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Abstract

Compelling evidence suggests that early life exposures can affect lifetime cancer risk. In 2014, the 

Centers for Disease Control and Prevention’s (CDC’s) Cancer Prevention Across the Lifespan 

Workgroup hosted a series of virtual meetings with select experts to discuss the state of the 

evidence linking factors during the prenatal period and early childhood to subsequent risk of both 

pediatric and adult cancers. In this article, we present the results from a qualitative analysis of the 

meeting transcripts and summarize themes that emerged from our discussions with meeting 

participants. Themes included the state of the evidence linking early life factors to cancer risk, 

research gaps and challenges, the level of evidence needed to support taking public health action, 

and the challenges of communicating complex, and sometimes conflicting, scientific findings to 

the public. Opportunities for collaboration among public health agencies and other stakeholders 

were identified during these discussions. Potential next steps for the CDC and its partners included 

advancing and building upon epidemiology and surveillance work, developing and using evidence 

from multiple sources to inform decision-making, disseminating and communicating research 

findings in a clear and effective way, and expanding collaborations with grantees and other 

partners. As the science on early life factors and cancer risk continues to evolve, there are 

opportunities for collaboration to translate science into actionable public health practice.

The Healthy People 2020 goal for cancer is to reduce the number of new cancer cases, as 

well as the illness, disability, and death caused by cancer. 1 Incidence rates have increased 

over the past decade for certain types of childhood cancers (eg, leukemia and renal 

carcinomas) 2 and adult cancers (eg, melanoma, myeloma, leukemia, and cancers of the 
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pancreas, liver, thyroid, and kidney). 3 Although cancer incidence rates are expected to 

stabilize in the coming years for most groups within the US population, the overall number 

of prevalent cancer cases and deaths will likely increase as a result of demographic changes 

(eg, a growing and aging population). 4,5 Public health approaches to addressing “upstream” 

causes of cancer continue to be a critical component of national efforts to prevent the onset 

of cancer at all ages.

The Cancer Prevention Across the Lifespan (CPAL) workgroup was organized within the 

Centers for Disease Control and Prevention’s (CDC’s) Division of Cancer Prevention and 

Control in an effort to foster innovative public health approaches to primary cancer 

prevention. 6 Grounded in a socioecological framework,7 workgroup activities include 

reviewing the scientific literature and engaging with experts both within and outside of 

federal agencies to identify opportunities to reduce cancer risk and promote protective 

factors at a population level. The workgroup has taken a life-span approach, with the idea 

that both the exposures of interest and the strategies for intervention vary depending on the 

phase of life being addressed. In addition, this approach recognizes the complexities of 

translating the science of cancer causation into public health action and the value of 

transdisciplinary perspectives. 8 To date, the workgroup has published information from 

efforts to identify prevention opportunities during adolescence 9 and midlife, 10 with an 

ultimate goal of addressing cancer prevention opportunities during every phase of life.

Compelling evidence suggests that exposures during early life (the prenatal period through 

early childhood) can affect lifetime cancer risk. 11–16 In 2013, the workgroup began 

examining the influence that early life factors may have on subsequent risk of both 

childhood and adult cancers. As part of this effort, the CPAL workgroup convened a series 

of virtual meetings with a group of nationally recognized experts to explore the state of the 

evidence linking early life factors to subsequent cancer risk and to identify promising 

strategies for prevention with a focus on environmental and systems approaches. In this 

article, the results from a qualitative analysis of the meeting transcripts are presented, 

summarizing themes that emerged from these discussions.

METHODS

The CPAL workgroup hosted a series of five 2-hour online meetings to examine 

opportunities during early life to reduce the subsequent risk of cancer in childhood and 

adulthood. Five subject matter experts external to the CDC were invited to participate in 

each of the first 4 meetings, resulting in a multidisciplinary group of 20 experts participating 

in the meeting series. The participants were nationally recognized authorities on a diverse 

range of relevant topics, reflecting many areas of expertise and scientific discipline and with 

unique knowledge about early life. We intentionally reached out to experts both within and 

outside of traditional areas of cancer prevention and control in an effort to gain new 

perspectives on the potential opportunities for primary cancer prevention and risk reduction.

