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 about 1% per year in men but
appear to have stabilized in recent years among women.
In contrast to declines for many common cancers, death
rates in AYAs during 2008-2017 increased for colorectal
and uterine corpus cancer and were stable for cervical,
thyroid, and testicular cancer (Figure S7).*” Female breast
cancer death rates have also stabilized in recent years
after more than two decades of declines.



Cancer survival in AYAs

Overall 5-year survival has increased since the mid-1970s
among AYAs with the exception of a decline during the
HIV/AIDS epidemic among young adult men. Five-year
relative survival rates for AYA patients diagnosed during
2009-2015 were generally similar across age groups
(83%-86%) and comparable to that in children (84%), but
substantially higher than that in adults 40 years of age and
older (66%).*® High overall survival in AYAs reflects
5-year relative survival rates of 94% or greater for many
of the most common cancers, such as thyroid and
testicular cancer, melanoma, and Hodgkin lymphoma,
but masks lower rates for leukemias, brain tumors, and
bone and soft tissue sarcomas (Table S2). Importantly,
overall AYA cancer survival may be artificially inflated as
aresult of overdetection of thyroid cancer, which has
>99% 5-year survival.*

Notably, there are some cancer types for which survival
progress in AYAs has lagged behind that in children.* For
example, AYAs have substantially worse 5-year relative

survival than children for acute lymphocytic leukemia
overall (60% versus 91%, respectively) and in every AYA
age group (Table S2),%® which may reflect differences in
biology and/or clinical trial participation.*® Similarly, the
5-year survival rate in AYAs for non-Kaposi soft tissue
sarcoma was lower than that in children for patients
diagnosed during 2009-2015 (73% versus 81%) despite a
higher rate during 1975-77 (70% versus 58%)." This is
partly due to the higher occurrence of aggressive clinical
characteristics among non-Kaposi sarcomas in AYAs
compared to those in children, but also reflects lower
clinical trial participation among AYAs.*

AYAs have better 5-year relative survival for most cancers
compared to older adults, with the exception of female
breast (86% in AYAs versus 91% in ages 45-64 years).*®
AYA female breast cancer patients are less likely than
older adults to be diagnosed with early-stage disease
(47% versus 60% in ages 45-54 years, 65% in ages 55-64
years, and 68% in ages 65+ respectively),' which likely
reflects diagnostic delays, as well as a higher prevalence
of aggressive molecular subtypes.”*** (See Breast Cancer

Table S2. Cancer Incidence (2012-2016), Mortality (2013-2017), and 5-year Relative Survival (2009-2015) Rates in AYAs

by Age, US
15-19 years 20-29 years 30-39 years
Incidence  Death 5-year Incidence  Death 5-year Incidence  Death 5-year
rate rate survival, % rate rate survival, % rate rate survival, %

All cancer types 235 2.8 85% 48.5 4.9 86% 122.5 15.3 83%
Acute lymphocytic leukemia 1.7 0.3 74% 0.9 0.3 52% 0.7 0.3 51%
Acute myeloid leukemia 1.0 0.3 66% 1.1 0.3 59% 1.6 0.5 57%
Bone tumors 1.6 0.5 67% 0.8 0.3 68% 0.8 0.2 74%
Brain & ONS* 2.2 0.5 77% 2.5 0.6 73% 3.7 1.5 66%
Breast (female) 0.1 - 85% 5.7 0.4 83% 46.6 4.8 86%
Colon & rectum 0.9 <0.1 82% 2.2 0.3 68% 8.3 1.8 68%
Hodgkin lymphoma 3.1 <0.1 97% 4.1 0.1 95% 3.4 0.2 94%
Kidney & renal pelvis 0.2 <0.1 73% 0.9 0.1 83% 4.9 0.3 90%
Melanoma of the skin 1.0 <0.1 95% 4.5 0.2 96% 11.2 0.6 94%
Non-Hodgkin lymphoma 1.9 0.1 88% 29 0.3 83% 5.8 0.6 83%
Soft tissue sarcoma 13 0.3 69% 21 0.4 69% 3.6 0.5 74%
Testicular germ cell tumors 3.5 <0.1 96% 1.7 0.2 95% 13.0 0.2 96%
Thyroid 3.1 - 99% 8.7 <01 >99% 18.8 <01 >99%
Uterine cervix 0.1 = = 3.1 0.3 82% 12.1 1.9 80%
Uterine corpus 0.1 - - 1.3 0.1 88% 7.8 0.5 91%

- Data not shown due to fewer than 16 cases or deaths. ONS: Other nervous system. Incidence and death rates are per 100,000 and are age adjusted to the 2000 US
standard population. *Excludes benign and borderline brain. Mortality and incidence are not directly comparable for some cancer types for which cases are defined
using histology information, including testicular germ cell tumors, brain & ONS, bone tumors, and soft tissue sarcomas.

