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In this article, the American Cancer Society provides estimates of the number of new cancer cases and deaths for children and

adolescents in the United States and summarizes the most recent and comprehensive data on cancer incidence, mortality, and

survival from the National Cancer Institute, the Centers for Disease Control and Prevention, and the North American Association

of Central Cancer Registries (which are reported in detail for the first time here and include high-quality data from 45 states

and the District of Columbia, covering 90% of the US population). In 2014, an estimated 15,780 new cases of cancer will be

diagnosed and 1960 deaths from cancer will occur among children and adolescents aged birth to 19 years. The annual inci-

dence rate of cancer in children and adolescents is 186.6 per 1 million children aged birth to 19 years. Approximately 1 in 285

children will be diagnosed with cancer before age 20 years, and approximately 1 in 530 young adults between the ages of 20

and 39 years is a childhood cancer survivor. It is therefore likely that most pediatric and primary care practices will be involved

in the diagnosis, treatment, and follow-up of young patients and survivors. In addition to cancer statistics, this article will pro-

vide an overview of risk factors, symptoms, treatment, and long-term and late effects for common pediatric cancers. CA Cancer

J Clin 2014;64:83-103.
VC
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Introduction

The diagnosis of cancer in children and adolescents is a life-altering event for them as well as their families. Although

advances in treatment have increased the overall 5-year survival rate for childhood cancers to approximately 80%, cancer is

still the second leading cause of death (following accidents) in children aged 5 to 14 years.1,2 Depending on the type of

cancer and treatment received, patients who survive 5 years may remain at risk of recurrence or progression of their primary

cancer and be at an increased risk of developing subsequent malignant neoplasms, chronic diseases, and functional impair-

ments.3 It is important that survivors of childhood and adolescent cancer are monitored for long-term and late effects.

In this article, we provide the most recent data on incidence, mortality, and survival rates and trends for cancers in chil-

dren and adolescents. We also provide an overview of information on risk factors, symptoms, treatment, and important

long-term and late effects for the most common cancers that occur in this age group, which includes leukemias and lympho-

mas, brain and central nervous system (CNS) tumors, embryonal tumors, sarcomas of bone and soft tissue, and gonadal

germ cell tumors.

Materials and Methods

Incidence, Mortality, and Survival Data

Two sources were used for cancer incidence data reported in this article. The Surveillance, Epidemiology, and End Results

(SEER) program of the National Cancer Institute reports long-term, high-quality, population-based incidence data cover-

ing up to 28% of the US population. Data for incidence trends (1975-2010) are from the SEER 9 registries and incidence

rates (2001-2010) by single year of age were based on SEER 18 registries.4,5 The North American Association of Central

Cancer Registries (NAACCR) compiles and reports incidence data for 1995 onward from cancer registries that participate

in the SEER program or the Centers for Disease Control and Prevention’s National Program of Cancer Registries, covering

up to 95% of the US population. Data for incidence rates for the most recent 5 years (2006-2010), including rates by sex,

race/ethnicity, and 5-year age group, are from NAACCR and comprise data from 45 states and the District of Columbia,
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covering 90% of the US population.6 Further details on

exclusions from the SEER and NAACCR incidence data

are available elsewhere.2,7 Incident cancer cases are classi-

fied by histology into 12 major groups using the Interna-

tional Classification of Childhood Cancer.8 Mortality data

were obtained from the Centers for Disease Control and

Prevention’s National Center for Health Statistics as reported

by the SEER program.9

All cancer cases and deaths were analyzed using SEER*-

Stat software, which incorporates population data from the

US Census Bureau.10 Incidence and death rates were

age-standardized to the 2000 US standard population and are

expressed per million children. Observed (rather than relative)

survival statistics are reported as it is not necessary to adjust

for lower life expectancy with increasing age for children, as is

often done for survival statistics in adults. Changes in

observed survival from 1975 through 1979 to 2003 through

2009 and comparisons of 5-year, 10-year, and 15-year survival

rates (1991-2000) by cancer type were based on data from the

SEER 9 registries, while overall survival (2003-2009) was

based on data from the SEER 18 registries.4,11

Projected Cancer Cases and Deaths in 2013

The precise number of new cancer cases diagnosed each year

in the nation and in every state is unknown because cancer

registration is incomplete in some states. Furthermore, the

most recent year for which incidence and mortality data are

available lags 3 to 4 years behind the current year due to the

time required for data collection, compilation, and dissemi-

nation. Therefore, we projected the numbers of new cancer

cases among children and adolescents in the United States in

2014 using a 3-step spatiotemporal model based on 1995

through 2010 high-quality incidence data from 49 states and

the District of Columbia. All states did not meet high-

quality data standards for all years and Minnesota did not

submit incidence data to the NAACCR during the 2012

call for data. For the complete details of this methodology,

please refer to Zhu et al.12 We then calculated the estimated

number of cases by cancer site by applying the percentage of

cases for each site diagnosed during 2006 to 2010 from the

NAACCR analytic file to the total number of estimated

cases in both children and adolescents.6 Estimated numbers

of benign and borderline brain tumors in children and ado-

lescents in 2014 were calculated by applying the percentage

of all brain tumors that were benign or borderline during

2006 to 2010 in the NAACCR analytic file to our estimates

of malignant brain tumors. We estimated the number of

cancer deaths expected to occur in children and adolescents

in 2014 in the United States overall by applying the percent-

age of deaths that occurred in the United States in children

aged birth to 14 years and 15 to 19 years in 2010 to the

overall estimated number of cancer deaths expected to occur

in the United States in 2014 as published previously.9,13

Other Statistics

The probability of developing cancer before age 15 years

and 20 years is estimated by the National Cancer Institute’s

DevCan software based on the average experience of the

general population and may overestimate or underestimate

individual risk due to differences in exposures or genetic

susceptibility.14

Selected Findings

Cancer Occurrence

An estimated 10,450 new cases and 1350 cancer deaths are

expected to occur among children (those aged birth-14

years) in 2014, and an additional 5330 new cases and 610

cancer deaths are expected among adolescents (those aged

15-19 years). These cancers represent 1% of all new cancers

diagnosed in the United States. The most common cancers

among children and adolescents vary by age (Fig. 1). Cancers

that are most common in children are acute lymphoblastic

leukemia (ALL) (26%), brain and central nervous system

(CNS) tumors (21%), neuroblastoma (7%), and non-

Hodgkin lymphoma (NHL) (6%) (Fig. 1). Hodgkin lym-

phoma (HL) (15%), thyroid carcinoma (11%), brain and

CNS tumors (10%), and testicular germ cell tumors (8%) are

the 4 most common cancers diagnosed in adolescents (Fig.

1). A child born in the United States has a 0.24% chance of

developing cancer before age 15 years and a 0.35% chance of

developing cancer before age 20 years; this is equivalent to

on average 1 in 408 children being diagnosed with cancer

before age 15 years and 1 in 285 children being diagnosed

with cancer before age 20 years.

An estimated 379,112 survivors of childhood and adoles-

cent cancer (diagnosed at ages birth-19 years) were alive in

the United States as of January 1, 2010. The top 3 cancers

among childhood cancer survivors are ALL, brain and

CNS tumors, and HL (Table 1). Most (70%) survivors of

childhood and adolescent cancer are aged 20 years or older.

Approximately 1 in 530 young adults between the ages of

20 years and 39 years is a survivor of childhood cancer.

Table 2 summarizes differences in cancer incidence and

mortality by sex and race/ethnicity in 2006 to 2010 for chil-

dren and adolescents, along with differences in survival for

the years 2003 to 2009. In children, incidence and mortality

rates are lower in girls than boys, while survival rates are

similar. Among adolescents, overall incidence rates are sim-

ilar between boys and girls, while mortality rates are lower

and survival is higher for girls. Some of these differences

may reflect the different types of cancers that occur in ado-

lescent boys compared to girls.

Cancer incidence, mortality, and survival rates also vary by

race and ethnicity. Non-Hispanic white (white) and
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Hispanic children have the highest incidence rates for child-

hood and adolescent cancers. Although incidence rates are

substantially lower for non-Hispanic black (black) children

and adolescents than for whites and Hispanics, death rates

are similar due to lower survival rates in blacks. Incidence

and mortality rates for Asian/Pacific Islander children and

adolescents are lower than those for whites and generally

similar to rates in black children. American Indian/Alaska

Native children have the lowest cancer incidence and mor-

tality of all racial/ethnic groups. The 5-year survival rates for

American Indian/Alaska Native children and adolescents are

in the same range as those for other racial and ethnic minor-

ity groups. Reasons for differences in the incidence of child-

hood cancers by race and ethnicity in the United States are

not well understood. Unlike many adult cancers, childhood

and adolescent cancer incidence is not consistently higher

among populations with lower socioeconomic status.15-17 In

general, the incidence of pediatric cancer is higher in indus-

trialized countries than in developing countries, but interna-

tional patterns differ by cancer type18,19 for reasons that are

generally unknown.

