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Abstract

Background: The association between childhood cancer risk and maternal prenatal substance 

use/abuse remains uncertain due to modest sample sizes and heterogeneous study designs.

Methods: We surveyed parents of children with cancer regarding maternal gestational use 

of tobacco, alcohol, and illicit drugs, using a Likert-type scale, and demographic, perinatal, 

and clinical variables. Multivariable log-Poisson regression assessed differences in frequency 

of prenatal substance use across fifteen childhood cancer subtypes, adjusting for birthweight, 

gestational age, and demographic factors.

Results: Respondents from 3145 unique families completed the survey (92% biological 

mothers). A minority reported gestational use of tobacco products (14%), illicit drugs including 

marijuana or cocaine (4%), or more than a moderate amount of alcohol (2%). Prenatal illicit drug 

use was associated with increased prevalence of intracranial embryonal tumors (prevalence ratio 
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[PR]=1.94, CI=1.05-3.58), including medulloblastoma (PR=1.82) and supratentorial primitive 

neuroectodermal tumors (PNETs; PR=2.66), and was also associated with retinoblastoma 

(PR=3.11; CI=1.20-8.08). Moderate to heavy alcohol consumption was strongly associated with 

elevated prevalence of non-Hodgkin lymphoma (PR=5.94; CI=1.84-19.21). Prenatal smoking was 

not associated with elevated prevalence of any childhood cancer subtype.

Conclusions: We identify novel associations between illicit drug use during pregnancy and 

increased prevalence of non-glioma central nervous system tumors, including medulloblastoma, 

supratentorial PNETs, and retinoblastoma. Gestational exposure to alcohol was positively 

associated with non-Hodgkin lymphoma.

Impact: While alcohol and tobacco use during pregnancy has declined, gestational cannabis use 

has risen. Investigating its impact on neurodevelopment and brain tumorigenesis is vital, with 

important implications for childhood cancer research and public health education.
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INTRODUCTION

Childhood cancer represents a significant public health concern with rising incidence and 

marked disparities observed among various cancer subtypes and demographic groups. 

Recent strides in therapeutic approaches have contributed to improved survival rates,(1) 

yet the factors driving the increase in childhood cancer incidence, especially for certain 

subtypes, remain elusive. (2,3) Additionally, the varying rates of change in childhood 

cancer incidence across different racial and ethnic backgrounds suggest complex interactions 

between genetics, environment, and socioeconomic factors.(4)

While many genetic factors have been shown to augment childhood cancer risk in large 

genome-wide association studies (GWAS)(5,6), few modifiable risk factors have been 

established to-date. Such factors include fetal exposure to ionizing radiation(7), very 

high birthweight(8), in utero diethylstilbestrol exposure(9), congenital cytomegalovirus 

(CMV) infection(10,11), parental age(12,13), and maternal use of assisted reproductive 

technologies.(14,15) Notably, these risk factors all represent in utero exposures. It therefore 

seems likely that fetal development represents a critical window during which subtle 

environmental perturbations can alter cellular differentiation and development and exert 

substantial impacts on tumorigenesis.

Maternal substance use during pregnancy is a modifiable exposure which impacts fetal 

development and represents a potential childhood cancer risk factor. Although previous 

research has explored associations between maternal prenatal substance use and childhood 

cancer risk, most literature to date has focused on gestational exposure to tobacco and 

alcohol, with illicit drug use receiving less attention. There has been a longstanding 

recognition that in utero exposure to tobacco, alcohol, and illicit substances can impact 

fetal development, particularly neurodevelopment. For example, fetal alcohol exposure has 

been linked to a spectrum of brain disorders, ranging from gross structural changes to 
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more subtle developmental delays.(16) At a cellular level, it has been demonstrated that 

neurogenesis itself, particularly the generation and migration of inhibitory interneurons, 

can be disrupted by exposure to tobacco, alcohol, and illicit substances,(17) while rodent 

models of prenatal exposure to synthetic cannabinoids suggest that they can potently 

disrupt brain development and corticogenesis.(18) Although it remains to be elucidated 

exactly how teratogenic substances affect neurodevelopment at the level of specific neuronal 

subpopulations and developmental regulatory programs, it is becoming clear that progenitor 

cell populations are sensitive to perturbation by in utero exposure to maternal substance use.