Before each meeting, the invited experts participated in developing the meeting agenda and 

identifying key background materials, all of which were shared with the group in advance of 

each meeting. During the meetings, each invited expert led the group in a discussion about a 
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specific topic relevant to the scope of the meeting as a whole, with a professional meeting 

facilitator guiding each discussion. The first meeting, held on May 23, 2014, focused on 

opportunities during the prenatal period to reduce the risk of childhood cancer. The second 

meeting (July 29, 2014) explored opportunities during the prenatal period to reduce the risk 

of cancer in adulthood. The third meeting (October 3, 2014) examined opportunities during 

infancy and early childhood to reduce the risk of childhood cancer. The fourth meeting 

(December 17, 2014) addressed opportunities during infancy and early childhood to reduce 

the risk of cancer in adulthood. After the completion of the first 4 meetings, 11 of the 20 

experts accepted an invitation to participate in a follow-up meeting (March 13, 2015) to 

review and provide input on the preliminary results of a qualitative analysis of the transcripts 

from the previous 4 meetings and to discuss potential next steps and action items. The 5 

meetings were recorded and transcribed with the permission of all participants.

ANALYSIS AND SYNTHESIS OF MEETING THEMES

A thematic content analysis of the meeting transcripts was conducted. A priori coding 

categories were developed to address 3 main questions ( Table 1):

1. What is important?

2. What is missing?

3. What can be done now?

These overarching questions and questions related to each subcategory were provided to 

participants in advance of and during each of the 5 meetings, making it likely that much of 

the content would fit into these predetermined categories. Content that did not clearly fit one 

of the categories was coded as “other.” Two reviewers (DMH and NB) who were trained in 

qualitative thematic analysis independently coded the meeting transcripts using QSR 

International’s NVivo 10 software (QSR International, Doncaster, Australia). Intercoder 

reliability was high, with agreement of >80% for each category. An emergent coding 

strategy was then used to identify and summarize themes within each category. Any 

discrepancies in coding were discussed and resolved.

THEMES AND HIGHLIGHTS FROM THE MEETINGS

Early Life Factors Associated With Cancer Risk

Experts described the causes of both childhood and adult cancers as being multivariate, 

multifactorial, and multigenerational, involving genetic and environmental interactions. 

Many specific examples of factors during early life that may influence subsequent cancer 

risk were discussed during the meetings. Potential risk factors discussed included adverse 

childhood experiences, certain parental behaviors (eg, alcohol consumption, tobacco use), 

chemical exposures (eg, occupational exposures, residential pesticide exposure), medication 

or drug exposure during pregnancy (eg, diethylstilbestrol), chromosomal abnormalities (eg, 

Down syndrome), genetic syndromes (eg, multiple endocrine neoplasia syndrome), older 

parental age, placental phenotype, characteristics of pubertal events (eg, early menarche), 

radiation exposure (eg, diagnostic radiographs in utero, nuclear fallout, radiation therapy), 

viral infections (eg, human papillomavirus), bacterial infections (eg, Helicobacter pylori), 
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and weight-related factors (eg, maternal prepregnancy weight, high birth weight, childhood 

obesity). Experts also identified some potentially protective factors, including allergies, 

asthma, atopy, dietary factors (eg, breastfeeding, prenatal folic acid consumption), early 

stimulation of the immune system (eg, day care attendance at an earlier age), and childhood 

physical activity. A more extensive list of examples discussed during the meeting is provided 

in Table 2, along with relevant supporting citations. At each meeting, the experts emphasized 

that the factors discussed were not exhaustive and that the strength and consistency of the 

evidence for each factor vary.