Racial and ethnic disparities in survival for childhood and

adolescent cancers have been noted previously.20,21 Factors

that could potentially be associated with these disparities

include socioeconomic status, parental education, health

insurance status, timely diagnosis, enrollment in cooperative

group clinical trials, knowledge about the cancer diagnosis,

quality of treatment and supportive care, differences in dis-

ease biology, genetic polymorphisms in the metabolism of

chemotherapeutic drugs, and variations in adherence to

therapy.20-22

Trends in Incidence, Mortality, and Survival

The incidence rate of pediatric cancer in the United States

has increased slightly at an annual rate of 0.6% since 1975.2

Between 1975 and 2010, incidence rates increased for 4

cancer sites, with annual percent changes ranging from

0.7% to 1.2% per year; they decreased for 1 cancer type and

FIGURE 1. Estimated New Cases of Childhood and Adolescent Cancers, United States, 2014.
Estimates are for malignant cancers only and are rounded to the nearest 10. In addition, 730 children and 630 adolescents will be diagnosed with benign and
borderline brain tumors in 2014. *Includes ganglioneuroblastoma. †Bone tumors include osteosarcoma and Ewing sarcoma.

TABLE 1. US Childhood and Adolescent Cancer Survivors
by Cancer Site, as of January 1, 2010

SITE

COMPLETE PREVALENCE COUNTS
BY AGE AT PREVALENCE

AGES BIRTH
TO 19 AGES 201 ALL AGES

All sites 113,782 265,330 379,112
Acute lymphocytic leukemia 30,171 30,318 60,489
Acute myeloid leukemia 4,045 4,222 8,267
Hodgkin lymphoma 4,514 30,739 35,253
Non-Hodgkin lymphoma 6,442 16,301 22,743
Brain and CNS 20,430 38,653 59,083
Neuroblastoma 9,704 9,748 19,452
Wilms tumor 7,831 15,707 23,538
Bone tumors 3,766 9,366 13,132
Soft tissue sarcomas 6,849 24,599 31,448
Testicular germ cell tumors 2,755 17,890 20,645
Ovarian germ cell tumors 2,464 14,628 17,092

CNS indicates central nervous system.

Note: Does not include benign and borderline brain tumors.

Source: Howlader et al, 2013.2
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were stable for 7 cancer sites (Fig. 2). Similar incidence pat-

terns were observed in Europe.23 The reasons for increasing

incidence rates are largely unknown. It is possible that

some of this increase may be due to changes in environ-

mental factors. Improved diagnosis and access to medical

care over time may also have contributed, as without medi-

cal care some children may die of infections or other com-

plications of their cancers without ever being diagnosed.24

The sharp rise in the incidence of CNS tumors that

occurred in the 1980s is thought to be largely due to the

introduction of magnetic resonance imaging (MRI) and

stereotactic biopsy, leading to a more accurate diagnosis

(see section on CNS tumors below).25

Death rates for all childhood and adolescent cancers com-

bined declined steadily by an average of 2.1% per year since

1975, resulting in an overall decline of more than 50%.

TABLE 2. Incidence, Mortality, and Survival Rates for Childhood and Adolescent Cancers by Sex and Race/Ethnicity

CHARACTERISTIC

AGES BIRTH TO 14 AGES 15 TO 19

INCIDENCE,
2006-2010*

MORTALITY,
2006-2010*

OBSERVED SURVIVAL (%),
2003-2009

INCIDENCE,
2006-2010*

MORTALITY,
2006-2010*

OBSERVED SURVIVAL (%),
2003-2009

Sex
Boys 178.0 23.3 81.3 237.7 34.5 80.0
Girls 160.1 21.1 82.0 235.5 24.7 85.4

Race/ethnicity
Non-Hispanic White 178.2 22.4 84.2 259.4 29.0 85.9
Non-Hispanic Black 134.5 21.9 75.3 171.9 30.6 76.8
Hispanic 167.3 22.6 80.3 220.7 32.4 75.8
Asian/Pacific Islander 131.9 19.1 78.3 167.8 25.6 80.4
American Indian/Alaska
Native†

117.1 15.8 78.5 200.1 24.0 77.3

*Rates are per 1,000,000 and age-adjusted to the 2000 US standard population.

†Based on data from Indian Health Service Contract Health Service Delivery Areas.

Note: Incidence rates include benign and borderline brain tumors.

Data sources: Incidence: North American Association of Central Cancer Registries; Mortality: National Center for Health Statistics and the Centers for Disease
Control and Prevention; Survival: Surveillance, Epidemiology, and End Results (SEER) program, 18 SEER Registries, National Cancer Institute.

FIGURE 2. Trends in Pediatric Cancer Incidence Rates by Site, Ages Birth to 19 Years, 1975 to 2010.
CNS indicates central nervous system. Note: Lines represent joinpoint fitted trends. Benign and borderline brain tumors are not included. Malignant bone
tumors include osteosarcoma and Ewing sarcoma. Average annual percent change for cancers with significant trends during 1975 through 2010: acute lym-
phocytic leukemia (0.7*), acute myeloid leukemia (1.1*), non-Hodgkin lymphoma (1.1*), testicular germ cell tumors (1.2*), and Hodgkin lymphoma (20.7*).
Source: Surveillance, Epidemiology, and End Results (SEER) program, 9 SEER Registries, National Cancer Institute.
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Mortality declines were observed for all major sites shown

in Figure 3, with the steepest declines noted in HL, NHL,

and ALL. Between 1975 and 2009, there were substantial

improvements in 5-year survival rates for many types of

childhood cancer due to improved treatment and supportive

care (Table 3). Although children who survive 5 years after

the diagnosis of their first cancer continue to be at an

increased risk of morbidity and mortality related to the can-

cer and its treatment, an analysis of 5-year 10-year, and 15-

year survival among childhood and adolescent cancer

patients diagnosed between 1991 and 2000 found that for

the most part children who survived 5 years after the diag-

nosis of their primary tumor had a high probability of subse-

quent survival (Table 4). The cancers with the greatest

declines in survival between 5 and 15 years after diagnosis,

reflecting continued mortality related to the disease or its

treatment, were medulloblastoma (12%), ependymoma

(9%), osteosarcoma (7%), and Ewing sarcoma (ES) (7%)

(Table 4).

Prevention and Early Detection

In contrast to cancers in adults, only a relatively small per-

centage of all childhood cancers have known preventable

causes. Ionizing radiation exposure is a well-recognized risk

factor for cancer in children and adolescents based on

studies of medical and environmental radiation exposure.

The association between low doses of ionizing radiation

received by the fetus in utero from diagnostic radiography

and the subsequent risk of leukemia and other childhood

cancers was demonstrated in the 1950s.26 As a result, pre-

cautions have been taken to minimize radiation exposure

during pregnancy. Radiation exposure from diagnostic com-

puted tomography scans is higher and more variable than

exposures from conventional x-rays, and studies suggest that

radiation exposure early in life increases the long-term risk

of leukemia and brain cancer.27,28 Health care providers are

encouraged to limit the use of computed tomography scans

in children and pregnant women to those situations in

which there is a definite clinical indication and to optimize

scans by using the lowest possible radiation dose.29

In recent years, a number of studies have demonstrated

associations between accelerated fetal growth and/or high

birth weight and pediatric cancers, including ALL, CNS

tumors, Wilms tumor (WT), NHL, and embryonal rhabdo-

myosarcoma, while low birth weight has been associated

with acute myeloid leukemia (AML) and some CNS tumor

subtypes.30-37 Although numerous epidemiologic studies

have investigated potential environmental causes of child-

hood cancers, few strong or consistent associations have

been found. The International Agency for Research on

FIGURE 3. Trends in Pediatric Cancer Mortality Rates by Site, Ages Birth to 19 Years, 1975 to 2010.
ONS indicates other nervous system. Note: Lines represent joinpoint fitted trends. The average annual percent change for cancers with significant trends dur-
ing the most recent period: acute lymphocytic leukemia (23.1* during 1988-2010), brain (21.1* during 1975-2010), non-Hodgkin lymphoma (24.1* during
1975-2010), soft tissue (21.0* during 1979-2010), kidney (21.2* during 1992-2010), and Hodgkin lymphoma (24.9* during 1975-2010). Source: National
Center for Health Statistics, Centers for Disease Control and Prevention.
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Cancer has concluded there is sufficient evidence that

parental smoking increases the risk of hepatoblastoma and

limited evidence for an association with childhood leukemia

(particularly ALL).38 They also found limited evidence that

maternal exposure to paint is linked with childhood leuke-

mia.38 It is reasonable to suggest that pediatric tumors

reflect, at least in part, an inherent risk associated with the

complex process of normal development and chance rather

than a response to an external exposure. At the same time,

there is substantial evidence that the process of development

occurring in immature cells and organisms renders them

more vulnerable to toxic exposures than mature, differenti-

ated cells.39 Given the well-documented role of germline

and somatic mutations in the development of some child-

hood cancers, as well as multiple mechanisms through

which exogenous exposures can alter development and cause

cancer, it is important to minimize population exposures to

toxic substances to protect children and other vulnerable

populations.39

Early diagnosis of cancer in children is often difficult

because of the similarity of some symptoms to those of the

more common diseases of childhood.40 Some common symp-

toms of childhood cancer that should alert parents and health

care providers include an unusual mass or swelling; unex-

plained pallor or loss of energy; a sudden tendency to bruise; a

persistent, localized pain or limping; a prolonged, unexplained

fever or illness; frequent headaches, often with vomiting; sud-

den changes in vision; and excessive, rapid weight loss. Further

information on symptoms for specific cancer types will be dis-

cussed in later sections.