Given its unclear contribution to the development of specific childhood cancer subtypes, 

and the potential for recall and self-report biases to impact results of retrospective studies, 

further investigation of maternal prenatal substance use – particularly illicit drug use – 

and its association with childhood cancer is warranted. Identifying additional, modifiable 

exposures that can reduce childhood cancer incidence is crucial to primary prevention and 

public health.

To examine the association of maternal substance use with subtype-specific childhood 

cancer risk, we performed a cross-sectional analysis of childhood cancer families from the 

Alex’s Lemonade Stand Foundation’s (ALSF) My Childhood Cancer: Survey Series cohort. 

Parents representing >3000 childhood cancer patients provided data on maternal prenatal 

tobacco, alcohol and illicit drug use, birthweight, and other demographic and gestational 

factors. Our study design attempts to minimize biases due to differential exposure 

misclassification (e.g., recall bias) by examining whether prenatal maternal substance use 

is associated with specific childhood cancer subtypes, controlling for contributions from 

other perinatal factors, within a sample of families that were all impacted by a childhood 

cancer diagnosis.

MATERIALS AND METHODS

Study Population

We partnered with ALSF to conduct a series of open, internet-based longitudinal surveys 

of families affected by childhood cancer. From 2011 to 2022, the ALSF My Childhood 

Cancer (MCC): Survey Series explored families’ experiences and attitudes from diagnosis, 

throughout treatment and follow-up care, and after bereavement (when applicable).(19) The 

English-language survey was publicly hosted on the Alex’s Lemonade Stand Foundation 

webpage and advertised through Facebook, Twitter, and ALSF’s childhood cancer-specific 

listserv. Parents were eligible to complete the survey if they had a child (living or deceased) 

who was diagnosed with cancer prior to the child’s eighteenth birthday.

Parents navigated to the MCC survey and completed a registration form with contact and 

basic demographic information, then were contacted by email to complete future surveys 

– including the diagnosis survey. Parents could complete the surveys in one sitting or 

return to them at a later time, within 30 days of survey initiation. A total of 3145 families 

participated in the MCC survey series. In this cross-sectional study, we examined responses 

to the ALSF MCC diagnosis survey completed between January 2012 and April 2019, 

limiting to one parental respondent per family. When more than one parent from the same 
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family completed the survey, we included the biological mother’s report (when available) in 

analyses. Otherwise, we included the first survey to have been completed.

Survey Instruments

Childhood cancer type and patient/parental demographics were collected at MCC: Survey 

Series registration. In the diagnosis survey (Supplementary Materials and Methods), 

participants were asked “How often did [child]’s biological mother do any of the following 

during pregnancy with [child]?” Responses were recorded on a 1-7 Likert-type scale, 

where 1 corresponded to “not at all” and 7 corresponded to “often.” Respondents were 

asked about a variety of prenatal activities, including: “smoked tobacco products”, “used 
illegal drugs (i.e., marijuana, cocaine, etc.)”, and “drank alcoholic beverages”. Responses 

to each substance type were collapsed into binary indicators (1/0) for analysis. For prenatal 

tobacco and illicit drug use, responses ≥2 were considered positive indicators of using 

either substance (coded as 1/yes). For prenatal alcohol, responses ≥5 were considered 

heavy use during pregnancy (coded as 1/yes). Those who responded “not sure” were 

excluded. Respondent race was collected as “American Indian/Alaska Native,” “Asian,” 

“Black/African American,” “white/Caucasian,” and “Other.” Respondent ethnicity was 

collected as “Hispanic or Latino (of any race)” and “not Hispanic or Latino.” For analysis, 

respondent race/ethnicity was collapsed into a binary indicator (0/1) for “non-Hispanic 

white” vs. “other.” Respondents (94% U.S.-based) recorded child’s birthweight in categories 

to the nearest pound, which were collapsed into a three-level ordinal variable with categories 

“low birthweight” (3 pounds or less, 4-5 pounds), “normal birthweight” (6-9 pounds), and 

“high birthweight” (10-11 pounds, 12 pounds or more). Respondents reported the child’s 

birth order as “oldest child,” “youngest child,” “neither youngest nor oldest child,” or 

“only child.” Household income was recorded in the following bins: <$20,000; $20,000-

$49,999; $50,000-$74,999; $75,000-$99,999; $100,000-$149,999; ≥$150,000. For analysis, 

household income was collapsed into a three-level ordinal variable with levels “<$50,000,” 

“$50,000-$99,999,” and “≥$100,000.” Child’s birth year was collapsed into the following 

bins and modeled as an ordinal variable: “Before 1990,” “1990-1994,” “1995-1999,” 

2000-2004, “2005-2009,” “2010 and later.”