Current Challenges

Research Gaps—Experts agreed that the evidence linking some early life factors to 

subsequent cancer risk is strong and consistent across studies (eg, radiation exposure). For 

the majority of factors described above and in Table 2, however, the link to cancer risk is not 

as clear and the strength of the evidence varies, depending on the factor and the type of 

cancer being considered. Research findings may be mixed across studies, or the measures of 

relative risk may be small or not statistically significant. Experts also noted that there is 

often a lack of information or understanding about etiologic mechanisms that could explain 

research observations. A life-course approach acknowledges that countless factors 

throughout the life span likely influence cancer risk later in life and that certain factors may 

interact to influence cancer risk. The complex nature of these relationships inherently makes 

it difficult to accurately determine the influence of a single factor during 1 phase of life. 

Many cancer types, especially childhood cancers (in comparison with cancers diagnosed in 

adulthood), tend to be rare. Experts discussed how this rarity makes research more 

challenging and often limits human data to observational studies and retrospective studies, 

rather than prospective cohort studies which can sometimes yield stronger evidence on 

exposures. The retrospective nature of the available evidence poses the risk for a number of 

biases, especially recall and selection bias, although prospective studies can also be subject 

to limitations (eg, small sample sizes and selection bias). The interpretation of study findings 

needs to take into account the potential for these errors. As the research community gains 

new opportunities to collect more data, new methods are needed to analyze large data sets 

and to assess nonlinear, nonmonotonic relationships between exposure and disease. In 

addition, for most exposures of interest, there is a lack of viable biomarkers to measure dose 

or intermediate outcomes of interest.

Evidence Needed to Support Taking Action—Given the research gaps and existing 

challenges, many meeting discussions focused on how much evidence is needed to warrant 

taking public health action. This question is an ongoing challenge that scientists, public 

health professionals, and decision-makers face. Although there would be benefit to having 

more prospective and large human studies, some of the experts argued for a precautionary 

approach, 86, 87 explaining that animal studies and toxicologic profiles 88 that suggest 

carcinogenicity would be “enough” to support intervention efforts. Others commented that 

human data are needed to warrant the investment of public health resources into prevention 

efforts. The experts pointed to systematic, structured reviews as a way to integrate the 

evidence from multiple sources and better synthesize the existing evidence. 89–91 Such 
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reviews need to be well designed to take into account any methodologic concerns 

surrounding the topic and the heterogeneity across studies. 92

Beyond the strength of the scientific evidence linking a factor to subsequent cancer risk, 

participants discussed many other aspects that may influence decisions to take (or not take) 

public health action. For example, experts noted that the prevalence of the given risk factor 

and the association (positive or negative) with other health outcomes 15 are important to 

consider (eg, the inverse association between birth weight and risk of cardiovascular disease 
93). When deciding whether to implement specific intervention or prevention strategies, both 

the short- and long-term effects, including potential unintended consequences or drawbacks 

to taking action (eg, harmful effects on other health outcomes), need to be considered. 

Experts also noted the importance of considering economic factors, including the cost of 

intervention, potential impact on industry, and the future costs of failing to intervene. 94 The 

ease or difficulty with which an intervention strategy could be implemented is often very 

influential in decision-making. For example, removing potentially harmful chemicals from 

consumer products necessitates that safer alternatives are available. In addition, experts 

offered that the larger social context needs to be considered to determine the feasibility and 

sustainability of a given intervention.

Intervening on Harmful Chemicals—The experts also discussed the challenges 

communities may face in trying to reduce or remove chemical exposures when research 

findings suggest that they may be harmful to human health. Experts identified the lack of 

requirements for premarket safety testing of chemicals, frequent reliance on toxicologic 

studies with sparse human data, lack of safer alternatives, and low public awareness of 

exposures to industrial chemicals as potential barriers to intervening. Although the experts 

acknowledged the potential for industry resistance to removing chemicals currently in use, 

they also noted that there can be ways to incentivize and facilitate industry changes. For 

example, in Massachusetts, industry use of certain carcinogens declined after initiation of 

requirements that companies develop plans to reduce the use of toxic chemicals. 95, 96 Of 

note, the implementation of the plan was not required. This approach may be worth 

considering in other communities. Another challenge that experts pointed out is that 

regulatory interventions sometimes fail to address key windows of vulnerability. One 

example mentioned was the removal of bisphenol A (BPA) from infant bottles. Although 

likely reducing infants’ BPA exposure, such action does not prevent prenatal BPA exposure. 
97 Of additional concern, replacements for chemicals of concern are not always safer. For 

example, many BPA-free replacement products still leach chemicals that have high levels of 

estrogenic activity. 98 The rapid industry changes that come with technological 

improvements also create challenges. For example, in California, researchers rely on existing 

data collection systems (eg, community-based air-monitoring stations), 99 but as pollution 

emissions change over time these systems do not necessarily collect data on all of the 

relevant air pollutants.