Source: Incidence - NAACCR, 2019. Mortality — NCHS, 2019. Survival — SEER 18 registries, 2019.
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Facts & Figures 2019-2020, available on cancer.org, for more
information.) In contrast, 5-year relative colorectal
cancer survival in AYAs is higher than that in screening-
age adults ages 50+ (68% versus 64%, respectively) despite
a greater likelihood of being diagnosed with distant-stage
disease (24% versus 20% during 2012-2016, respectively).*

Compared to non-Hispanic whites, 5-year cause-specific
survival in AYAs for all cancer types combined is lower in
racial/ethnic minorities, especially non-Hispanic blacks
(75% versus 88%, respectively) (Figure S8).*® By cancer type,
some of the largest black-white racial disparities occur for
acute lymphocytic leukemia (57% versus 71%, respectively),
melanoma (90% versus 95%), and female breast cancer
(78% versus 88%). These disparities are largely driven

by delays in diagnosis and treatment as a result of
differences in insurance status and access to care, but
also by differences in tumor characteristics, such as
estrogen-receptor status for female breast cancer.>*

Prevention and early detection of
cancer in AYAs

Stage distribution for selected common cancers in AYAs
is shown in Figure S9. Compared to screening-age adults,
AYAs are more likely to be diagnosed at a distant stage
for female breast and colorectal cancers.** Although
routine cancer screening in individuals younger than 40
years of age is only recommended for cervical cancer
(beginning at age 21; see page 70), increased awareness
through self-examination could alert AYAs to changes
in the skin, breasts, and testicles. In 2018, 74% of adults
ages 21-29 years and 90% of those ages 30-39 years were
up-to-date with cervical cancer screening, compared to
86% of adults ages 40-65 years.*

Several cancers in AYAs could potentially be prevented.
For example, almost all cervical cancers can be prevented
through screening, which allows for the removal of
precancerous lesions, as well as human papillomavirus

Figure S8. Five-year Cause-specific Survival by Race/Ethnicity for Selected Cancers in AYAs, US, 2009-2015

100 _ @ Non-Hispanic white @ Non-Hispanic black Asian/Pacific Islander @ Hispanic ~ @ American Indian/Alaska Native
90 | 88 88 89 6
83 82 g1 20 85
80 75 78
70| A 67
60 | 58
€ >/ 61
g 50 |
& 40l
30 |
20 |
10 |
0
All cancers Acute lymphocytic Acute myeloid Bone tumors Brain & ONS Breast (female) Colorectum
leukemia leukemia
100 97 o5 o B o 1 e 56 >99 99 9999100
83 83
80 75 79
70 |
= 60
c
g 50
& a0
30 |-
20 |
10 |
*
0

Hodgkin lymphoma Melanoma of the skin ~ Non-Hodgkin lymphoma

Soft tissue sarcomas

Uterine cervix

Testicular germ cell tumors Thyroid

*Data are suppressed for American Indians/Alaska Natives for acute myeloid leukemia, bone tumors, and Hodgkin lymphoma due to sparse case numbers (<25 cases).

Patients were diagnosed during 2009-2015 and followed through 2016.
Source: SEER 18 registries, 2019.

36 Cancer Facts & Figures 2020

©2020, American Cancer Society, Inc., Surveillance Research


http://cancer.org

Figure S9. Stage Distribution for Selected Cancers in AYAs, US, 2012-2016

100 Local

90 |-
80 80
70
60 |-

50

Percent

40

30

20

Colorectum

Breast (female)

Source: NAACCR, 2019.

(HPV) vaccination, which is recommended for females up
to age 26 and, depending on risk, males up to age 21.7
Although studies have been primarily limited to the
effectiveness of the HPV vaccine in preventing cervical
cancer, the vaccine will likely prevent most other HPV-
related cancers. From 2011-2012 to 2015-2016, HPV
vaccination prevalence (receipt of >2 doses) increased
among AYAs ages 18-26 years but remained low overall,
especially in males (32% in ages 18-21 years and 17% in
ages 22-26 years, compared to 54% in females).* This,
combined with the comparatively low use of screening in
women ages 20-29 years, highlights important targets for
decreasing the burden of cervical and other HPV-
associated cancers in AYAs. Finally, cervical and other
tobacco-related cancers could be prevented through
reducing cigarette smoking prevalence in AYAs. In 2018,
cigarette smoking prevalence was similar between AYAs
and older adults (15% and 16%, respectively).*®

Reducing exposure to excess UV radiation through sun
protective behaviors and not sunbathing or using indoor
tanning are important for preventing melanoma and
other skin cancers. The risk of melanoma is about 60%
higher for people who begin using indoor tanning before
the age of 35, and risk increases with duration and
intensity of use.*** Although indoor tanning has
decreased in the US,* in 2015, indoor tanning prevalence
in women was 10% in ages 18-29 years and 7% in ages
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30-39 years, compared to 4% in ages 40+; indoor tanning
use among men was low (1-2%).*¢

Many additional cancers could be prevented in AYAs by
reducing obesity prevalence. Increasing incidence rates
for many solid tumors have been linked to rising excess
bodyweight. Although trends may have leveled off in
children and young adults in the past decade,* in 2015-
2016, the prevalence of excess body weight (body mass
index [BMI] >25 kg/m?*) among young adults ages 20-39
years was 65% (68% in men; 62% in women).*?

Treatment considerations for
AYAs with cancer

AYA patients can be treated at pediatric or adult cancer
centers depending on cancer type.* It is important that
the treatment team has experience in AYA oncology, as
there are several special considerations for this age
group. For example, it may be possible to adjust the
treatment regimen to help limit the risk of late effects,
such as sexual dysfunction and organ damage, given the
long life expectancy of AYA patients. The type of
treatment received should consider the patient’s health
and functional status; cognitive and physical development;
and preferences and needs.** The possibility of adverse
side effects, coupled with the financial and psychosocial
challenges of undergoing treatment during several
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important early-life transitions, may contribute to delays
in treatment and gaps in adherence.* The National
Comprehensive Cancer Network (NCCN) guidelines for
AYA oncology recommend that AYA patients be encouraged
to enroll in clinical trials as appropriate because of the
substantial knowledge gaps in AYA cancer treatment.**

