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ABSTRACT

the incidence of pediatric cancers has steadily increased since 1975, 
which could suggest that other exogenous factors are accounting 
for an increasing proportion of cases. there has been growing concern 
over environmental exposures (i.e., toxicants) the on development of 
pediatric cancers. However, identifying environmental exposures on 
childhood cancer risk has been challenging because these outcomes 
are infrequent compared to cancer in adults, and it is difficult to 
estimate exposure during specific critical periods of development 
(e.g., pre-conception, in utero, early childhood) that are likely more 
important for childhood cancer development. Here, we summarize 
the international Agency for research on cancer (iArc) Group 1 
agents (toxicants known to be carcinogenic to humans), their routes 
of exposure, current methods for risk mitigation, and what is known 
of their associations with pediatric cancer risk. our review suggests 
that environmental toxicants are important and potentially modifiable 
risk factors that need to be more fully explored in children and 
adolescents.

Each year in the United States, more than 15,000 children and adolescents are diag-

nosed with cancer, which is the leading cause of disease-related mortality among 

youth.1 Notably, the incidence of pediatric cancers has steadily increased (approximately 

0.8% per year) since 1975, resulting in a 45% increase between 1975 and 2018 (https://

seer.cancer.gov/explorer/). Through large-scale sequencing efforts, we now know that 

approximately 10% of all cancers in children are caused by an inherited pathogenic 

variant.2 Additionally, recent advances in cancer genetics have led to a better under-

standing and improved molecular classification of some of these cancers, which has 

led to improved survival in some instances. However, for most children, the underlying 

etiologies of their cancers remain largely unknown, suggesting that exogenous factors 

are accounting for an increasing proportion of cases.1

Specifically, there has been growing concern over environmental exposures (i.e., 

toxicants) on the development of pediatric cancers. The International Agency for 

Research on Cancer (IARC) has created monographs to help identify environmental 
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toxicants known to increase the risk of cancers in humans.3 These environmental 

toxicants include exposure to certain metals, hazardous air pollutants, radiation, food 

and plants, herbicides and pesticides, and occupational hazards. IARC classifies agents 

as carcinogenic to humans [group 1], probably carcinogenic to humans [group 2A], 

possibly carcinogenic to humans [group 2B], and not classifiable as to its carcinoge-

nicity to humans [group 3].3 The majority of these exposures have been well studied 

with respect to cancer risk in adults but not children. Here, we summarize the IARC 

Group 1 agents, their routes of exposure, current methods for risk mitigation, and 

what is known of their associations with pediatric cancer risk (Table 1).3

Metals. Exposure to cadmium, chromium, and nickel has been associated with 

several adult and pediatric cancers. In children, exposure to cadmium through con-

taminated food and water and measured in serum, urine, hair, and nails showed a 

significant positive association with leukemia and lymphoma.4 Exposure to chromium 

measured in the ambient air was associated with increased risk of neuroblastoma and 

exposure estimated from parental occupations was associated with increased risk of 

testicular germ cell tumor.5,6 Nickel may also be an etiological factor for childhood 

acute leukemia by causing oxidative DNA damage and one study showed that urinary 

nickel was significantly higher in patients with lymphoid and myeloid leukemia com-

pared to controls.7 While exposure to arsenic and beryllium have been linked to several 

adult cancers, studies evaluating these metals in children have either reported null 

results or have yet to be conducted in younger populations.

Organic Chemicals, Compounds, and Substances. Of the 20 substances linked to 

various adult tumors, only five have been evaluated in children and only for asso-

ciations with pediatric leukemias and neuroblastoma. Hazardous air pollutants com-

prise most of the organic compounds and substances listed in Table 1. A recent 

systematic review reported that benzene exposure in children was associated with 

childhood leukemia and other hematological cancers.8 Similarly, a recent meta-analysis 

reported that parental, in utero, and early-life exposure to benzene estimated from 

occupations, households, traffic density, and traffic-related air pollution was associated 

with lymphoid and myeloid leukemia.9 A positive association was also observed 

between 1,3-butadiene and lymphoid leukemia in air pollutant models.10 Exposure 

to polycyclic aromatic hydrocarbons (PAHs), such as benzopyrene, measured in 

patients exposed to vacuum dust was associated with increased risk of childhood 

lymphoid leukemia.11 Additionally, a large population-based study reported an 

increased risk of neuroblastoma from maternal exposure to PAHs measured from 

community-based air pollution monitors during pregnancy.5 Another population-based 

case-control study that included 35 counties in northern and central California from 