Communicating Scientific Findings to the Public—Many of the challenges the 

research community faces create subsequent difficulties in sharing information with the 

public. Experts acknowledged that research findings are often complex or even conflicting, 
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making it difficult to create simple, compelling, and realistic recommendations for risk 

reduction. Some cancer risk factors may have a different relationship with other noncancer 

health outcomes. For example, high birth weight appears to be associated with an increased 

risk of certain pediatric and adult cancers,22,26 but evidence also suggests that high birth 

weight may also be associated with a reduced risk of heart disease. 93

Scientific understanding of cancer risk factors has evolved over time. Experts shared that 

when contradictory study findings are published or when health recommendations change, 

credibility with the public may be weakened. To communicate which risk factors matter 

most, measures of attributable risk are often presented. However, some noted that such 

measures have limited real-world utility and do not capture information such as windows of 

susceptibility (eg, the prenatal period), interactive effects of multiple factors, and the 

influence of protective factors (eg, physical activity). Competing demands, other more 

immediate health threats that children often face (eg, injuries, acute infections), and 

information overload can create barriers to effective messaging, making attention to the 

many potential cancer risk factors seem impractical, if not impossible, for the public to 

maintain. Experts also offered that some messages may unintentionally elicit public 

perceptions of “blaming the victim,” increase cancer-related distress, or contribute to risky 

behaviors.

Suggested Next Steps for Interdisciplinary Stakeholders

Despite the challenges of understanding the influence that early life factors may have on 

subsequent cancer risk and communicating that information to the public, experts identified 

public health actions to further build the evidence base and put current information into 

public health practice. These actions include strengthening cancer epidemiology and 

surveillance, building upon existing information, disseminating and communicating research 

findings, and applying our current knowledge to public health practice through 

multidisciplinary partnerships.

Epidemiology and Surveillance—Together, CDC’s National Program of Cancer 

Registries and the National Cancer Institute’s Surveillance, Epidemiology, and End Results 

Program collect data on new cancer cases for the entire US population. 100 This national 

coverage enables researchers, clinicians, policy makers, public health professionals, and 

members of the public to monitor the incidence of cancer and subsequently evaluate the 

success of programs and identify additional needs for cancer prevention and control efforts 

at national, state, and local levels. Meeting participants suggested that studies could integrate 

cancer registry data with other data sources, such as the NHANES, which collects 

biomarkers of exposure to carcinogens (eg, serum 1-hydroxypyrene, a biomarker for 

exposure to polycyclic aromatic hydrocarbons). 101 Such efforts could leverage the research 

methods used by others, such as efforts in California to examine the relationship between 

prenatal exposure to traffic-related air pollution and risk of childhood cancer. 49 Experts 

expressed a need to study more finely detailed data such as cancer subtypes and cancer 

type–specific staging in cancer registries to better define cancer cases, which might provide 

additional clues about etiology. Experts also suggested looking to disease patterns outside of 

the United States for clues and considering both birth cohort effects and time period effects. 
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102 Adding to the list of biomarkers of exposure to carcinogens collected through NHANES 

to assess exposure in the general population, ensuring optimal biomarkers are used, 103 and 

developing new biomarker tools (eg, epigenetic markers of in utero exposures) would 

facilitate further study of exposures of potential concern. 104

Developing and Using Evidence From Multiple Sources—Additional steps are 

needed to take advantage of existing data and to continue building on the evidence. One 

suggestion is to continue conducting structured, systematic reviews of the published 

literature on both animal and human studies that, in addition to informing the current state of 

the evidence, will also help identify key research gaps. Convening multidisciplinary expert 

groups can help to frame which risk factors should be given priority and identify ways to 

address research gaps. Some health groups, such as the Intergovernmental Panel on Climate 

Change, 105 have used a Bayesian approach to translate uncertain evidence into probabilistic 

statements. Such an approach could be used in assessing the cancer literature to create 

statements about the likelihood of an exposure causing cancer. Another suggestion was to 

create a Web site in which investigators could share study results, creating a cumulative 

summary of the evidence over time.