Fertility preservation and sexual function

Fertility counseling and preservation are crucial
components in the management of AYA cancer because
many cancer treatments directly or indirectly affect
fertility.*®*” The American Society for Clinical Oncology
(ACSO) clinical practice guidelines recommend that
fertility preservation be discussed with all new patients
at the time of diagnosis because efforts such as sperm
banking and embryo/oocyte cryopreservation (the
freezing of fertilized or unfertilized eggs) should be
started in advance of treatment.*® 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.*® Other
reasons for not making arrangements included cost;
concerns regarding the impact of fertility preservation on
outcomes (e.g., delaying cancer treatment, effects on
offspring); and physician recommendation against
delaying treatment, especially among females.*

Semen cryopreservation (sperm banking) is the
established method for fertility preservation in men,
including those with low sperm counts, and may also be
possible in younger adolescents.®*** Research is ongoing
with regard to cryopreservation (freezing) of stem cells
from the testis, which may be an option in the future for
prepubescent males.*

The established strategy for female fertility preservation
in AYA women is egg (oocyte) cryopreservation.®®* Embryo
cryopreservation is also an option, but requires that
patients either have a partner or donor sperm for
fertilization. Oocyte cryopreservation can take 2-3 weeks;
the patient’s ovaries are first stimulated with injectable
hormones to produce mature eggs (oocytes), which are
then retrieved in a procedure under anesthesia and
cryopreserved in the lab the same day. When the patient
desires to use the eggs in the future, they are thawed and
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fertilized with sperm to create embryos (via in vitro
fertilization), and are then transferred into the woman’s
uterus. When cancer treatment cannot be delayed and/or
the patient has not reached puberty, ovarian tissue
cryopreservation may be an option for fertility
preservation at some institutions.® 4%

When female patients are planning to receive radiation
therapy to the pelvic or groin area, ovarian transposition
(a surgical repositioning of the ovaries) is an option. The
procedure helps to preserve ovarian function by surgically
positioning the ovaries away from the site of radiation.
Typically, one or both ovaries are separated from the
uterus and attached to the abdominal wall. Patients who
undergo ovarian transposition may want to consider
combining it with other fertility preservation options
because the ovaries may not be completely protected
from radiation exposure. In addition, the ovaries often
cannot be reconnected in adults after they have been
separated from the uterus, so these patients require
referral to a reproductive endocrinologist when they wish
to conceive.

Many cancer treatments can also interfere with sexual
functioning both during and after treatment; in one
study, nearly 50% of pelvic and breast cancer survivors
experienced severe, long-term sexual dysfunction.®
However, cancer patients often receive insufficient
counseling and treatment for these concerns.”” The
American Society for Clinical Oncology recommends that
problems with sexual health and dysfunction resulting
from cancer or its treatment be discussed with all
patients.®® Patients may experience problems such as
negative body image, low libido, and/or pain during
intercourse, which can be addressed through a
combination of psychosocial and/or psychosexual
counseling, over-the-counter treatments (e.g., vaginal
lubricants), or other medications (e.g., low-dose vaginal
estrogen in women or phosphodiesterase type 5
inhibitors in men).

Cancer treatment during pregnancy

Although cancer during pregnancy is extremely rare (1 per
1,000 live births),* all women of childbearing potential
should receive a pregnancy test before beginning



treatment.** Cancer during pregnancy poses significant
treatment challenges and should be managed by a
multidisciplinary team that includes obstetricians,
gynecologic oncologists, and perinatologists in addition
to medical, surgical, and radiation oncologists,” ideally
with expertise in cancer during pregnancy.

While surgery for cancer is usually safe during pregnancy,
some treatment options, such as radiotherapy, should
generally be avoided, and chemotherapy should be
avoided during the first trimester.”* Limited research
suggests chemotherapy during the second and third
trimester may be associated with low birth weight and
preterm labor,” but a multicenter prospective study
found no significant adverse cognitive or cardiac effects
among children.” The safety of hormonal therapies and
targeted treatments during pregnancy has not been fully
evaluated in humans.*

Survivorship concerns in AYA cancer

As of January 1, 2019, there were 678,420 adolescents and
young adults (47,760 adolescents ages 15-19 years and
630,660 young adults ages 20-39 years) living in the
United States with a history of a cancer diagnosis, some
of whom were diagnosed as children.”* AYA cancer
survivors must cope with psychosocial, physical, and
financial effects of cancer and its treatment, which range
from mild to severe. A high proportion of AYA survivors
report a variety of unmet needs within a year after
diagnosis, such as access to a mental health professional
(56%), cancer rehabilitation (58%), or pain management
services (63%).”

Unfortunately, little is known about the long-term
survivorship experience among AYAs compared to those
who were diagnosed as children, and much continues to
be extrapolated from childhood cancer cohorts.*
Prospective studies of AYA cancer survivors in the US are
still relatively nascent in comparison to decades-long
cohort studies in children and older adults. The first
national prospective cohort study of AYA cancer
survivors in the US, the AYA Health Outcomes and
Patient Experience (AYA HOPE) study, was conducted
among those diagnosed during 2007-2008.

Long-term and late effects

AYA cancer survivors are at risk of a number of late and
long-term effects that can influence cognitive and physical
functioning.”>"® In particular, they report worse overall
psychosocial functioning than other cancer survivors as
well as their cancer-free peers, which may reflect difficultly
in coping with treatment and recovery during early-life
transitions.”®*' Problems with fertility, sexual dysfunction,
and body image, particularly among women, are also
common among AYA cancer survivors.** Cancer and its
treatment can cause substantial disruptions in school and
work, as well as changes in functioning and appearance,
leading to feelings of shame and isolation that can create
further challenges in resuming daily life activities.**
Cancer rehabilitation or other types of physical therapy

may be helpful in some instances.