Information for Selected Cancer Sites

Leukemia and Lymphoma

The 2 most common types of leukemia that occur in chil-

dren and adolescents are ALL and AML. Chronic leuke-

mias are very rare in this age group. ALL accounts for

approximately 80% of leukemia cases in children and 56% of

leukemia cases in adolescents. AML is less common in chil-

dren than ALL, comprising approximately 15% of leukemia

cases in children and 31% of cases in adolescents. HL

accounts for approximately 38% of lymphoma cases in chil-

dren and approximately 65% of cases in adolescents, while

NHL accounts for 62% of lymphoma cases in children and

approximately 35% of lymphoma cases in adolescents.

Acute Lymphocytic Leukemia

An estimated 2670 children and 410 adolescents will be diag-

nosed with ALL in 2014 (Fig. 1). ALL is the most commonly

diagnosed cancer in children, accounting for 26% of cancers

diagnosed in those aged birth to 14 years. ALL is more com-

mon in industrialized countries than in developing countries.

In industrialized countries, there is a sharp peak in ALL inci-

dence rates at ages 2 to 4 years; such a peak is not apparent

among children in developing countries.19 The characteristic

age peak for ALL in the United States is striking for white

and Hispanic children, but less so for black children (Fig. 4).

In the United States, ALL is more common in boys than in

girls and Hispanic and white children than in black children

(Table 5).

There is evidence that some cases of ALL arise in utero,

including the frequent concordance of ALL in monozy-

gotic twins, with an identical leukemic clone identified in

some studies.41 Inherited risk factors associated with ALL

include trisomy 21 (Down syndrome), which confers a 10-

fold to 20-fold increased risk; certain genetic syndromes

(Bloom syndrome, Fanconi anemia, and Nijmegen break-

age syndrome); and congenital immunodeficiency dis-

eases.41 Higher birth weight has been associated with a

higher risk of ALL in a number of studies.37,42 According

to the International Agency for Research on Cancer, there

is limited evidence that parental smoking and maternal

exposure to paint increase the risk for childhood leukemia

(particularly ALL).38 Recent studies have also suggested

TABLE 3. Pediatric Cancer 5-Year Observed Survival Rates
for 2 Time Periods, Ages Birth to 19 Years

YEAR OF DIAGNOSIS

1975-1979, 2003-2009,*
% %

All ICCC sites 63% 83%
Leukemia 48% 84%

Acute lymphocytic leukemia 57% 90%
Acute myeloid leukemia 21% 64%

Lymphomas and
reticuloendothelial neoplasms

72% 91%

Hodgkin lymphoma 87% 97%
Non-Hodgkin lymphoma 47% 85%

Brain and CNS 59% 75%
Ependymoma 37% 81%
Astrocytoma 69% 85%
Medulloblastoma 47% 70%

Neuroblastoma and
ganglioneuroblastoma

54% 79%

Retinoblastoma 92% 99%
Wilms tumor 75% 90%
Hepatic tumors 25% 74%
Bone tumors 49% 73%

Osteosarcoma 45% 71%
Ewing sarcoma 42% 72%

Rhabdomyosarcoma 49% 64%
Testicular germ cell tumors 74% 96%
Ovarian germ cell tumors 75% 94%
Thyroid carcinoma 99% 98%
Melanoma 83% 95%

CNS indicates central nervous system; ICCC, International Classification of
Childhood Cancers.

*Cases were followed through 2010.

Note: Does not include benign and borderline brain tumors.

Source: National Cancer Institute Surveillance, Epidemiology, and End Results
(SEER) program, 9 SEER registries.
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that early exposure to infections (such as in infant daycare

settings) may be protective for childhood ALL.43,44 Chem-

ical and physical exposures associated with childhood leu-

kemia are more strongly associated with AML than

ALL.45

Improved treatment for ALL in childhood increased the

5-year survival rate from 57% between 1975 and 1979 to

90% between 2003 and 2009 (Table 3). Treatment gener-

ally consists of 4 to 6 weeks of induction chemotherapy ini-

tially administered in the hospital, followed by several

months of consolidation chemotherapy and 2 to 3 years of

maintenance chemotherapy.41 Allogeneic bone marrow

transplantation is recommended for some children whose

leukemia has high-risk characteristics at diagnosis and for

children who develop recurrence after remission.41 It may

also be used if the leukemia does not go into remission after

successive courses of induction chemotherapy.

Disparities in survival between white and black children

treated for ALL have been documented in a number of

studies.20,21,46 Notably, the survival disparity has dimin-

ished in recent years from a 21% difference in 5-year sur-

vival for ALL during 1980 through 1984 (68% vs 47%,

respectively, in whites and blacks) to a 6% difference from

2003 through 2009 (90% vs 84%, respectively, in whites

and blacks).11 Survival for infants is lower than that for

children aged 1 to 14 years, largely attributable to the high

percentage of ALL cases with mixed lineage leukemia gene

rearrangements noted among infants.47

Long-term adverse health effects among children treated

for ALL include neurocognitive defects, growth deficiency,

and an increased risk of second cancers such as AML or

lymphoma. Early forms of CNS prophylaxis that combined

high doses of radiation and intrathecal chemotherapy

resulted in a high risk of neurocognitive defects; less-toxic

therapies that avoid the use of radiation have reduced, but

not eliminated, these risks. In addition, children treated

with cranial radiation therapy (CRT) for ALL in the past

had an increased risk of developing CNS and head and

neck tumors. Radiation therapy is now used in only a small

fraction of patients with ALL who are at high risk of CNS

recurrence. Patients with ALL who are treated with

anthracyclines are at risk for late cardiac effects.41

Acute Myeloid Leukemia

An estimated 500 children and 230 adolescents will be

diagnosed with AML in 2014. The incidence of AML is

highest in the first year of life (Fig. 4). Incidence rates for

AML are slightly higher in Hispanic children compared

TABLE 4. Long-Term (5-Year, 10-Year, and 15-Year) Observed and Conditional Survival for Pediatric Cancers by Site,
Ages Birth to 19 Years, United States, 1991 to 2000*

OBSERVED SURVIVAL ESTIMATED PROBABILITY
OF 15-YEAR SURVIVAL
AMONG PATIENTS WHO
HAVE SURVIVED 5 YEARS5-YEAR 10-YEAR 15-YEAR

All ICCC sites 78% 76% 74% 95%
Leukemia 74% 71% 70% 95%

Acute lymphocytic leukemia 82% 79% 78% 95%
Acute myeloid leukemia 46% 43% 43% 94%

Lymphomas and reticuloendothelial neoplasms 87% 85% 83% 96%
Hodgkin lymphoma 95% 93% 91% 96%
Non-Hodgkin lymphoma 78% 77% 76% 97%

Brain and CNS 72% 69% 66% 92%
Ependymoma 67% 59% 58% 86%
Astrocytoma 83% 81% 79% 95%
Medulloblastoma 70% 64% 58% 84%

Neuroblastoma and ganglioneuroblastoma 69% 66% 65% 94%
Retinoblastoma 97% 96% 95% 95%
Wilms tumor 92% 90% 89% 99%
Hepatic tumors 51% 51% 51% 97%
Bone tumors 68% 63% 61% 99%

Osteosarcoma 66% 60% 59% 90%
Ewing sarcoma 66% 60% 59% 90%

Rhabdomyosarcoma 65% 62% 61% 90%
Testicular germ cell tumors 94% 93% 93% 94%
Ovarian germ cell tumors 96% 96% 96% 100%
Thyroid carcinoma 98% 98% 97% 99%
Melanoma 94% 91% 89% 95%

CNS indicates central nervous system; ICCC, International Classification of Childhood Cancers.

*Cases were diagnosed between 1991 and 2000 and followed through 2010

Note: Does not include benign and borderline brain tumors.

Source: Surveillance, Epidemiology, and End Results (SEER) program, 9 SEER registries, National Cancer Institute.
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with other racial/ethnic groups (Table 5). Radiation expo-

sure is an established risk factor for childhood leukemia,

and some studies have found associations between child-

hood leukemia and specific chemicals such as benzene and

drugs used to treat cancer such as alkylating agents and

topoisomerase II inhibitors; these are more strongly associ-

ated with AML than ALL.45

Children with AML and high white blood cell counts may

develop symptoms due to the impaired transit of blasts

through small blood vessels (leukostasis).48 Many patients

with AML are prone to excessive bleeding or thrombosis due

to thrombocytopenia and other blood clotting disorders.

Death occurs within the first 2 weeks after diagnosis in 2% to

4% of children with AML due to bleeding or leukostasis.48

The treatment of AML consists of induction chemother-

apy, CNS prophylaxis, and postremission therapy. Five-year

survival rates for AML have improved in past decades but

remain lower than for ALL; the 5-year survival rate for AML

among children diagnosed between 2003 and 2009 was 64%

(Table 3). Allogeneic stem cell transplant may be recom-

mended for children with high-risk disease (unfavorable cyto-

genetics or residual/refractory disease after induction).48,49

Treatment toxicity and long-term effects for patients with

AML are similar to those for patients with ALL48; however,

AML less often requires treatment or prophylaxis of the

CNS, and therefore side effects related to radiation of the

brain are not as common. Improvements in survival for

patients with AML are associated with the use of higher

doses of anthracycline chemotherapy than were used in the

past.50 A follow-up study of 5-year survivors of AML treated

from 1970 through 1986 found a relatively low prevalence of

cardiac disease51; however, there is concern that the preva-

lence of anthracycline-related cardiac toxicity may increase in

more contemporary patient cohorts treated with higher doses.