Disseminating and Communicating Research Findings—Despite varying views on 

the amount of evidence needed to take action and acknowledgment of the complexity of 

research findings, communication of scientific findings needs to be clear, accurate, easy to 

understand, and actionable. 106 This method of communication equips community leaders, 

decision-makers, and the public with the information needed to make decisions about the 

appropriate threshold for action. Experts mentioned that communication and dissemination 

of research findings to the public could be improved by considering strategies for translation 

at the onset of developing research plans. For example, studies can be designed to examine 

the association between a given factor and cancer risk in a way that facilitates 

communicating the findings to the public and informs potential intervention strategies. 

Packaging cancer prevention messages with messages related to other health topics may 

provide new opportunities for collaboration and synergy. Communication about cancer 

prevention could be enhanced by including information about other health benefits (eg, 

reducing risk of other chronic diseases), the economic benefits, and the potential costs of not 

taking action. With regard to industrial chemicals, participants noted that there can be 

benefits to framing efforts to remove harmful chemicals from consumer products as cancer 

prevention, acknowledging that companies may prefer to remove specific chemicals without 

public attention or acknowledging the potential for past harms.

Working With Grantees and Other Partners—Creating partnerships, engaging in 

transdisciplinary collaboration, and learning from others are critical to the success of efforts 

to reduce cancer risk at a population level. The experts noted that many relevant public 

health organizations and agencies have overlapping interests and would benefit from 

collaboration. Examples of suggestions included continuing to foster partnerships between 

the CDC and the Institute of Medicine, the World Health Organization, the National 

Institutes of Health, and the International Society for Developmental Origins of Health and 

Disease. Exploring opportunities for new partnerships with various community sectors can 
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also be of value. For example, recent efforts in Massachusetts to incorporate asthma 

prevention into the state’s Asthma Control Plan brought together a wide range of partners, 

including traffic and transportation planners. 107 The CDC funds and provides technical 

support to Comprehensive Cancer Control programs in all 50 states, the District of 

Columbia, 7 tribes and tribal organizations, and 7 US territories. 108 Many of these programs 

already address cancer risk factors in their communities and would likely benefit from a 

similar approach to developing partnerships with various community sectors.

Other specific areas that would benefit from continued public health efforts and partnerships 

to support change at the local, state, or national levels were mentioned by the experts during 

the meetings. For example, ongoing public health approaches are needed to increase human 

papillomavirus vaccination rates. 109 Occupational benzene standards and the levels of 

enforcement need to be examined. 110,111 With increases in exposure to radiation from 

medical procedures in the United States, additional efforts are needed to identify strategies 

and develop partnerships for reducing exposure to unnecessary levels of radiation from 

medical imaging procedures. 112 There may also be opportunities to identify and develop 

interventions specifically for those at high risk of certain cancers in an effort to change their 

risk trajectory over time. For example, risk reduction and health promotion strategies may be 

particularly beneficial for those who experienced prolonged adversity or harmful exposures 

during early life or who have a family history of cancer.113 Genetic testing policies were 

mentioned as another example and were described as an emerging area in which the CDC 

may have an opportunity to contribute. When considering such policies, it will be important 

to address how and when to communicate genetic risk in a way that minimizes potential 

harms and unintended consequences (eg, psychological distress) and to promote appropriate 

and effective interventions to support risk reduction. 114,115

Continuing to Research, Learn, and Find Ways to Intervene Early—There are 

many emerging areas of research that may give additional clues for prevention. Some areas 

of interest mentioned by experts included the following: the role of the placental 

microbiome, associations of earlier pubertal measures with cancer risk, interactions between 