Certain types of chemotherapy used for common AYA
cancers, such as anthracyclines for lymphomas,
sarcomas, and brain tumors, have been associated with
along-term increased risk of heart problems in AYA
cancer survivors.®*% Testicular cancer survivors who
were treated with cisplatin-based chemotherapy are at
increased risk of heart and neurologic complications,
such as numbness and hearing impairment.*

See Cancer Treatment & Survivorship Facts & Figures
2019-2021, available on cancer.org, for more information on
long-term and late effects for common cancers.

Risk of subsequent cancers

The risk of subsequent cancers among AYA survivors can
be approximated by comparing the number of new
cancers in this population to the number expected in the
general population, which is referred to as the observed-
to-expected (O/E) ratio. Risk varies by original cancer
type and sex and is highest for soft tissue sarcoma
(males); Hodgkin lymphoma; and female breast cancer
and lowest for thyroid and cervical cancer (Figure S10).
The risk of subsequent cancers is related to many factors,
including underlying genetic predisposition, adverse
health behaviors, and type of initial treatment received.
For example, a recent study showed that AYAs had a
higher risk of subsequent tobacco-related cancers
compared to the general population, likely reflecting
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Figure S10. Observed-to-expected (O/E) Ratios for
Subsequent Cancers by Primary Site, Ages 15-39,
US, 1975-2016
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their higher historical smoking prevalence compared to
the general AYA population.’” Depending on the type of
treatment received and underlying familial risk, some
AYA cancer survivors are recommended to initiate
screening for colorectal and female breast cancers at a
younger age than those at average risk.*

Financial concerns

Young adults continue to be the least likely to have health
insurance compared to other age groups. In 2017,
uninsured rates in 20- to 25-year-olds and 26- to 39-year-
olds were 15%, compared to 10% among 40- to
64-year-olds.*® Lack of health insurance is associated
with diagnosis delays, leading to more extensive
treatment and poorer outcomes.* Not surprisingly, AYA
cancer survivors have more financial hardship and
out-of-pocket medical costs than the general
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population.”® As a result, young adult survivors have
higher rates of bankruptcy and more frequently forgo
needed medical care due to cost compared to older
survivors.” Financial distress among AYA survivors is
often compounded by nonmedical costs, such as student
loans and raising children.

Resources for clinicians and patients

National organizations and websites that provide
information and support to adolescents and young
adults with cancer:

- The OncoFertility Consortium
(https://www.savemyfertility.org/)

LIVESTRONG (LIVESTRONG Fertility:
https://www.livestrong.org/we-can-help/livestrong-fertility)

Children’s Oncology Group
(http://www.survivorshipguidelines.org)

« The Samfund: Support for Young Adult Cancer
Survivors (https://www.thesamfund.org)

. Teen Cancer America (https://teencanceramerica.org)
« Cancer and Careers (https://www.cancerandcareers.org/en)

« Young Survival Coalition (https://www.youngsurvival.org)

References

1. TricoliJV, Boardman LA, Patidar R, et al. A mutational comparison
of adult and adolescent and young adult (AYA) colon cancer. Cancer.
2018;124: 1070-1082.

2. TricoliJV, Blair DG, Anders CK, et al. Biologic and clinical
characteristics of adolescent and young adult cancers: Acute
lymphoblastic leukemia, colorectal cancer, breast cancer, melanoma,
and sarcoma. Cancer. 2016;122: 1017-1028.

3. Smith EC, Ziogas A, Anton-Culver H. Delay in surgical treatment
and survival after breast cancer diagnosis in young women by race/
ethnicity. JAMA Surg. 2013;148: 516-523.

4.Barr RD, Ferrari A, Ries L, Whelan ], Bleyer WA. Cancer in
Adolescents and Young Adults: A Narrative Review of the Current
Status and a View of the Future. JAMA Pediatr. 2016;170: 495-501.

5. Chao C, Bhatia S, Xu L, et al. Incidence, Risk Factors, and Mortality
Associated With Second Malignant Neoplasms Among Survivors

of Adolescent and Young Adult Cancer. JAMA Netw Open. 2019;2:
€195536.

6.LeeJS, DuBois SG, Coccia PF, Bleyer A, Olin RL, Goldsby RE.
Increased risk of second malignant neoplasms in adolescents and
young adults with cancer. Cancer. 2016;122: 116-123.


https://www.savemyfertility.org/
https://www.livestrong.org/we-can-help/livestrong-fertility
http://www.survivorshipguidelines.org
https://www.thesamfund.org
https://teencanceramerica.org
https://www.cancerandcareers.org/en
https://www.youngsurvival.org

7.Chao C, Xu L, Bhatia S, et al. Cardiovascular Disease Risk Profiles
in Survivors of Adolescent and Young Adult (AYA) Cancer: The Kaiser
Permanente AYA Cancer Survivors Study. / Clin Oncol. 2016;34: 1626-
1633.

8. Olsson M, Steineck G, Enskar K, Wilderang U, Jarfelt M. Sexual
function in adolescent and young adult cancer survivors-a
population-based study. J Cancer Surviv. 2018;12: 450-459.

9. US Department of Health and Human Services. Closing the Gap:
Research and Care Imperatives for Adolescents and Young Adults
with Cancer. Report of the Adolescent and Young Adult Oncology
Progress Review Group. NIH Publication No. 06-6067. Washington,
DC: US Department of Health and Human Services; 2006., 2006.

10. Smith AW, Seibel NL, Lewis DR, et al. Next steps for adolescent
and young adult oncology workshop: An update on progress and
recommendations for the future. Cancer. 2016;122: 988-999.