Hodgkin Lymphoma

An estimated 380 children and 800 adolescents will be diag-

nosed with HL in 2014. HL is the most commonly diag-

nosed cancer among adolescents aged 15 to 19 years and is

rare among children aged younger than 5 years (Fig. 4). Inci-

dence rates for HL are approximately 30% higher among

white children compared with black and Hispanic children

(Table 5). Asian/Pacific Islanders have the lowest incidence

rates. Risk factors for HL include Epstein-Barr virus (EBV)

infection or having a personal history of mononucleosis, as

well as human immunodeficiency virus (HIV) infection.

HL is highly sensitive to radiation and cure can be

achieved in some patients using radiation therapy alone,

although this is seldom the preferred treatment in children

and adolescents. Survival rates for HL have increased from

FIGURE 4. Age-Specific Incidence Rates of (Left) Acute Lymphocytic Leukemia (ALL) by Race/Ethnicity and Acute Myeloid
Leukemia (AML) for All Races Combined and (Right) Non-Hodgkin lymphoma (NHL) and Hodgkin lymphoma (HL), 2001
to 2010.
Rates are not shown when based on fewer than 25 cases. Data for whites and blacks exclude Hispanic ethnicity. Due to sparse data for ALL in blacks for
some ages, data are shown for combined age groups: 7 to 10 years, 11 to 14 years, and 15 to 19 years as marked by asterisks. Note the differences in
scales. Source: Surveillance, Epidemiology, and End Results (SEER) program, 18 SEER Registries, National Cancer Institute.
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87% in 1975 through 1979 to 97% in 2003 through 2009

(Table 3). High doses of radiation used to treat HL in past

decades resulted in high rates of pulmonary and cardiac

toxicity; current therapies usually combine lower doses of

chemotherapy and radiation to achieve high cure rates with

less toxicity.52 Depending on the treatment received, long-

term and late effects of treatment can include pulmonary

dysfunction, cardiac disease, thyroid abnormalities, infertil-

ity, and second malignant neoplasms. Girls aged 10 years

and older and young women treated with radiation to the

chest for HL have a high relative and absolute risk of breast

cancer.53 One study estimated a cumulative risk of breast

cancer of 10% by age 45 years for women treated with chest

irradiation (greater than 40 grays [Gy]) for HL at age 15

years.54 Current guidelines recommend annual MRI as an

adjunct to mammographic screening for women who were

treated for HL.55

Non-Hodgkin Lymphoma

An estimated 620 children and 420 adolescents will be

diagnosed with NHL in 2014. The most common subtypes

in children and adolescents are Burkitt lymphoma (BL)

(19%), diffuse large B-cell lymphoma (22%), lymphoblastic

lymphoma (20%), and anaplastic large-cell lymphoma

(10%).6 The incidence rates of most subtypes of NHL are

much higher in boys than in girls (Fig. 5). Both the inci-

dence and subsite distribution of NHL vary throughout the

world. For example, in equatorial Africa, lymphomas

account for nearly one-half of childhood cancers, reflecting

the very high incidence of BL, which is associated with

high rates of coinfection with EBV and malaria.19 BL in

Africa, also known as endemic BL, is much more common

in boys than in girls and often arises in the jaw or around

the eyes. In the United States, the incidence of BL is also

much higher in boys than in girls, but occurs most fre-

quently in the abdomen and is more common in white than

in black children (Table 5).

EBV infection is also associated with many other types

of NHL, although not as strongly as with BL in Africa.

Immunosuppression from a variety of causes increases the

risk of NHL, including inherited immunodeficiency disor-

ders, HIV infection, and posttransplantation immune sup-

pression.56 Multiagent chemotherapy is the main form of

treatment for most types of NHL. Clinical trials are currently

TABLE 5. Pediatric Cancer Incidence Rates* by Sex and Race/Ethnicity, Ages Birth to 19 Years, United States, 2006 to
2010

ALL RACES
NON-HISPANIC NON-HISPANIC ASIAN/PACIFIC

BOYS GIRLS WHITE BLACK HISPANIC ISLANDER

All ICCC sites 196.7 182.3 201.7 146.1 184.2 140.8
Leukemia 52.0 43.1 46.9 29.9 59.6 39.4

Acute lymphocytic leukemia 38.4 30.2 34.2 18.3 44.9 28.7
Acute myeloid leukemia 7.9 8.0 7.7 7.1 8.7 8.0

Lymphomas and reticuloendothelial
neoplasms

29.8 20.7 27.4 22.2 21.6 18.3

Hodgkin lymphoma 12.9 11.8 13.9 10.3 10.2 7.5
Non-Hodgkin lymphoma 15.1 7.7 11.9 11.4 9.5 10.0

Brain and CNS 45.5 45.9 50.9 36.1 38.7 28.6
Ependymoma 3.2 2.4 3.0 2.1 2.7 2.6
Astrocytoma 16.5 15.5 18.8 12.3 12.0 9.1
Medulloblastoma 5.1 3.3 4.8 2.7 3.7 3.3

Neuroblastoma and
ganglioneuroblastoma

8.5 7.6 9.7 6.8 5.2 5.9

Retinoblastoma 2.9 3.3 2.7 3.4 3.4 3.1
Wilms tumor 5.3 6.3 6.2 6.7 4.5 2.9
Hepatic tumors 2.8 1.8 2.2 1.7 2.5 3.0
Bone tumors 9.8 7.7 9.2 7.2 8.9 6.7

Osteosarcoma 5.5 4.5 4.6 5.7 5.4 3.9
Ewing sarcoma 3.3 2.4 3.7 0.5 2.5 2.0

Rhabdomyosarcoma 5.4 4.2 4.8 5.5 4.5 2.9
Testicular germ cell tumors 9.9 - 10.9 1.4 13.6 6.1
Ovarian germ cell tumors - 4.4 3.4 5.3 6.1 4.7
Thyroid carcinoma 3.0 12.6 9.1 2.8 7.2 6.9
Melanoma 3.7 5.8 7.1 0.5 1.4 †

CNS indicates central nervous system; ICCC, International Classification of Childhood Cancers.

*Rates are per 1,000,000 and age-adjusted to the 2000 US standard population.

†Statistic not displayed if based on fewer than 25 cases.

Note: Rates include benign and borderline brain tumors.

Source: North American Association of Central Cancer Registries. Data are included from all US states and the District of Columbia except Arkansas, Minne-
sota, Nevada, Ohio, and Virginia. Rates by Hispanic ethnicity also exclude data from Massachusetts.
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underway to evaluate the role of monoclonal antibodies in

treatment of patients with pediatric B-cell neoplasms.56

Survival rates for NHL in children and adolescents have

increased dramatically in recent decades, from 47% in 1975

through 1979 to 85% in 2003 through 2009 (Table 3).

Brain and CNS Tumors

An estimated 2240 children and 540 adolescents will be

diagnosed with malignant brain and CNS tumors in

2014 (Fig. 1). In addition, 730 children and 630 ado-

lescents are expected to be diagnosed with benign and

borderline malignant brain tumors. Malignant CNS

tumors are the second most common cancer in children

(accounting for 21% of cases) and the third most com-

mon cancer type in adolescents (accounting for 10% of

cases). CNS tumors are classified by histologic type and

World Health Organization (WHO) grade ranging

from I (low) to IV (high). Because the symptoms of

benign tumors and the side effects of treatment can be

quite severe, since 2004, cancer registries have been col-

lecting data for benign and borderline as well as malig-

nant CNS tumors. We report statistics for both types

combined when available. Immunohistochemical analy-

sis, cytogenetic and molecular genetic findings, and

measures of mitotic activity are increasingly used in

CNS tumor diagnosis and classification. There are sev-

eral classification systems of CNS tumors and they are

still evolving.57 Figure 6 provides age-specific incidence

rates for 3 common categories of CNS tumors in chil-

dren and adolescents.

Astrocytoma

Astrocytomas are the most common type of CNS tumor,

accounting for 35% of CNS tumors diagnosed in children

between birth and age 19 years (Fig. 6). These tumors arise

FIGURE 5. Age-Specific Incidence Rates For Major Non-Hodgkin Lymphoma (NHL) Subtypes by Sex, United States, 2006
to 2010.
DLBCL indicates diffuse large B-cell lymphoma. Source: North American Association of Central Cancer Registries. Data are included from all US states and the
District of Columbia except Arkansas, Minnesota, Nevada, Ohio, and Virginia.

FIGURE 6. Age-Specific Incidence Rates for Common Central
Nervous System Tumors, United States, 2006 to 2010.
Source: North American Association of Central Cancer Registries. Data are
included from all US states and the District of Columbia except Arkansas,
Minnesota, Nevada, Ohio, and Virginia.
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from brain cells called astrocytes, which are star-shaped

glial cells that normally support the nerve cells in the brain.