Dependent variables were each of 15 specific childhood cancer subtype compared to 

all other subtypes collapsed, including: Hodgkin lymphoma, non-Hodgkin lymphoma, 

germ cell tumor, Kidney/Wilms’ tumor, hepatoblastoma/liver cancer, neuroblastoma, 

retinoblastoma, rhabdomyosarcoma, osteosarcoma, Ewing sarcoma, acute lymphocytic 

leukemia (ALL), acute myeloid leukemia (AML), ependymoma, astrocytoma (including: 

astrocytoma/anaplastic astrocytoma, juvenile pilocytic astrocytoma, diffuse intrinsic pontine 

glioma (DIPG), glioblastoma), and embryonal tumors of the CNS (including: atypical 

teratoid/rhabdoid tumor (AT/RT), supratentorial primitive neuroectodermal tumors (PNETs), 

medulloblastoma, and pineoblastoma). We also included an “all sarcoma” group, which 

combined the subcategories of rhabdomyosarcoma, osteosarcoma, and Ewing sarcoma, 

and included other soft tissue sarcomas (i.e., alveolar soft part sarcoma, angiosarcoma, 

clear cell sarcoma of the kidney, dermatofibrosarcoma protuberans, desmoplastic (small) 

round cell tumor, epithelioid sarcoma, infantile fibrosarcoma, intimal sarcoma, peripheral 

nerve sheath tumor, mesenchymal chondrosarcoma, spindle cell sarcoma, synovial sarcoma, 
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undifferentiated sarcomas, and unspecified paraspinal sarcoma). A small proportion of 

children (1.1%) had diagnoses that did not fit into any of these categories and were classified 

as “other” cancers (thyroid, Langerhans cell histiocytosis, pleuropulmonary blastoma, 

adrenocortical carcinoma, ectomesenchymoma).

Statistical Analyses

Independent variables of interest in this analysis included maternal prenatal tobacco, illicit 

drug, and alcohol use. Univariate associations between independent and dependent variables 

were assessed using Fisher’s exact tests. Respondent household income at diagnosis, 

whether the respondent was the child’s biological mother, child’s birth order, child’s birth 

year, and respondent non-Hispanic white race/ethnicity were included in multivariable 

models as potential confounders. Birth year was included because the prevalence of 

gestational smoking and drinking has trended down over the last three decades, while 

the prevalence of illicit drug use, particularly cannabis, has increased. Because our study 

is cross-sectional in nature, we adjusted for birth year to control for potential period 

effects. Child’s gestational age and birthweight were also included in multivariable models. 

Although these may not be confounders and could instead act as mediators on a potential 

pathway connecting maternal substance use to childhood cancer risk, we aimed to detect 

the direct effect of maternal substance use on childhood cancer and our modeling reflects 

that analytic choice. For multivariable analyses, log-Poisson models with robust variance 

were used to assess the direct effects in association analyses of prenatal tobacco, illicit drug, 

and alcohol use of childhood cancer, adjusting for potential confounders and gestational age 

and birthweight. Regression coefficients were exponentiated to prevalence ratios (PR) for 

reporting. Missing data rates for modeled covariates were low (5% or less for all covariates). 

If data were missing for a modeled covariate, that individual was excluded from the model. 

For all statistical tests, alpha <0.05 was used to determine statistical significance. Stata 

version 18.0 (StataCorp, College Station, TX) was used for data analysis.

Data Availability

De-identified, individual-level data are available from the corresponding author upon 

reasonable request.

Ethical Approval

This study was approved by the Duke University Institutional Review Board (Pro00100771) 

and did not require informed consent.

RESULTS

Between January 2012 and April 2019, parents from 3145 unique families (69% of 

4536 registered families) completed the diagnosis survey. Median time from diagnosis to 

survey completion was 3 years (IQR=1-7 years) and did not differ across cancer subtypes. 

Respondents were largely the biologic mother (92%) and identified as non-Hispanic white. 

The greatest proportion (41%) of respondents had an annual household income of $50,000-

$99,999 prior to their child’s cancer diagnosis. The majority of children were male, weighed 

6-9 pounds at birth and were born at term. 412 respondents (13%) reported maternal tobacco 
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smoking during pregnancy, 13 (<1%) reported heavy alcohol use, and 78 (3%) reported 

illicit drug use during pregnancy (Table 1). A comparison of demographic characteristics 

between respondents who reported any prenatal substance use vs. those reporting no 

substance use appears in Supplementary Table S1.