11. SEER*Stat Database: NAACCR Incidence Data — CiNA Analytic
File, 1995-2016, for Expanded Races, Custom File With County, ACS
Facts and Figures projection Project (which includes data from CDC’s
National Program of Cancer Registries (NPCR), CCCR’s Provincial
and Territorial Registries, and the NCI's Surveillance, Epidemiology
and End Results (SEER) Registries), certified by the North American
Association of Central Cancer Registries (NAACCR) as meeting
high-quality incidence data standards for the specified time periods,
submitted December 2018.

12. Greene MH, Kratz CP, Mai PL, et al. Familial testicular germ cell
tumors in adults: 2010 summary of genetic risk factors and clinical
phenotype. Endocr Relat Cancer. 2010;17: R109-121.

13. Shiyanbola OO, Arao RF, Miglioretti DL, et al. Emerging Trends
in Family History of Breast Cancer and Associated Risk. Cancer
Epidemiol Biomarkers Prev. 2017;26: 1753-1760.

14. Pearlman R, Frankel WL, Swanson B, et al. Prevalence and
Spectrum of Germline Cancer Susceptibility Gene Mutations Among
Patients With Early-Onset Colorectal Cancer. JAMA Oncol. 2017;3:
464-471.

15. Bonadona V, Bonaiti B, Olschwang S, et al. Cancer risks associated
with germline mutations in MLH1, MSH2, and MSH6 genes in Lynch
syndrome. JAMA. 2011;305: 2304-2310.

16. Galiatsatos P, Foulkes WD. Familial adenomatous polyposis. Am J
Gastroenterol. 2006;101: 385-398.

17. Mai PL, Best AF, Peters JA, et al. Risks of first and subsequent
cancers among TP53 mutation carriers in the National Cancer
Institute Li-Fraumeni syndrome cohort. Cancer. 2016;122: 3673-3681.
18. Waguespack SG, Rich TA, Perrier ND, Jimenez C, Cote GJ.
Management of medullary thyroid carcinoma and MEN2 syndromes
in childhood. Nat Rev Endocrinol. 2011;7: 596-607.

19. Metcalfe K, Lubinski J, Lynch HT, et al. Family history of cancer
and cancer risks in women with BRCA1 or BRCA2 mutations. / Nat!
Cancer Inst. 2010;102: 1874-1878.

20. Rosato V, Bosetti C, LeviF, et al. Risk factors for young-onset
colorectal cancer. Cancer Causes Control. 2013;24: 335-341.

21. Nordsborg RB, Meliker JR, Wohlfahrt J, Melbye M, Raaschou-
Nielsen O. Cancer in first-degree relatives and risk of testicular
cancer in Denmark. /nt J Cancer. 2011;129: 2485-2491.

22. Anderson WF, Pfeiffer RM, Tucker MA, Rosenberg PS. Divergent
cancer pathways for early-onset and late-onset cutaneous malignant
melanoma. Cancer. 2009;115: 4176-4185.

23.Liu PH, Wu K, Ng K, et al. Association of Obesity With Risk of Early-
Onset Colorectal Cancer Among Women. JAMA Oncol. 2019;5: 37-44.

24. Collins S, Rollason TP, Young LS, Woodman CB. Cigarette
smoking is an independent risk factor for cervical intraepithelial
neoplasia in young women: a longitudinal study. Eur J Cancer.
2010;46: 405-411.

25.Jemal A, Miller KD, Ma ], et al. Higher Lung Cancer Incidence in
Young Women Than Young Men in the United States. N Engl ] Med.
2018;378: 1999-20009.

26. Arora RS, Alston RD, Eden TO, Geraci M, Birch JM. Comparative
incidence patterns and trends of gonadal and extragonadal germ cell
tumors in England, 1979 to 2003. Cancer. 2012;118: 4290-4297.

27. Surveillance, Epidemiology, and End Results (SEER) Program
(www.seer.cancer.gov) SEER*Stat Database: Mortality — All COD, Total
U.S. (1969-2017) <Early release with Vintage 2017 Katrina/Rita
Population Adjustment> - Linked To County Attributes — Total U.S.,
1969-2017 Counties, National Cancer Institute, DCCPS, Surveillance
Research Program, released May 2019. Underlying mortality data
provided by NCHS (www.cdc.gov/nchs).

28. Surveillance, Epidemiology, and End Results (SEER) Program
(www.seer.cancer.gov) SEER*Stat Database: Mortality — All COD, Total
U.S. (1990-2017) <Early release with Vintage 2017 Katrina/Rita
Population Adjustment> - Linked To County Attributes — Total U.S.,
1969-2017 Counties, National Cancer Institute, DCCPS, Surveillance
Research Program, released May 2019. Underlying mortality data
provided by NCHS (www.cdc.gov/nchs).

29. Davies L, Welch HG. Current thyroid cancer trends in the United
States. JAMA Otolaryngol Head Neck Surg. 2014;140: 317-322.

30. Sung H, Siegel RL, Rosenberg PS, Jemal A. Emerging cancer trends
among young adults in the USA: analysis of a population-based
cancer registry. Lancet Public Health. 2019;4: e137-e147.

31. Morton LM, Swerdlow A]J, Schaapveld M, et al. Current knowledge
and future research directions in treatment-related second primary
malignancies. EJC Suppl. 2014;12: 5-17.

32. Castillo JJ, Reagan JL, Ingham RR, et al. Obesity but not
overweight increases the incidence and mortality of leukemia in
adults: a meta-analysis of prospective cohort studies. Leuk Res.
2012;36: 868-875.

33. Bray F, Ferlay ], Devesa SS, McGlynn KA, Moller H. Interpreting
the international trends in testicular seminoma and nonseminoma
incidence. Nat Clin Pract Urol. 2006;3: 532-543.