Astrocytomas range from low grade to high grade.

Pilocytic astrocytoma, the most common type of astrocy-

toma in children, is a low-grade tumor that typically arises

in the cerebellum. Fibrillary astrocytoma, another common

type of astrocytoma in children, is usually found in the mid-

brain, has less well-defined borders, and can spread

throughout both sides of the brain.57

Medulloblastoma

Medulloblastomas are more common in children aged

younger than 10 years compared with older children and

adolescents (Fig. 6). They are highly invasive embryonal

tumors that arise in the cerebellum and have a tendency to

disseminate throughout the CNS early in their course.58

Ependymoma

Ependymomas are tumors that begin in the ependymal lin-

ing of the ventricular system or the central canal of the spinal

cord. Ependymomas range from low grade to high grade.57

The symptoms of brain tumors are varied, as is the time

course over which they develop and increase in severity.

Signs and symptoms of brain tumors depend on where in

the brain the tumor is growing, the developmental stage

and ability of the child or young person to communicate,

and whether intracranial pressure is raised.59

Trends in CNS tumors have been of interest because of a

sharp increase in overall incidence noted in the mid-1980s

(Fig. 2), with significant increases in the incidence rates for

pilocytic astrocytoma, primitive neuroectodermal tumors/

medulloblastoma, and mixed glioma.25,57,60 Many experts

believe that this short-term increase in incidence resulted from

the introduction of MRI for evaluating children with neuro-

logic conditions and the increased use of stereotactic biopsies

to document histologies in tumors that could not otherwise be

biopsied. Furthermore, the increase in the incidence rate for

pilocytic astrocytoma corresponds to a similar decrease in inci-

dence for astrocytoma not otherwise specified, likely reflecting

improved classification of these tumors.61 The overall inci-

dence rate of CNS tumors has been stable since the mid-

1980s (Fig. 2).

Children with certain genetic syndromes, including Turcot

syndrome, Li-Fraumeni syndrome, neurofibromatosis type 1,

and neurofibromatosis type 2, are at an increased risk of

developing brain and CNS tumors.57 High-dose therapeutic

radiation is a recognized cause of brain tumors. Children who

receive cranial irradiation for ALL or other cancers have an

excess risk of brain and CNS tumors. A review of epide-

miologic studies on the etiology of brain tumors in child-

hood noted that few associations had been consistently

replicated in studies by different investigators.62 A number

of recent studies, however, report associations between the

consumption of cured meats during pregnancy and child-

hood brain tumors.63-66

Treatment of brain and other CNS tumors depends

on the histology, grade, location, size, and other

prognostic factors. Whenever possible, surgery is performed

to remove as much of the tumor as possible while

avoiding damage to healthy tissue. Subsequent chemother-

apy and/or radiation therapy depends on the type of tumor,

and optimal therapy requires coordinated efforts of

pediatric specialists in fields such as neurosurgery, neuropa-

thology, radiation oncology, and pediatric oncology who

have special expertise in the care of patients with these

diseases.

Survival rates vary depending on tumor type, location, and

grade. Trends in 5-year survival rates are available for

patients with malignant brain tumors only and are presented

in Table 3 for several major histologic subtypes. While there

has been progress in survival for CNS tumors overall, there

has been little progress for some subtypes, such as diffuse

intrinsic pontine glioma (DIPG), for which the median sur-

vival time after diagnosis remains less than one year.67

Improvements in survival for many types of CNS malignan-

cies have resulted from advances in neurosurgical techniques,

delivery of radiation therapy, supportive care, and use of

combination chemotherapy.68 Nevertheless, children treated

for brain tumors have a high risk of long-term morbidity

and mortality. Late neurologic complications observed in

follow-up studies of 5-year survivors include new onset of

seizures, weakness in the arms and legs, blindness, and hear-

ing loss.68 Children who receive radiation therapy to the

hypothalamic-pituitary axis often experience neuroendocrine

effects, including growth hormone deficiency, hypothyroid-

ism, and abnormal timing of menarche.68 Cranial radiation

therapy, particularly when used in very young children, can

also result in neurocognitive deficits. For this reason, treat-

ment protocols for patients with CNS tumors have been

modified so that children aged younger than 3 years usually

receive chemotherapy first with delayed and/or reduced radi-

ation. Radiation treatment is associated with an increased

risk of subsequent neoplasms in survivors of CNS malignan-

cies, including gliomas and meningiomas.68 Radiation is not

always needed for low-grade tumors.57

Embryonal Tumors

Embryonal tumors arise from cells that are normally pres-

ent in the developing embryo and originate in developing

tissues and organ systems. These tumors are usually diag-

nosed in children before age 5 years. Three common types

of embryonal tumors in children are neuroblastoma, Wilms

tumor (WT), and retinoblastoma. Other embryonal

tumors, including medulloblastoma and rhabdomyosar-

coma, are discussed in other sections.
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Neuroblastoma

An estimated 710 cases of neuroblastoma will be diagnosed

among children aged birth to 14 years in 2014 (Fig. 1). It is

the third most common childhood cancer and represents

7% of the total cases diagnosed in this age group. Neuro-

blastoma is the most common cancer diagnosed during the

first year of life; it is very uncommon after age 10 years.

Neuroblastoma is an embryonal malignancy of the sympa-

thetic nervous system derived from primitive neural crest

cells, which can arise at any site along the sympathetic

nervous system chain; nearly one-half arise in the adrenal

gland. The incidence rate of neuroblastoma is slightly

higher in boys than girls and is substantially higher in

whites compared with children of other races/ethnicities

(Table 5). Although epidemiologic studies have investi-

gated environmental factors that may be associated with

neuroblastoma, no strong or consistent risk factors have

been identified. A family history of neuroblastoma is

present in 1% to 2% of cases. Children who have siblings

with neuroblastoma are nearly 10 times more likely to also

be diagnosed with the disease than those without a family

history.69

Neuroblastoma can metastasize via the lymphatics and

hematogenously; greater than 50% of children have

regional or distant-stage disease at diagnosis.69 A rare form

of neuroblastoma (stage 4S) presents in infants with a spe-

cific pattern of metastatic disease and is associated with

maturation and regression, often spontaneously and with-

out the necessity for cytotoxic therapy.70 In addition to

stage, prognostic factors include age, amplification of the

MYCN oncogene, histopathologic features, and DNA

ploidy. Depending on the stage and other prognostic fac-

tors, children with neuroblastoma are most often treated

with surgery and/or chemotherapy and radiation therapy;

patients with high-risk disease may receive high-dose

chemotherapy followed by stem cell transplantation.69

Ongoing clinical trials are investigating treatments for chil-

dren with high-risk disease for whom 5-year survival

remains poor; promising approaches include the develop-

ment of antibodies directed against GD2, a neuroblastoma-

specific surface antigen.71 Children who are treated for

high-risk disease have the greatest risk of treatment-related

complications, including severe sensorineural hearing loss,

infertility, cardiac toxicity, and second neoplasms related to

high-dose chemotherapy.69 Overall survival rates for chil-

dren with neuroblastoma have increased from 54% between

1975 and 1979 to 79% between 2003 and 2009 (Table 3).

Wilms Tumor

An estimated 510 cases of WT will be diagnosed among

children in 2014. Also called nephroblastoma, WT is an

embryonal tumor of the kidney that usually occurs in chil-

dren aged younger than 5 years and comprises approxi-

mately 92% of kidney tumors diagnosed in this age group

(Fig. 7). The incidence rate of WT is slightly higher in girls

than boys and in black children compared with children of

other races/ethnicities (Table 5). WT occurs bilaterally in

approximately 5% of cases.72 Approximately 6% of children

with WT have anomalies associated with germline dele-

tions or mutations in the WT1 region of chromosome 11,

including WAGR syndrome (WT, aniridia, genitourinary

abnormalities, and mental retardation), sporadic aniridia,

hypospadias, undescended testes, and Denys-Drash syn-

drome.73,74 Approximately 4% of children with WT have

anomalies associated with germline deletions or mutations

in the WT2 region of chromosome 11; approximately one-

quarter of these children have Beckwith-Wiedemann syn-

drome, an overgrowth syndrome associated with genetic or

epigenetic changes in the WT2 region of chromosome 11,

and approximately 3% have constitutional changes at the

WT2 locus without any clinical manifestations of over-

growth. Children with genetic alterations at the WT1 and

WT2 loci are more likely to present with bilateral or

familial WT.73 Additional associations between WT and

congenital anomalies, syndromes, and constitutional chro-

mosomal aberrations have been described previously.75,76

Screening with ultrasound every 3 months until at least age

8 years is recommended for children with congenital

anomalies and syndromes associated with a significantly

increased risk of WT.73

The majority of children with WT present with an

asymptomatic abdominal mass that is incidentally noted

while bathing or dressing the child.77 WT may spread by

direct extension, via lymphatics, and hematogenously;

FIGURE 7. Age-Specific Incidence Rates for Embryonal
Tumors, United States, 2006 to 2010.
Source: North American Association of Central Cancer Registries. Data are
included from all US states and the District of Columbia except Arkansas,
Minnesota, Nevada, Ohio, and Virginia.
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distant metastases are uncommon at diagnosis.

