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Overview

Descriptive epidemiology

Etiology and natural history
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Overall rate of 165 cases per 1,000,000 children 
<20 years

~12,400 children <20 years diagnosed each year

1 in 315 chance of developing cancer by 20

Burden of childhood cancer in the US

Source: SEER Pediatric Cancer Monograph; SEER Cancer Statistics Review
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Source: SEER Cancer Statistics Review

1% of all cancers
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Linet, Wacholder, & Zahm:

1.22 million cancers among adults

~8700 <15y
~12,400 < 20y
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Accidents

Malignant neoplasms

Congenital malformations and
chromosomal abnormalitites
Homicide/suicide

Diseases of the heart

Septicemia

Chronic lower respiratory diseases

Influenza and pneumonia

Cerebrovascular diseases

In situ neoplasms

Other

Causes of death among children ages 1-14 years, United States

Source: National Vital Statistics Report
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Four major types of cancer:

Carcinoma: cancer of epithelial cells

Sarcoma: cancer of connective tissue





Most adult cancers are carcinomas
Epithelial origin

In contrast, most childhood cancers are:
Reticuloendothelial →

 
Leukemias/lymphomas

Blastomas →
 

Embryonal cells
Sarcomas →

 
Mesenchymal origin

Cell types
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“It has been established 
firmly that, for children, 
classification of tumors 
should be based on 
morphology rather 
than, as in adults, the 
primary site of origin.”
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Source: SEER Cancer Statistics Review

Incidence rate per million children by age and ICCC group 8



Source: SEER Pediatric Cancer Monograph
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Source: SEER Pediatric Cancer Monograph
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Source: SEER Pediatric Cancer Monograph
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Source: Linabery and Ross, 2008

Childhood cancer trends

Overall nonOverall non--significant 0.4% increase per year significant 0.4% increase per year 
19921992--20042004

ALL, AML, NHL, CNS, HB, OS, GCT, Thyroid ALL, AML, NHL, CNS, HB, OS, GCT, Thyroid 
carcinoma, melanoma carcinoma, melanoma 

HD, HD, ““other leukemiaother leukemia””
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Source: SEER Pediatric Cancer Monograph
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Mention artifactual increase in CNS with intro of MRI



Source: Oeffinger et al, 2006
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Pediatric leukemia

Mainly acute leukemia among 0-19 years
73% acute lymphoblastic leukemia
18% acute myeloid leukemia
9% chronic leukemia, MDS, and NOS

Source:  SEER Cancer Statistics Review
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Relative frequency of acute and chronic leukemias by age

Source:  SEER Cancer Statistics Review
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Cytogenetic abnormalities in ALL by age

Source:  Greaves, 2002
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Pediatric melanoma
Rate per million in 2002-2006

1-4 years: 1.0
5-9 years: 1.7
10-14 years: 4.1
15-19 years: 16.9

118% increase in incidence among 0-19 year 
olds 1975-2006
1.5% annual percent change 1991-2006

Source:  SEER Cancer Statistics Review
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Source:  Strouse et al, 2005

Pediatric melanoma - location 19



Source:  Strouse et al, 2005
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Pediatric lymphoma

Lymphoma among children 0-19 years
47% Hodgkin lymphoma
36% non-Hodgkin lymphoma
10% Burkitt lymphoma

Source:  SEER Cancer Statistics Review

21



Relative frequency of lymphomas by age

Source:  SEER Cancer Statistics Review
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Pediatric Hodgkin lymphoma
Derived from lymphocytic and histiocytic cells

Source:  Pizzo and Poplack, 2002
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Pediatric non-Hodgkin lymphoma

Source:  Pizzo and Poplack, 2002
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Etiology of childhood cancer
Known: Inherited syndromes, irradiation, 

high birth weight, GWAS results

Promising: Low maternal vitamin intake, 
results of recent meta-analyses

Unpromising: Very numerous

Nixed: Neonatal vitamin K injection, 
ultrasounds
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Etiology of childhood melanoma
Literature consists mainly of case series

No case-control studies readily apparent

Risk factors:
Syndromes

Giant congenital melanocytic nevi
Neurocutaneous melanosis
Xeroderma pigmentosum

Immunosuppression
Pattern of location suggests role for sun exposure

Source:  Pizzo and Poplack, 2002
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Etiology of childhood lymphoma

Epstein-Barr Virus
Malaria co-infections in Burkitt’s

Timing of infection – high SES at higher risk
Family history
Immunosuppression

Source:  Pizzo and Poplack, 2002; SEER AYA Monograph
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In utero* origins of childhood cancer

Young age at diagnosis

Cancer cells resemble fetal/embryonal cells

Occasional prenatal diagnosis

Twin and “backtracking” studies in leukemia

Association with birth weight and congenital anomalies

* Some evidence of pre-conception window of risk as well
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Natural history of chronic disease

Exposure    Initiation                   DetectionExposure    Initiation                   Detection

Induction period    Latent period    Postmorbid periodInduction period    Latent period    Postmorbid period

ResolutionResolution
or deathor death
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Natural history of chronic disease

Exposure    Initiation                   DetectionExposure    Initiation                   Detection

Induction period    Latent period    Postmorbid periodInduction period    Latent period    Postmorbid period

ResolutionResolution
or deathor death

00--5 years5 years
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Natural history of chronic disease

Exposure    Initiation                   DetectionExposure    Initiation                   Detection

Induction period    Latent period    Postmorbid periodInduction period    Latent period    Postmorbid period

ResolutionResolution
or deathor death

Conception?    Birth?                   0Conception?    Birth?                   0--5 years5 years
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Prenatal/congenital diagnoses
Cancer Reference

Leukemia Bayoumy et al, 2003

Lymphoma Tateyama et al, 1991

Astrocytoma Heckel et al, 1995

Glioma DeBiasio et al, 2006

Medulloblastoma Komatsu et al, 2008

Neuroblastoma Nuchtern et al, 2006

Wilm’s tumor Vadeyar et al, 2000

Retinoblastoma Singh et al, 2003

Hepatoblastoma Aviram et al, 2005

Rhabdomyosarcoma Ahmed et al, 1999

Osteosarcoma Kozlowski et al, 1985

Ewing sarcoma Saito et al, 2008
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Chromosomal translocations

Source: Wikipedia, 2007
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Monochorionic twins share blood

Source: Greaves, 2005; Strong and Corney, 1967

TwinTwin--toto--twin transfusion syndrometwin transfusion syndrome

~60% of monozygotic twins

0% of dizygotic twins
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Age at onset of leukemia among concordant monozygotic twins

Source: Greaves, 2005

33



Source: Greaves, 2002

“Backtracking” leukemia 34



Implications of in utero origins

Need to consider both maternal and child 
drug disposition

Postnatal exposures may be more likely 
promoting rather than initiating
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