Univariate relationships between cancer subtype and maternal use of tobacco, alcohol, 

and illicit drugs were tested (Supplementary Table S2), comparing each specific cancer 

subtype to all other subtypes grouped together. Ever smoking tobacco during pregnancy 

was inversely associated with rhabdomyosarcoma (P=0.007) and neuroblastoma (P=0.038), 

and positively associated with NHL (P=0.037). Ever using illicit drugs during pregnancy 

was positively associated with childhood CNS embryonal tumors (P=0.008), retinoblastoma 

(P=0.043), and inversely associated with ALL (P=0.016). Moderate to heavy prenatal 

alcohol use showed a strong positive association with NHL (P=0.001). We also explored 

the combined effect of tobacco and moderate-to-heavy alcohol use (vs. no use). While 

many effect estimates were unable to be calculated due to zero cell counts, we observed 

a very strong association between NHL with smoking and drinking combined (P=<0.001) 

(Supplementary Table S2).

We separately assessed associations for childhood cancer subtype with prenatal 

tobacco, illicit drug, and alcohol use using multivariable models (Figure 1). Ever 

smoking tobacco during pregnancy was associated with decreased prevalence of 

rhabdomyosarcoma (PR=0.48; CI=0.24-0.93; P=0.030) and “all sarcomas” (PR=0.60; 

CI=0.43-0.85; P=3.5x10−3) (Table 2). For neuroblastoma, the magnitude of effect from 

univariate analyses was attenuated and did not reach statistical significance (PR=0.77; 

CI=0.56-1.04; P=0.09). The association between tobacco use during pregnancy and NHL 

from univariate analyses was also attenuated and did not reach statistical significance 

(PR=1.50; CI=0.91-2.46; P=0.11).

In multivariable models, the positive association between illicit drug use during pregnancy 

and retinoblastoma in offspring persisted, reaching statistical significance (PR=3.11; 

CI=1.20-8.08; P=0.02). The association between illicit drug use during pregnancy and CNS 

embryonal tumors in offspring was comparable to results from univariate analysis and 

remained statistically significant (PR=1.94; CI=1.05-3.58; P=0.04) (Table 2). We attempted 

to further investigate potential heterogeneity in the association between illicit drug use and 

CNS embryonal tumors within strata of medulloblastoma, AT/RT, and supratentorial PNETs.

(20) Prenatal illicit drug use was associated with similar increases in medulloblastoma 

(PR=1.82; CI=0.90-3.69; P=0.10) and supratentorial PNETs (PR=2.66; CI=0.42-16.94; 

P=0.30), though neither reached statistical significance due to reduced sample size. Due 

to the low number of patients with an AT/RT diagnosis and positive history of substance 

use in our study population, the models investigating AT/RT failed to converge. While the 

small number of respondents reporting moderate-to-heavy alcohol use limited our ability 

to assess associations in multivariable models, the association between heavy alcohol use 

during pregnancy and development of NHL persisted in multivariable models (PR=5.94; 

CI=1.84-19.21; P=2.91x10−3).
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We performed the same multivariable analyses in the subset of survey respondents 

who were biological mothers. Effect measures remained generally consistent. However, 

confidence intervals for associations between illicit drug use and CNS embryonal tumors 

and retinoblastoma crossed the null. Because effect estimates remained consistent, we 

suspected that these changes were likely attributable to the reduced sample size and 

resultantly wider confidence limits. Association results from analyses restricted to biological 

mother respondents appear in Supplementary Table S3.

DISCUSSION

We observed associations between illicit drug use during pregnancy and elevated occurrence 

of embryonal tumors of the CNS, including medulloblastoma and supratentorial PNETs, 

as well as retinoblastoma. Moderate to heavy prenatal alcohol use was also associated 

with NHL. We also observed inverse associations between prenatal tobacco use and 

childhood sarcoma, particularly rhabdomyosarcoma, in analyses adjusting for birthweight 

and gestational term.