Treatment involves surgery and may also include radiation

and/or chemotherapy. In addition to stage, histology (ana-

plastic or favorable) and age at diagnosis are important

prognostic factors.77 Survival rates for WT have increased

from 75% in 1975 through 1979 to 90% in 2003 through

2009 (Table 3). Late effects observed among survivors of

WT include kyphosis and scoliosis from radiation to the

spine, anthracycline-related cardiotoxicity, end-stage renal

failure, an increased risk of second malignancies, and infer-

tility and pregnancy complications among girls treated with

radiation.77,78 The risk of end-stage renal failure is

increased among patients treated for bilateral disease78 and

those receiving radiation to the opposite kidney in unilat-

eral disease, as well as those with congenital syndromes and

anomalies associated with the WT1 gene region.78,79

Retinoblastoma

An estimated 280 children will be diagnosed with retino-

blastoma in 2014 (Fig. 1). Retinoblastoma usually occurs in

children aged younger than 5 years and accounts for approxi-

mately 5% of cancers in this age group (Fig. 7). Incidence

rates of retinoblastoma appear to be higher in sub-Saharan

Africa than in other parts of the world.18,19 Within the

United States, retinoblastoma incidence is similar in boys and

girls, does not vary substantially by race and ethnicity, and

has been stable in the US population since 1975 (Table 5)

(Fig. 2).

Symptoms of retinoblastoma include leukocoria or

“white pupil,” in which the pupil of the eye appears white

instead of red when light shines into it, eye pain or redness,

and vision problems. Retinoblastoma occurs in heritable

and nonheritable forms; approximately one-third of retino-

blastomas are heritable.80 Hereditary disease is defined as

the presence of a positive family history, bilateral or multi-

focal retinoblastoma, or an identified germline mutation of

the retinoblastoma tumor suppressor gene (RB1).81 Among

children with a germline mutation, approximately 25%

inherit it from a parent while in approximately 75% of cases

a new mutation arises in the sperm or egg and is present at

the time of conception or shortly thereafter.81 Children

with the heritable form are born with one RB1 mutation

and then must acquire another to develop the cancer. They

often present at younger ages and are more likely to have

bilateral disease. Those with the sporadic form must have 2

acquired mutations in a retinal precursor cell to develop the

disease. Patients who are found to carry a germline RB1

mutation have an increased risk of second cancers, espe-

cially if they receive radiation therapy.82 Genetic counseling

should be an integral part of therapy for patients with reti-

noblastoma, whether unilateral or bilateral.80

The type of treatment required for retinoblastoma

depends on the extent of the disease within the eye and

whether the disease has spread beyond the eye.

Treatment options consider both cure and preservation of

sight. Small tumors may sometimes be treated with cryo-

therapy, laser therapy, or thermotherapy. Patients with

advanced unilateral intraocular disease often receive enu-

cleation; this results in a cure rate of greater than 95%.80

Children with bilateral disease and some children with uni-

lateral disease may be treated with systemic and intraocular

chemotherapy to shrink tumors to a size at which local

modalities such as cryotherapy and laser are effective.

Patients with more advanced regional or distant disease are

treated with chemotherapy and sometimes surgery and/or

radiation.82 Recent studies have investigated the efficacy of

intraarterial chemotherapy, with promising results.83 Over-

all survival rates for retinoblastoma have increased from

92% between 1975 and 1979 to 99% between 2003 and

2009 (Table 3). Late effects of retinoblastoma include visual

impairment and an increased risk of secondary neoplasms,

including bone and soft tissue sarcomas and melanoma.84

Bone Tumors and Soft Tissue Sarcomas

An estimated 450 children and 370 adolescents will be

diagnosed with bone tumors in 2014 (Fig. 1). The 2 most

common types of pediatric bone tumors are osteosarcoma

(56%) and Ewing sarcoma (ES) (33%). The most common

type of pediatric soft tissue sarcoma is rhabdomyosarcoma,

which will be diagnosed in an estimated 340 children in

2014 (Fig. 1). Another type of soft tissue sarcoma, Kaposi sar-

coma, although extremely rare among children in the United

States, is very common in children in Africa due to the high

prevalence of HIV infection.18,19

Osteosarcoma

Osteosarcoma (OS) is the most common type of bone can-

cer diagnosed in children and adolescents. The incidence of

OS increases with age throughout childhood and adoles-

cence, but then decreases; it is very rare among children

aged younger than 5 years (Fig. 8). The incidence of OS is

slightly higher in boys compared with girls and rates are

also higher in black and Hispanic children compared with

white and Asian/Pacific Islander children (Table 5). OS

arises from primitive bone-forming stem cells and usually

develops in areas in which the bone is growing rapidly,

such as the distal femur and proximal tibia. OS commonly

appears as sporadic pain in the affected bone that may

worsen at night or with activity, with progression to

local swelling.85

Risk factors for OS include prior radiation treatment for

another tumor. Radiation-associated OS usually occurs 7 to

15 years after successful treatment of the primary tumor.

Some studies have found that taller children are at a greater

risk of developing OS, while others have not.86 The inci-

dence of OS is increased among individuals with the
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hereditary form of retinoblastoma and Li-Fraumeni syn-

drome, as well as several other genetic syndromes.85

Approximately 20% of patients with OS have detectable

metastases at diagnosis, most commonly in the lung.87

Nearly all patients receive systemic therapy because the

majority of patients treated with local therapy alone develop

distant metastases within several years. Current standard

therapy consists of neoadjuvant chemotherapy followed by

limb-sparing (or equivalent) surgery and adjuvant chemo-

therapy.85 Amputation is rarely needed. The 5-year survival

rate for OS was 71% in 2003 through 2009, up from 45%

in 1975 through 1979 (Table 3). Therapy-related late

effects can include anthracycline-induced cardiomyopathy,

cisplatin-related hearing loss, kidney dysfunction, second

malignancies, and infertility, especially in patients receiving

alkylating agents. Patients treated for OS may have physical

limitations resulting from surgical resection.85

Ewing Sarcoma

ES is the second most common malignant bone tumor in

children and adolescents. It is more common among older

children and adolescents than young children (Fig. 8).

Notably, incidence rates of ES are nearly 7.5 times higher

in whites than blacks, with smaller differences compared

with Hispanics and Asians/Pacific Islanders (Table 5).

Similar differences in incidence are observed globally.19 ES

tumors are characterized by genetic translocations involving

a specific genetic breakpoint region (EWSR1).88

ES tumors arise about equally in bones of the extremities

and those in other parts of the body, but may also arise in

soft tissues. They typically present as pain at the tumor site,

sometimes along with a mass or swelling. Metastases are

present in approximately 25% of patients at diagnosis; the

most common metastatic sites are the lungs, bone, and

bone marrow.89 Treatment of ES typically involves

induction chemotherapy followed by local therapy (surgery

and/or radiation) and adjuvant chemotherapy. There is

continuing uncertainty about whether surgery or radiation

therapy is preferred for local control, and in some cases

both preoperative and postoperative radiation therapy is

used.90 Survival rates for ES have increased from 42%

between 1975 and 1979 to 72% between 2003 and 2009

(Table 3). ES survivors are at increased risk of developing

second cancers, cardiac and pulmonary conditions, infertil-

ity, and musculoskeletal problems.90

Rhabdomyosarcoma

Rhabdomyosarcoma (RMS) is a cancer made up of cells

that normally develop into skeletal muscles. This cancer

accounts for 3% of childhood cancers and 2% of adolescent

cancers. There are 2 major subtypes of RMS: embryonal

RMS (approximately 75% of cases), whose incidence is

highest in children aged younger than 5 years, and alveolar

RMS (approximately 16% of cases), whose incidence does

not vary by age in children and adolescents.91 Embryonal

RMS is morphologically similar to fetal muscle while alveo-

lar RMS typically contains spaces reminiscent of pulmonary

alveoli.92 Although classic alveolar RMS is readily distin-

guishable from embryonal RMS, histologic patterns may

overlap and it is sometimes difficult to distinguish between

focal dense or sclerosing patterns of RMS and small foci of

alveolar RMS.93 This distinction is clinically important

because the embryonal form typically shows less aggressive

clinical behavior and has a better prognosis than the alveolar

form.92,94 The PAX-FOX01 fusion gene (or in a small per-

centage of cases the PAX7-FOX01 fusion gene) is almost

always present in the alveolar form but never in the embry-

onal form of RMS.93,95 The most common anatomic sites

for embryonal RMS are the head and neck area (including

the extraocular muscles of the eye), the genitourinary tract,

and the retroperitoneum, whereas alveolar RMS occurs

most often in the trunk and extremities.96 RMS often

presents with pain and/or a mass or swelling at the tumor

site.94 RMS is associated with a number of genetic syn-

dromes, including Li-Fraumeni syndrome and neurofibro-

matosis type 1.97 All patients with RMS receive systemic

chemotherapy in conjunction with either surgery and/or

radiation for local tumor control.98 Survival has improved

for RMS (from 49% in 1975-1979 to 64% in 2003-2009),

yet remains lower than that for many other pediatric cancers

(Table 3). Late effects of treatment for RMS vary depend-

ing on whether radiation therapy was given and the specific

chemotherapy agents received, which have differed over

time. Treatments for patients with intermediate-risk and

FIGURE 8. Age-Specific Incidence Rates for Bone and Soft
Tissue Sarcomas, United States, 2006 to 2010.
Source: North American Association of Central Cancer Registries. Data are
included from all US states and the District of Columbia except Arkansas,
Minnesota, Nevada, Ohio, and Virginia.
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high-risk disease continue to be studied in clinical trials in

the hopes of achieving better outcomes.99

Ovarian Germ Cell Tumors

An estimated 110 adolescent girls will be diagnosed with

malignant ovarian germ cell (OGC) tumors in 2014 (Fig. 1).