2001-2006 reported that residential exposure to polychlorinated biphenyls (PCBs) 

measured in carpet dust was associated with a two-fold increase in risk of lymphoid 

leukemia.12 A recent systematic review and meta-analysis reported that paternal daily 

cigarette smoking during pregnancy was related to a significantly increased risk of 

childhood lymphoid and myeloid leukemia.13

Ionizing radiation is generally classified into two categories – photons (x-radiation 

and gamma radiation) and particles (alpha and beta particles and neutrons) that can 

cause genetic damage and increase risk of cancers.3 In children, exposure to radium 
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and radon based on residential exposure level and time showed a linear dose-response 

with risk of lymphoid leukemia.14 Strontium concentrations measured in baby teeth 

were significantly correlated with cancer incidence in children 0 to 4 years of age.15 

Background radiation from gamma rays estimated from geographical models may also 

contribute to the risk of pediatric leukemia and brain tumors.16 Additionally, childhood 

survivors of the atomic bomb blasts from World War II were found to have an increased 

risk of leukemia and solid tumors up to 55 years after the exposure, and children 

exposed to radiation from the Chernobyl nuclear accident were found to have a 

dose-related increased risk of thyroid cancer.17,18 Other studies, both large and small 

in size, have also shown an association with childhood leukemia and solid tumors 

and distance to nuclear power stations.19 Even low doses of ionizing radiation from 

medical imaging (e.g., computed tomography scans) were associated with an increased 

risk of leukemia.20 Interestingly, the association between pediatric cancer and solar 

and UV radiation have been largely equivocal.21

Food and plant-based compounds comprise another category of potentially important 

carcinogens to children. Maternal dietary exposure to N-nitroso compounds or their 

precursors (e.g., those found in cured meats) during pregnancy was associated with 

risk of childhood brain tumors.22 Leukemia, brain tumors, and neuroblastoma have 

also been associated with paternal and maternal consumption of alcohol before or 

during pregnancy.23 Other exposures in this category that have been associated with 

adult cancers have largely not been evaluated in children.

Herbicides and pesticides used for food crops and in/around the home are also listed 

in Table 1. Pentachlorophenol (PCP) was used as an herbicide, biocide, and preservative 

worldwide since 1930 prior to being discontinued, and a meta-analysis suggested 

parental occupational exposure before pregnancy might increase the risk of leukemia 

and lymphoma in themselves and their children.24 Other studies have also reported 

parental exposure to pesticides during pregnancy to be associated with childhood 

lymphoid and myeloid leukemia.25–28 Other chemical compounds in this group, includ-

ing tetrachlorodibenzo-p-dioxin (TCDD) and lindane have not been evaluated for risk 

of pediatric cancers.

Exposures to occupational hazards cause a wide range of cancers in adults.29 Adult 

lung cancer from inhalation followed by skin cancer from dermal contact account for 

the largest proportion of cases.30 Some occupational exposures in parents have also 

shown associations with pediatric cancers in their offspring. Notably painting in the 

home before, during, and after pregnancy was identified as a potential risk factor for 

childhood lymphoid leukemia.31,32 Maternal occupational wood dust exposure from 

birth to diagnosis was associated with increased risk of lymphoid and myeloid leuke-

mia, whereas paternal occupational exposure to wood dust was associated with astro-

cytoma in the same time period.33 Largely, other workplace exposures have not been 

fully evaluated for their carcinogenic potential in children due to limited or total lack 

of quantitative data.30

In summary, environmental toxicants are important and potentially modifiable risk 

factors for childhood cancers. Most of these toxicants are monitored and/or regulated 

by federal departments, administrations, and agencies such as the Department of 

Energy, Consumer Product Safety Commission, Department of Transportation, 

Environmental Protection Agency, Food and Drug Administration, Department of 
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Housing and Urban Development, Occupational Safety and Health Administration, US 

Nuclear Regulatory Commission, and US Department of Agriculture. However, to 

mitigate the disease risks associated with exposure to these toxicants, parents and 

children should avoid exposure when possible.

Unfortunately, identifying environmental determinants for most pediatric cancers 

has been challenging because these outcomes are infrequent compared to cancer in 

adults, and it is difficult to estimate exposure during specific critical periods of devel-

opment (e.g., pre-conception, in utero, early childhood) that are likely more important 

for childhood cancer development. Many of the associations reported by IARC to be 

carcinogenic to humans (Table 1) have yet to be fully explored in children and ado-

lescents. Furthermore, most of these investigations have been retrospective in nature 

and often depend on residential information or self-reported questionnaire data to 

assign exposure. Notably, these exposure assessment strategies are subject to significant 

bias and there are currently few existing biomarkers to measure how various exposures 

co-occur and jointly influence pediatric cancer risk. These challenges have limited the 

scope of previous assessments evaluating the impact of environmental toxicants on 

pediatric cancer. However, given the continued increase in incidence of pediatric cancer, 

there is strong need to catalog the environmental risk factors more fully for cancer 

in children and adolescents. Additional large-scale epidemiological studies, specifically 

in these vulnerable populations, and the use of novel analytical tools, such as bio-

markers of exposure that can pinpoint the timing of the exposure, should be utilized 

to further investigate these environmental exposures on pediatric cancer risk, as well 

as explore the dynamic of gene-environment interactions.
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