34. Morimoto LM, Zava D, McGlynn KA, et al. Neonatal Hormone
Concentrations and Risk of Testicular Germ Cell Tumors (TGCT).
Cancer Epidemiol Biomarkers Prev. 2018;27: 488-495.

35. Holman DM, Freeman MB, Shoemaker ML. Trends in Melanoma
Incidence Among Non-Hispanic Whites in the United States, 2005 to
2014. JAMA Dermatol. 2018;154: 361-362.

36.Islami F, Fedewa SA, Jemal A. Trends in cervical cancer incidence
rates by age, race/ethnicity, histological subtype, and stage at
diagnosis in the United States. Prev Med. 2019;123: 316-323.

37. White A, Thompson TD, White MC, et al. Cancer Screening Test
Use — United States, 2015. MMWR Morb Mortal Wkly Rep. 2017;66:
201-206.

38. Surveillance, Epidemiology, and End Results (SEER) Program
(www.seer.cancer.gov) SEER*Stat Database: Incidence - SEER 18 Regs
Research Data + Hurricane Katrina Impacted Louisiana Cases, Nov
2018 Sub (2000-2016) <Katrina/Rita Population Adjustment> - Linked
To County Attributes — Total U.S., 1969-2017 Counties, National Cancer
Institute, DCCPS, Surveillance Research Program, released April 2019,
based on the November 2018 submission.

Cancer Facts & Figures 2020 41


http://www.seer.cancer.gov
http://www.cdc.gov/nchs
http://www.seer.cancer.gov
http://www.cdc.gov/nchs
http://www.seer.cancer.gov

39. Siegel SE, Coccia PF, Barr R, Hayes-Lattin B, Bleyer A. RE: A
reappraisal of sex-specific cancer survival trends among adolescents
and young adults in the United States. / Nat! Cancer Inst. 2019.

40. Tricoli JV, Seibel NL, Blair DG, Albritton K, Hayes-Lattin

B. Unique characteristics of adolescent and young adult acute
lymphoblastic leukemia, breast cancer, and colon cancer. J Nat!
Cancer Inst. 2011;103: 628-635.

41. Surveillance, Epidemiology, and End Results (SEER) Program
(www.seer.cancer.gov) SEER*Stat Database: Incidence — SEER 9 Regs
Research Data, Nov 2018 Sub (1975-2016) <Katrina/Rita Population
Adjustment> - Linked To County Attributes — Total U.S., 1969-

2017 Counties, National Cancer Institute, DCCPS, Surveillance
Research Program, released April 2019, based on the November 2018
submission.

42. Bleyer A, Montello M, Budd T, Saxman S. National survival trends
of young adults with sarcoma: lack of progress is associated with lack
of clinical trial participation. Cancer. 2005;103: 1891-1897.

43. Ruddy KJ, Gelber S, Tamimi RM, et al. Breast cancer presentation
and diagnostic delays in young women. Cancer. 2014;120: 20-25.

44. Anders CK, Johnson R, Litton J, Phillips M, Bleyer A. Breast cancer
before age 40 years. Semin Oncol. 2009;36: 237-249.

45. DeRouen MC, Parsons HM, Kent EE, Pollock BH, Keegan THM.
Sociodemographic disparities in survival for adolescents and young
adults with cancer differ by health insurance status. Cancer Causes
Control. 2017;28: 841-851.

46. National Center for Health Statistics. National Health Interview
Surveys, 2015 and 2018. Public-use data files and documentation.
https://www.cdc.gov/nchs/nhis/index.htm.

47. Meites E, Szilagyi PG, Chesson HW, Unger ER, Romero JR,
Markowitz LE. Human Papillomavirus Vaccination for Adults: Updated
Recommendations of the Advisory Committee on Immunization
Practices. MMWR Morb Mortal Wkly Rep. 2019;68: 698-702.

48. Patel EU, Grabowski MK, Eisenberg AL, Packman ZR, Gravitt PE,
Tobian AAR. Increases in Human Papillomavirus Vaccination Among
Adolescent and Young Adult Males in the United States, 2011-2016.

J Infect Dis. 2018;218: 109-113.

49. Boniol M, Autier P, Boyle P, Gandini S. Cutaneous melanoma
attributable to sunbed use: systematic review and meta-analysis.
BMJ. 2012;345: €4757.

50. Lazovich D, Isaksson Vogel R, Weinstock MA, Nelson HH, Ahmed
RL, Berwick M. Association Between Indoor Tanning and Melanoma
in Younger Men and Women. JAMA Dermatol. 2016;152: 268-275.

51. Hales CM, Fryar CD, Carroll MD, Freedman DS, Ogden CL. Trends
in Obesity and Severe Obesity Prevalence in US Youth and Adults by
Sex and Age, 2007-2008 to 2015-2016. JAMA. 2018;319: 1723-1725.

52. National Center for Health Statistics. National Health and
Nutrition Examination Survey, 2015-2016. Public-use data file and
documentation.

53. Ferrari A, Thomas D, Franklin AR, et al. Starting an adolescent
and young adult program: some success stories and some obstacles
to overcome. J Clin Oncol. 2010;28: 4850-4857.

54. Network. NCC. Adolescent and Young Adult (AYA) Oncology.
NCCN Clinical Practice Guidelines in Oncology. Version 1.2020. July
11, 2019.

55. Kondryn HJ, Edmondson CL, Hill J, Eden TO. Treatment non-
adherence in teenage and young adult patients with cancer. Lancet
Oncol. 2011;12: 100-108.

42 Cancer Facts & Figures 2020

56. Levine J, Canada A, Stern CJ. Fertility preservation in adolescents
and young adults with cancer. / Clin Oncol. 2010;28: 4831-4841.