OGC tumors are more common in older girls (those aged 10-

14 years) and adolescents than in younger girls (Fig. 9). The

risk of OGC tumors is increased among individuals with sev-

eral genetic syndromes involving sex chromosomes, including

Turner syndrome and Swyer syndrome.100 OGC tumors often

cause abdominal pain, distension, and weight gain.101 Surgery

is the primary treatment; unilateral salpingooophorectomy is

an option for most patients to preserve fertility. Patients with

early-stage disease may be monitored after surgery, while those

with nonlocalized disease receive chemotherapy. The 5-year

survival rate for patients with OGC tumors is 94% (Table 3).

The chemotherapy regimens most commonly used for OGC

tumors may cause hearing loss and kidney toxicity.102

Testicular Germ Cell Tumors

An estimated 430 malignant testicular germ cell tumors

(TGCT) will be diagnosed in boys aged 15 to 19 years in

2014, making it the fourth most common cancer in this age

group. Some TGCT also occur in boys aged younger than 4

years (Fig. 9). The incidence of TGCT is higher among

whites and Hispanics than among blacks (Table 5). Nonsemi-

nomas are more common than seminomas among adolescent

boys; nonseminoma germ cell tumors are divided into 4 sub-

types (choriocarcinoma, yolk sac, embryonal carcinoma, and

teratoma), and approximately 60% contain more than one of

these histologic patterns.103,104 A lump on the testicle is usu-

ally the first sign and often leads to diagnosis at an early stage.

Risk factors for TGCT include a history of cryptorchid-

ism and a family history of the disease.102 Orchiectomy is

the primary treatment for all TGCT; subsequent treatment

varies by stage. Patients with early-stage cancers (American

Joint Committee on Cancer stages I and II) may be

observed closely after surgery; those with continued eleva-

tion of serum markers should undergo radiation therapy.

Later-stage cancer requires chemotherapy. Survival rates

for testicular cancer have improved substantially since the

mid-1970s (from 74% to 96% in 2003-2009), and most

patients have a good prognosis (Table 3).

Role of the Primary Care Physician and
Specialized Care Providers

Children and adolescents with cancer should be treated at

medical centers that specialize in childhood cancer by mul-

tidisciplinary teams including pediatric oncologists, sur-

geons, radiation oncologists, and other specialists with

experience in treating cancer in children and adolescents

such as nurses, psychologists, and social workers. At pediat-

ric cancer centers, treatment protocols are available for

most types of cancer that occur in children and adolescents,

and the opportunity to participate in clinical trials is offered

to the majority of patients and their families. Member

institutions of the Children’s Oncology Group (COG), a

National Cancer Institute-supported clinical trials group,

care for greater than 90% of children and adolescents diag-

nosed with cancer each year in the United States (children-

soncologygroup.org). The COG has nearly 100 active

clinical trials open at any given time, which include studies

to test treatments for many types of childhood cancer at

diagnosis and after recurrence, improve understanding of

pediatric cancer biology, and improve supportive care and

long-term survivorship. Children and adolescents diag-

nosed with types of cancer more commonly noted in adults

can also benefit from treatment in pediatric cancer centers.

Since pediatric cancers are most often treated with chemo-

therapy and sometimes radiation, and both modalities can

result in long-term and late effects as children age, it is

important that survivors receive appropriate follow-up care

after treatment has ended.

While undergoing active treatment, children may experi-

ence pain and other symptoms due to the cancer itself, pain

and anxiety related to medical procedures and hospitaliza-

tions, physical side effects of treatment, separation anxiety,

and psychological distress.105,106 Psychosocial support for

parents and other family members is an important compo-

nent of care for children and adolescents with cancer.107

Oncology social workers, psychologists, and other staff at

FIGURE 9. Age-Specific Incidence Rates for Gonadal Germ
Cell Tumors, United States, 2006 to 2010.
Rates are not shown when based on fewer than 25 cases. Source: North
American Association of Central Cancer Registries. Data are included from all
US states and the District of Columbia except Arkansas, Minnesota, Nevada,
Ohio, and Virginia.
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pediatric cancer centers provide psychosocial support to

families as well as help to address practical issues such as

insurance and opportunities for children to continue with

their education while undergoing treatment.

Despite advances in treatment and survival, some chil-

dren with cancer will not survive the disease. Although

patients, families, and health care providers often find it

difficult to discuss issues concerning prognosis, goals of

care, and transitions to end-of-life care, it is important that

health care providers are available, attentive, and sensitive

to these concerns.108,109 Pediatric oncology centers often

partner with the family’s pediatrician and hospice professio-

nals to provide care to terminally ill children to manage

pain and other symptoms, help families to make informed

decisions about the child’s care, and support them through

bereavement.110,111 Even in a high-quality palliative care

setting, the loss of a child to cancer is an incredibly difficult

experience for parents, siblings, and other family members.

Health care providers may play an important role in helping

families through the grieving process and providing refer-

rals for counseling and community-based support services.

Transition From Active Treatment to
Survivorship Care

Children treated for cancer often maintain their relation-

ship with their primary care pediatrician for preventive

care, health maintenance, and acute care. After cancer

treatment, children and adolescents may be monitored by

their pediatric oncologist for 3 years or more, depending on

the disease, age of the patient, and other factors. Follow-up

care by pediatric oncologists focuses on checking for recur-

rence; more extensive follow-up may be offered by the

treating oncologist or by referral to a comprehensive clinic.

When the time comes for discontinuing visits to the

pediatric oncologist for initial follow-up care, long-term

follow-up care is still needed. Such follow-up care includes

assessment of short-term and long-term complications and

late effects of cancer therapies; detection of recurrent and

secondary cancers; counseling about behaviors such as

smoking, diet, and physical activity; assessment of psycho-

social adjustment and quality of life; and treatment for any

identified late effects.

At the completion of treatment, it is important that a

primary care clinician receives information from the cancer

care team concerning cancer treatments and dosages, possi-

ble late effects, and guidance on appropriate follow-up care,

and coordinates with providers or centers that are providing

long-term survivorship care.112 The availability and dura-

tion of follow-up and specialized survivorship care by the

pediatric oncologist and/or survivorship center will influ-

ence the roles and responsibilities of the primary care clini-

cian.113 Research is currently underway to define optimal

models for survivorship care.113

Specific areas of concern for cancer survivors during

childhood and adolescence include neurocognitive and neu-

rosensory impairment, disordered growth and development,

and gonadal and reproductive function.114 Neurocognitive

difficulties are associated with CRT and certain chemo-

therapy exposures; CRT and focal irradiation for facial

malignancies and certain chemotherapy drugs are associated

with vision or hearing impairment. It is recommended that

children at high risk receive serial testing for neurocognitive

and vision/hearing deficits as some of these may worsen

with time and may require therapeutic and educational

interventions.115 Survivors who received CRT and facial

radiation therapy are also at risk for injury to the

hypothalamic-pituitary axis, resulting in growth impair-

ment, hypothyroidism, delayed or accelerated puberty,

infertility, and obesity and metabolic syndrome. Survivors

of childhood cancer sometimes develop dental problems as

a result of chemotherapy and radiation therapy adminis-

tered during the development of permanent teeth. Patients

receiving anthracyclines or thoracic irradiation are at an

increased risk of cardiac-related health problems, generally

manifesting as left ventricular dysfunction. A baseline elec-

trocardiogram and test of cardiac function (such as an echo-

cardiogram or multiple-gated acquisition scan) is

recommended at the first follow-up/long-term care visit

and then at regular intervals as specified by the COG or

the clinician’s follow-up plan.115,116 Although uncommon,

primary care physicians should remain alert for late recur-

rences and secondary neoplasms.117,118 Many of the late

effects of childhood and adolescent cancer may not become

apparent until adulthood. Therefore, it is important that

young adults who are transitioning from pediatric to adult

primary care receive information regarding their cancer

experience, including diagnosis and treatment, as well as

subsequent follow-up recommendations, especially if they

are not participating in specialized survivorship care pro-

grams.119 The COG has developed long-term follow-up

guidelines for survivors of childhood cancers.115 These

guidelines help health care providers and patients know

what to watch for and what type of surveillance is appropri-

ate for problems that can be reduced or prevented. More

information on these guidelines is available at the COG

Web site (survivorshipguidelines.org).