genetic risk factors and exposures to endocrine active substances, and the influence of 

contextual factors (eg, poverty, the family environment, neighborhood crime) and the 

biopsychosocial pathways 116 in which these factors influence disease. As the research 

community continues to strive to understand the complex causes of cancer and the influence 

of early life, compelling evidence of the benefit of intervening early already exists and needs 

to be translated into actions. This evidence may be particularly relevant in the context of 

children of cancer survivors who may be at an increased risk of a second cancer in adulthood 

because of genetic factors. By identifying children at an increased risk and providing both 

social support and support for healthy behaviors, we may be able to modify and reduce their 

cancer risk. Similarly, earlier exposure to protective factors (eg, physical activity) may have 

a greater protective effect, 117 suggesting that interventions in early life can change an 

individual’s lifetime cancer risk trajectory.
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CONCLUDING REMARKS

The scientific evidence about the influence of early life factors on cancer risk continues to 

evolve. Discussions during the virtual meeting series highlighted opportunities to leverage 

existing public health partnerships and approaches to optimize early life health and reduce 

lifetime cancer risk. Clear and direct messages that use current evidence-based knowledge 

could be more routinely shared with the public, taking careful consideration not to cause 

unintentional harms. Health messages related to cancer prevention could be combined with 

other health and economic information to assist community leaders in decisions about 

whether to take action (ie, implementing policy, system, or environmental changes). 

Developing new partnerships and building on existing relationships can help maximize 

synergy and success.

The CDC is already engaged in activities that could be used to advance cancer prevention 

efforts targeting early life, from research to implementation of prevention strategies. For 

example, the CDC’s National Center for Health Statistics developed the Research Data 

Center (RDC) to allow researchers access to restricted data. 118 The RDC hosts restricted 

data from a variety of government sources, including NHANES, the National Health Care 

Surveys, the National Health Interview Survey, the National Vital Statistics System, the 

National Survey of Family Growth, National Program of Cancer Registries, and the State 

and Local Area Integrated Telephone Survey. The CDC has recently made restricted cancer 

registry data available through the RDC 119 and is evaluating federal, state, and local 

government policies regarding cancer research to promote the use of cancer registry data for 

research. These activities and data resources can be used in future research efforts related to 

early life exposures and cancer risk. In addition, the CDC has funded state cancer registries 

to enhance the tracking of pediatric and young adult cancer cases, support more timely 

reporting of these cases, and increase the availability of the corresponding surveillance data 

at the national, state, and local levels. 120 In an effort to communicate information about 

opportunities for cancer prevention at the community level, the CPAL workgroup has started 

a suite of materials on promising policies and practices, with an emphasis on ways in which 

CDC-funded Comprehensive Cancer Control programs can take actions in their 

communities. 121

Each phase of life has unique characteristics that warrant different approaches and strategies 

for reducing cancer risk. Factors during the prenatal period, infancy, early childhood, and 

even before conception appear to influence cancer risk, and intervening on risk factors early 

in life while promoting protective factors may be particularly beneficial. Although the 

science on this issue continues to evolve, there are opportunities now to work together to act 

on what is already known.
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TABLE 1

Priori Coding Categories Used for the Qualitative Analysis of Meeting Transcripts

1. What is important?

 Risk factors

  For pediatric cancers

  For cancers in adulthood

 Protective factors

  For pediatric cancers

  For cancers in adulthood

 Evidence needed to justify taking public health action

2. What is missing?

 Additional data that would have the greatest impact or create tipping points for action

3. What can be done now?

 The role of public health agencies

 Lessons learned from other prevention efforts

 Barriers to putting scientific findings into public health practice

 Coordinating health promotion/disease prevention efforts toward broader shared goals

 Communicating certainty or uncertainty to policy makers and the public

 Avoiding unintended consequences

4. Other

 A code for information not captured by the categories above
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TABLE 2

Examples of Early Life Factors Associated With Risk or Prevention of Pediatric and Adult Cancers