57.Johnson RH, Kroon L. Optimizing fertility preservation practices
for adolescent and young adult cancer patients. / Natl Compr Canc
Netw. 2013;11: 71-77.

58. Oktay K, Harvey BE, Partridge AH, et al. Fertility Preservation in
Patients With Cancer: ASCO Clinical Practice Guideline Update. /
Clin Oncol. 2018;36: 1994-2001.

59. Shnorhavorian M, Harlan LC, Smith AW, et al. Fertility
preservation knowledge, counseling, and actions among adolescent
and young adult patients with cancer: A population-based study.
Cancer. 2015;121: 3499-3506.

60. Hagenas I, Jorgensen N, Rechnitzer C, et al. Clinical and
biochemical correlates of successful semen collection for
cryopreservation from 12-18-year-old patients: a single-center study
of 86 adolescents. Hum Reprod. 2010;25: 2031-2038.

61. Nielsen CT, Skakkebaek NE, Richardson DW, et al. Onset of the
release of spermatozoa (spermarche) in boys in relation to age,
testicular growth, pubic hair, and height. J Clin Endocrinol Metab.
1986;62: 532-535.

62. Halpern JA, Hill R, Brannigan RE. Guideline based approach to
male fertility preservation. Urol Oncol. 2019.

63. Practice Committees of American Society for Reproductive M,
Society for Assisted Reproductive T. Mature oocyte cryopreservation:
a guideline. Fertil Steril. 2013;99: 37-43.

64. Van der Ven H, Liebenthron J, Beckmann M, et al. Ninety-five
orthotopic transplantations in 74 women of ovarian tissue after
cytotoxic treatment in a fertility preservation network: tissue activity,
pregnancy and delivery rates. Hum Reprod. 2016;31: 2031-2041.

65. Dittrich R, Hackl ], Lotz L, Hoffmann I, Beckmann MW.
Pregnancies and live births after 20 transplantations of cryopreserved
ovarian tissue in a single center. Fertil Steril. 2015;103: 462-468.

66. Sadovsky R, Basson R, Krychman M, et al. Cancer and sexual
problems. J Sex Med. 2010;7(1 Pt 2):349-73.

67. Lindau ST, Abramsohn EM, Matthews AC. A manifesto on the
preservation of sexual function in women and girls with cancer. Am J
Obstet Gynecol. 2015;213(2):166-74.

68. Carter J, Lacchetti C, Andersen BL, et al. Interventions to Address
Sexual Problems in People With Cancer: American Society of Clinical
Oncology Clinical Practice Guideline Adaptation of Cancer Care
Ontario Guideline. J Clin Oncol. 2018;36(5):492-511.

69. Smith LH, Dalrymple JL, Leiserowitz GS, Danielsen B, Gilbert
WM. Obstetrical deliveries associated with maternal malignancy in
California, 1992 through 1997. Am J Obstet Gynecol. 2001;184: 1504-
1512; discussion 1512-1503.

70. Lishner M, AviviI, Apperley JF, et al. Hematologic Malignancies

in Pregnancy: Management Guidelines From an International
Consensus Meeting. / Clin Oncol. 2016;34: 501-508.

71. Loibl S, Schmidt A, Gentilini O, et al. Breast Cancer Diagnosed
During Pregnancy: Adapting Recent Advances in Breast Cancer Care
for Pregnant Patients. JAMA Oncol. 2015;1: 1145-1153.

72.Koren G, Carey N, Gagnon R, Maxwell C, Nulman I, Senikas V.
Cancer chemotherapy and pregnancy. / Obstet Gynaecol Can. 2013;35:
263-278.

73. Amant F, Vandenbroucke T, Verheecke M, et al. Pediatric Outcome
after Maternal Cancer Diagnosed during Pregnancy. N Engl ] Med.
2015;373: 1824-1834.


http://www.seer.cancer.gov
https://www.cdc.gov/nchs/nhis/index.htm

74. Miller KD, Nogueira L, Mariotto AB, et al. Cancer treatment and
survivorship statistics, 2019. CA Cancer ] Clin. 2019;69: 363-385.

75. Keegan TH, Lichtensztajn DY, Kato I, et al. Unmet adolescent
and young adult cancer survivors information and service needs: a
population-based cancer registry study. / Cancer Surviv. 2012;6:
239-250.

76. Smith AW, Keegan T, Hamilton A, et al. Understanding care and
outcomes in adolescents and young adult with Cancer: A review of
the AYA HOPE study. Pediatr Blood Cancer. 2019;66: €27486.

77. Barnett M, McDonnell G, DeRosa A, et al. Psychosocial outcomes
and interventions among cancer survivors diagnosed during
adolescence and young adulthood (AYA): a systematic review.

J Cancer Surviv. 2016;10: 814-831.

78. Warner EL, Kent EE, Trevino KM, Parsons HM, Zebrack B]J,
Kirchhoff AC. Social well-being among adolescents and young adults
with cancer: A systematic review. Cancer. 2016;122: 1029-1037.

79. Lang MJ, Giese-Davis ], Patton SB, Campbell DJT. Does age
matter? Comparing post-treatment psychosocial outcomes in young
adult and older adult cancer survivors with their cancer-free peers.
Psychooncology. 2018;27: 1404-1411.

80. Bellizzi KM, Smith A, Schmidt S, et al. Positive and negative
psychosocial impact of being diagnosed with cancer as an adolescent
or young adult. Cancer. 2012;118: 5155-5162.

81. Dieluweit U, Debatin KM, Grabow D, et al. Social outcomes of
long-term survivors of adolescent cancer. Psychooncology. 2010;19:
1277-1284.