Epidemiologic and Clinical Studies of Long-
Term and Late Effects Among Survivors

The Childhood Cancer Survivor Study (CCSS), a study of

the mortality experience of 20,483 patients who were 5-

year survivors of childhood and adolescent cancer and who

were diagnosed between 1970 and 1986, found an increased

risk of all-cause mortality up to 30 years after diagnosis.3

Among the 2534 deaths identified in the study, greater
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than one-half (58.0%) were due to recurrence/progressive

disease and 470 (18.5%) were due to subsequent neoplasms

(standardized mortality ratio [SMR], 15.2; 95% confidence

interval [95% CI], 13.9-16.6). Increased risks for mortality

were from cardiac causes (142 deaths; SMR, 7.0 [95% CI,

5.9-8.2]), pulmonary causes (67 deaths; SMR, 8.8 [95%

CI, 6.8-11.2]), and other medical causes (200 deaths;

SMR, 2.6 [95% CI, 2.3-3.0]).

The CCSS also reported on the incidence of late recur-

rences and subsequent neoplasms distinct from the primary

diagnosis among 14,359 patients from the larger cohort who

could be contacted and agreed to participate in active fol-

low-up.117,120 The cumulative incidence of late recurrences

(first recurrences occurring greater than 5 years after diagno-

sis) in the cohort overall was 4.4%, 5.6%, and 6.2%, respec-

tively, at 10 years, 15 years, and 20 years.117 Survivors of

astrocytoma, ES, medulloblastoma, and “other leukemias”

had the highest incidence of late recurrences, with a cumula-

tive incidence at 20 years of 14.4, 13.0, 9.3, and 9.4%,

respectively. The cumulative incidence of diagnosis with one

subsequent (benign or malignant) neoplasm after a median

follow-up of 23 years was 9.6%; among patients who devel-

oped at least one subsequent neoplasm, 27.9% developed a

second neoplasm, and 39.6% developed a third neoplasm.

There were 802 subsequent malignant neoplasms (standar-

dized incidence ratio, 6.0; 95% CI, 5.5-6.4), 159 nonmalig-

nant meningiomas (plus 11 malignant meningiomas), and

168 other benign and in situ neoplasms. Breast cancer was

the most common subsequent malignant neoplasm (188

incident tumors), followed by thyroid cancers (128 incident

tumors). The median latency between the primary cancer

diagnosis and subsequent malignancy ranged from 9 years

for a leukemia diagnosis to 23 years for small intestine and

colorectal cancer diagnoses. A case-control study estimated

the relationship between radiation dose to the breast and

ovaries and the risk of breast cancer among women in the

CCSS who were diagnosed between 1970 and 1986. A lin-

ear relationship was found between radiation dose to the

breast and relative risks for breast cancer, with an estimated

relative risk of 6.4 at a dose of 20 Gy and 11.8 at a dose of

40 Gy.121 Breast cancer risk was attenuated among women

who also received radiation doses of 5 Gy or greater to the

ovaries, reflecting the important role of hormonal stimula-

tion on radiation-induced breast cancer.121 The elevated risk

of breast cancer noted among survivors of childhood and

adolescent cancers supports the importance of evidence-

based screening guidelines for this high-risk group.122,123

It is hoped that the risk of second and subsequent neo-

plasms will decline in more contemporary cohorts due to

reductions in the use of radiation therapy as well as reduc-

tions in radiation doses and field sizes.121 Although much

of the increased incidence of cancer in survivors of pediatric

cancer is associated with the late effects of cancer treat-

ment, survivors of some cancers may have an increased risk

related to genetic factors and syndromes associated with

their primary cancer.119

The prevalence of chronic health conditions was evaluated

among 1713 adult cancer survivors enrolled in the St. Jude

Lifetime Cohort Study using physical examinations and lab-

oratory tests.124 Among survivors who had been treated with

cardiotoxic therapies, 56% had cardiac abnormalities, 46% of

which were newly discovered as a result of the St. Jude Life-

time Cohort Study evaluation. The American Heart Associ-

ation recently published a scientific statement on long-term

cardiovascular toxicity in children, adolescents, and young

adults who receive cancer therapy; this extensive review

covers pathophysiology, course, monitoring, management,

prevention, and research directions.125

Global Burden of Childhood Cancer

An estimated 175,000 cases of cancer are diagnosed annu-

ally in children aged younger than 15 years worldwide, and

fewer than 40% of patients (mostly those in high-income

countries) are thought to be adequately diagnosed and

treated.126 A child’s probability of surviving cancer is poor

in less-developed countries, and extreme discomfort is

likely in the absence of palliative care. Many childhood can-

cers are highly curable if diagnosed at an early stage, and

some treatment regimens are relatively simple, inexpensive,

and well established.127 For example, approximately 50% of

African patients with BL can be cured with a 28-day course

of low-dose cyclophosphamide and prednisone and 4 intra-

thecal injections costing less than $50.128,129 A number of

organizations have drawn attention to the survival disparity

for retinoblastoma, which is highly treatable when detected

early, between high-income and low-income countries.130

Approaches for improving outcomes for children and adoles-

cents in low-income countries, including public awareness

campaigns, community health worker and physician educa-

tion, hospital twinning, and equipment donation, could

improve early detection and treatment.131 Hospital twin-

ning, which involves the pairing of hospitals in high-income

countries with those in low- and middle-income countries to

share knowledge, skills, and resources, has proven to be a

viable model for improving outcomes for childhood and

adolescent cancer in these countries.131 As in high-income

countries, palliative care is an essential component of care in

low- and middle-income countries, and it is important that

health care providers be trained in palliative care and that

drugs such as morphine be available worldwide.131

Challenges and Future Directions

Childhood cancer is a success story of modern medicine in

which effective treatments have been identified for previously

untreatable diseases. For many pediatric cancers, much
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progress has been made using chemotherapeutic agents

and treatment modalities introduced decades ago with refine-

ment to improve disease-free survival while minimizing

treatment-related morbidity.132 Better understanding of

treatment-related toxicity has not only guided the design of

less-toxic therapies, but also the development of treatment

summaries, survivorship plans, and efforts to harmonize survi-

vorship guidelines worldwide that serve as a model for the sur-

vivorship care of adult patients with cancer.133 It is important

that more recent cohorts of childhood and adolescent patients

with cancer continue to be followed to determine how therapy

modifications impact the prevalence and spectrum of late

effects. For example, the increased use of dexamethasone in

contemporary ALL therapy has resulted in a higher prevalence

of osteonecrosis and spurred research to identify clinical and

genetic factors predisposing patients to this complication and

its long-term functional limitations. Likewise, longer follow-

up is needed to determine whether restricting the anthracy-

cline dose actually reduces the risk of cardiomyopathy or sim-

ply delays the time to the onset of clinically symptomatic left

ventricular systolic dysfunction.49 It is important to apply

known interventions that can reduce the impact of cancer and

treatment-related late effects on quality of life, morbidity, and

mortality as well as to develop and test new interventions. For

example, survivors of HL who are treated with chest irradia-

tion have an increased risk of developing lung cancer, and

tobacco use increases this risk 20-fold.134 Successful smoking

prevention and cessation strategies among survivors can

decrease the risk of this prevalent and highly morbid cancer of

adulthood, while also decreasing the development and pro-

gression of atherosclerosis and other second cancers. Screening

of young women at an increased risk of breast cancer due to

chest irradiation has already been mentioned. Survivors of

childhood cancer, particularly those who received radiation to

the hypothalamic-pituitary axis, are also at risk of obesity.135

Obesity can, in turn, exacerbate the increased risks of cardio-

vascular disease associated with anthracycline therapy and

radiation therapy to the chest. Modifiable cardiovascular risk

factors, such as hypertension, can potentiate the risk of major

cardiac events and both behavioral and medical interventions

can potentially reduce these risks.136 Research to define opti-

mal intervention strategies and well-integrated survivorship

care models are both needed.

Five-year survival rates for some cancers, primarily leuke-

mias and lymphomas, have continued to improve over the

past decade, while improvements in survival for a number

of solid tumors have plateaued within the past 10 to 20

years.47 For progress to be sustained and renewed, it is

important that research be conducted to identify novel and

innovative therapies that build on an increased understand-

ing of cellular pathways promoting tumor cell growth and

survival. Research to achieve this aim will likely involve the

full spectrum of basic to applied research, with “bench-to-

bedside” application requiring clinical trials with biologi-

cally defined patient subsets, thereby requiring even greater

cooperation by national and international childhood cancer

clinical trial groups.47

Although advances in the treatment of childhood cancer

have saved many lives over recent decades, there has been

less progress made in understanding the causes and preven-

tion of childhood and adolescent cancers. Numerous stud-

ies have investigated the causes of childhood cancers;

however, few strong or consistent associations leading to

preventive strategies have been identified. Most childhood

cancer studies have been case-control in design, and depend

on parental recall to identify environmental exposures that

occurred in their past and their child’s life. This method is

subject to recall bias (parents of a child who is ill may recall

exposures that parents of healthy children do not) and mea-

surement error (for the most part, estimates of exposure

based on recall are less accurate than those based on records

or actual measurements). In addition, most prior epidemio-

logic studies did not examine histologic or molecular sub-

types of tumors, although it is quite likely that such

subtypes may differ in etiology. Some of these limitations

are being addressed in more recent studies.137 Of particular

note, an International Childhood Cancer Cohort Consor-

tium has been established to facilitate collaboration in the

analyses of cancer risk factors among investigators conduct-

ing prospective cohort studies.138
�
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