Associated Cancers

Risk factors

 Adverse childhood events (eg, child abuse) Adult cancers 17

 Maternal alcohol consumption during pregnancy Leukemia 18

 Assisted reproductive technology Pediatric cancers 19

 Body weight

  Maternal prepregnancy weight Pediatric cancers (eg, acute myeloid leukemia) 20

  Childhood obesity Adult cancers (eg, esophageal adenocarcinoma) 21

  High birth weight Pediatric (eg, leukemia) 22–24 and adult (eg, breast cancer,25 testicular 
cancer26) cancers

 Chemical agents

  Benzene Childhood acute lymphoblastic leukemia 27

  BPA Adult cancers 28,29

  Carbon tetrachloride Neuroblastoma 30

  Diethylstilbestrol (prenatal exposure) Adult cancers (eg, clear cell adenocarcinoma of the vagina and cervix) 
31–33

  Occupational exposures (paints, metals, hydrocarbons) Pediatric cancers (eg, leukemia, brain and central nervous system 
tumors) 34–37

  Pesticides, herbicides, and insecticides Pediatric cancers (eg, leukemia, lymphoma, and brain cancer) 38–41

  Polybrominated diphenyl ethers Leukemia 42

  Polychlorinated biphenyl Leukemia 43

  Polycyclic aromatic hydrocarbons Leukemia, 44 neuroblastoma 30

  Tobacco exposure Pediatric (eg, leukemia, 45 hepatoblastoma, 46 non-Hodgkin lymphoma 
47) and adult (eg, lung cancer 48) cancers

  Traffic-related air pollution Pediatric cancers (eg, leukemia) 49–51

 Chromosomal abnormalities (eg, Down syndrome) Leukemia 52

 Genetic syndromes

  Ataxia telangiectasia Pediatric (eg, leukemia) 53 and adult (eg, breast cancer) 54 cancers

  Li-Fraumeni syndrome Pediatric (eg, leukemia) and adult (eg, premenopausal breast cancer) 55 

cancers

  Lynch syndrome Colorectal cancer 56

  Multiple endocrine neoplasia syndrome Endocrine gland tumors, 57 pediatric cancers

 Isolated cryptorchidism Testicular cancer 58

 Older parental age Pediatric (eg, leukemia, lymphoma, neuroblastoma) 59 and adult (eg, 
breast cancer) 60 cancers

 Placental phenotype (eg, extremely large or small) Adult cancers 61

 Pubertal events

  Early menarche Adult cancers 62

  Age at peak height velocity Adult cancers 62

 Radiation
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Associated Cancers

  Ionizing radiation Pediatric (eg, leukemia) and adult (eg, thyroid and breast cancers) 63 

cancers

  Nonionizing radiation Pediatric (eg, leukemia) 64 and adult (eg, breast cancer) 65 cancers

  UV radiation Skin cancers, ocular melanoma 66

 Viruses and bacteria

  Epstein-Barr virus Burkitt lymphoma, nasopharyngeal carcinoma 67

  Herpesvirus Kaposi sarcoma 67

  Helicobacter pylori Gastric cancer 68

  Human papillomavirus Adult cancers (eg, cervical cancer) 67,69

Protective and moderating factors

 Allergies, asthma, and atopy Childhood (eg, leukemia, 70,71 neuroblastoma, 72 non-Hodgkin 
lymphoma 73) and adult (eg, gliomas, 74 pancreatic cancer 75) cancers

 Childhood obesity Breast cancer 21, 76

 Dietary factors

  Breastfeeding Childhood (leukemia, lymphoma, Wilms tumor) 77,78 and adult (eg, 
premenopausal breast cancer) 79 cancers

  Maternal prenatal folic acid consumption Pediatric cancers (eg, leukemia) 80–82

 Early stimulation of the immune system (eg, day care attendance 
at younger age)

Acute lymphoblastic leukemia 83,84

 Physical activity during childhood Breast cancer 85

Note: This list is not exhaustive, and although some research findings suggest that these factors may be associated with subsequent cancer risk, the 
strength and consistency of the evidence varies. In addition, the types, sources, and quality of evidence (eg, animal models, observational studies, 
case-control studies, prospective cohort studies) vary as well.
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