82. Olsson M, Enskar K, Steineck G, Wilderang U, Jarfelt M. Self-
Perceived Physical Attractiveness in Relation to Scars Among

Adolescent and Young Adult Cancer Survivors: A Population-Based
Study. J Adolesc Young Adult Oncol. 2018;7: 358-366.

83. Zebrack B, Isaacson S. Psychosocial care of adolescent and
young adult patients with cancer and survivors. J Clin Oncol. 2012;30:
1221-1226.

84. Henson KE, Reulen RC, Winter DL, et al. Cardiac Mortality
Among 200 000 Five-Year Survivors of Cancer Diagnosed at 15 to 39
Years of Age: The Teenage and Young Adult Cancer Survivor Study.
Circulation. 2016;134: 1519-1531.

85. Mulrooney DA, Yeazel MW, Kawashima T, et al. Cardiac outcomes
in a cohort of adult survivors of childhood and adolescent cancer:
retrospective analysis of the Childhood Cancer Survivor Study
cohort. BMJ. 2009;339: b4606.

86. Abouassaly R, Fossa SD, Giwercman A, et al. Sequelae of
treatment in long-term survivors of testis cancer. Eur Urol. 2011;60:
516-526.

87. Bright CJ, Reulen RC, Winter DL, et al. Risk of subsequent primary
neoplasms in survivors of adolescent and young adult cancer
(Teenage and Young Adult Cancer Survivor Study): a population-
based, cohort study. Lancet Oncol. 2019;20: 531-545.

88. US Census Bureau. Current Population Survey, Annual Social and
Economic Supplement, 2018. Available from: https://www.census.gov/cps/
data/cpstablecreator.html. Accessed November 11, 2019.

89. Keegan THM, Parsons HM, Chen Y, et al. Impact of health
insurance on stage at cancer diagnosis among adolescent and young
adults. / Natl Cancer Inst. 2019.

90. Guy GP, Jr., Yabroff KR, Ekwueme DU, et al. Estimating the

health and economic burden of cancer among those diagnosed as
adolescents and young adults. Health Aff (Millwood). 2014;33:
1024-1031.

91. Zheng Z, Jemal A, Han X, et al. Medical financial hardship among
cancer survivors in the United States. Cancer. 2019;125: 1737-1747.

Cancer Facts & Figures 2020 43


https://www.census.gov/cps/data/cpstablecreator.html
https://www.census.gov/cps/data/cpstablecreator.html

	Basic Cancer Facts
	Figure 1. Trends in Age-adjusted Cancer Death Rates* by Site, Males, US, 1930-2017
	Figure 2. Trends in Age-adjusted Cancer Death Rates* by Site, Females, US, 1930-2017
	Table 1. Estimated Number* of New Cancer Cases and Deaths by Sex, US, 2020
	Table 2. Estimated Number* of New Cases for Selected Cancers by State, US, 2020
	Table 3. Estimated Number* of Deaths for Selected Cancers by State, US, 2020
	Table 4. Incidence Rates* for Selected Cancers by State, US, 2012-2016
	Table 5. Death Rates* for Selected Cancers by State, US, 2013-2017
	Figure 3. Leading Sites of New Cancer Cases and Deaths – 2020 Estimates

	Selected Cancers
	Table 6. Probability (%) of Developing Invasive Cancer during Selected Age Intervals by Sex, US, 2014-2016*
	Table 7. Trends in 5-year Relative Survival Rates* (%) by Race, US, 1975-2015
	Table 8. Five-year Relative Survival Rates* (%) by Stage at Diagnosis, US, 2009-2015

	Special Section: Cancer in Adolescents and Young Adults
	Table S1. Estimated Cancer Cases and Deaths in AYAs by Age, US, 2020
	Figure S1. Case Distribution (%) of Leading Cancer Types in AYAs, US, 2012-2016 
	Figure S2. Leading Sites of New Cancer Cases in AYAs, Both Sexes Combined – 2020 Estimates
	Figure S3. Trends in AYA Cancer Incidence and Mortality Rates for All Cancers Combined by Age and Sex, US, 1975-2017 
	Figure S4. AYA Cancer Incidence and Mortality Rates by Sex and Race/Ethnicity, US, 2012-2017 
	Figure S5. Kaposi Sarcoma and Non-Hodgkin Lymphoma Incidence Rates in Comparison to All Other Cancers Combined among Young Adult Men, US, 1975-2016 
	Figure S6. Trends in AYA Cancer Incidence Rates by Site and Age, US, 1995-2016
	Figure S7. Trends in AYA Cancer Mortality Rates by Site and Sex, US, 1975-2017
	Table S2. Cancer Incidence (2012-2016), Mortality (2013-2017), and 5-year Relative Survival (2009-2015) Rates in AYAs By Age, US
	Figure S8. Five-year Cause-specific Survival by Race/Ethnicity for Selected Cancers in AYAs, US, 2009-2015
	Figure S9. Stage Distribution for Selected Cancers in AYAs, US, 2012-2016
	Figure S10. Observed-to-expected (O/E) Ratios for Subsequent Cancers by Primary Site, Ages 15-39, US, 1975-2016
	Figure 4. Proportion of Cancer Deaths Attributable to Cigarette Smoking in Adults 30 Years and Older, US, 2014

	Excess Body Weight, Alcohol, Diet, & Physical Activity
	Cancer Disparities
	Table 9. Incidence and Mortality Rates* for Selected Cancers by Race and Ethnicity, US, 2012-2017

	The Global Cancer Burden
	The American Cancer Society
	Sources of Statistics
	American Cancer Society Recommendations for the Early Detection of Cancer in Average-risk Asymptomatic People* 