Tobacco use during pregnancy has been identified as a potential risk factor for childhood 

cancers, particularly hematologic malignancies.(21–27) However, more recent work 

suggests these associations may be subtype-specific.(28) Further, prior associations between 

maternal prenatal smoking and childhood cancer risk may suffer from reverse confounding 

if studies did not carefully control for birthweight, as smoking reduces birthweight and 

higher birthweight has been consistently associated with increased risk of many pediatric 

malignancies. To our knowledge, no studies to date have reported a protective effect 

of tobacco use on childhood sarcoma risk. Sarcoma risk has been associated not only 

with birthweight but also with longitudinal growth patterns throughout childhood and 

adolescence.(29) While we adjusted for birthweight in our analyses, if maternal smoking 

had subsequent impacts on childhood and adolescent growth rates or timing of pubertal 

growth spurts, this could potentially mediate the protective association observed in our 

analyses.

Existing literature on the epidemiology of smoking most often measures cigarettes per day 

or pack-years. However, incorporating data across studies with different measures is fraught 

and frequently resorts to use of a simple ever vs. never smoker grouping. Studies of illicit 

substance use frequently adhere to similar data analysis procedures that have been informed 

by the many decades of epidemiologic research on tobacco use. Regarding timing, studies of 

tobacco use most often focus on second and third trimester use, which represent continued 

use after the mother is aware of her pregnancy. Epigenetic analysis of the effects of maternal 

smoking on newborn DNA methylation have begun to incorporate gestational timing of 

cigarette consumption into models and suggest that first trimester use followed by tobacco 

cessation in the second and third trimester still leads to detectable differences in the newborn 

methylome.(30) Our study did not collect data on first, second, and third trimester use and 

future research will be needed to study this more comprehensively.

The association between alcohol use and childhood cancer risk is less well-studied and has 

focused mostly on low-to-moderate prenatal alcohol consumption. Data from the registry-
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based, case-control ESCALE study in France have not revealed associations between 

alcohol consumption and either childhood primary CNS tumors or childhood leukemias.

(31–33) Gestational exposure to alcohol is associated with various adverse effects on fetal 

development, but its direct link to the increased risk of NHL in offspring observed in our 

sample is not established. The specific causes of NHL are not fully understood, and it is 

generally thought to result from a combination of genetic predisposition and environmental 

factors, such as infections and exposure to certain chemicals or radiation. While alcohol can 

weaken the immune system, which may theoretically increase susceptibility to infections 

linked to NHL, there is limited direct evidence connecting gestational alcohol exposure to 

NHL risk in offspring.

While the present study did not ask respondents to specify which illicit drugs were used in 

the prenatal period, marijuana is the most commonly used illicit substance during pregnancy.

(34) Exogenous cannabinoids are capable of crossing the placental barrier and may interfere 

with normal neurodevelopment in the fetal brain.(34) Fetal exposure to marijuana has 

been associated with altered neurodevelopmental traits that persist into adolescence and 

adulthood, including schizophrenia, ADHD, and autism, although the contribution of 

socioeconomic factors and genetic confounding require further evaluation.(35–37) Murine 

studies of in utero cannabinoid exposure have also identified widespread changes in the 

epigenomic landscape of neural cells in offspring, including DNA methylation changes, 

histone H3 modifications, and altered DNA occupancy of RNA polymerase II.(38)

The molecular biology of childhood brain tumor formation reflects perturbations in 

pathways governing normal neuronal and embryonal development, with cerebellar tumors 

mirroring conserved fetal transcriptional programs and populated by tumor-initiating 

cells that resemble multipotent neural lineage-specific precursors.(39,40) Correspondingly, 

hallmark germline and somatic mutations driving the formation of embryonal tumors such 

as AT/RT, medulloblastoma, and pineoblastoma frequently disrupt master regulators of 

transcriptional and translational control, including the SWI/SNF chromatin remodeling 

complex (e.g., SMARCB1), the pre-mRNA spliceosome (e.g., U1 small nuclear RNA), 

and the translational Elongator complex (e.g., ELP1).(41–43) DNA methylation and 

contemporary molecular registry studies have elucidated miRNA biogenesis defects, 

functional RB1 loss, and MYC activity as driving and shared factors in tumors with 

PNET histology, including pineoblastoma and retinoblastoma, as well as some types of 

medulloblastoma.(44) In utero exposure to cannabinoids and other exogenous compounds 

may similarly perturb heavily conserved patterns of embryonic development and thereby 

initiate pediatric cancer formation.

A strength of our analysis is the large sample size, including 3145 children diagnosed 

with cancer before their 18th birthday. Rather than investigate all hematologic malignancies 

jointly, which is typically dominated by the contributions of ALL, this enabled us to 

separately evaluate the contributions of prenatal substance use in ALL (N=921), AML 

(N=148), Hodgkin lymphoma (N=121), and NHL (N=62) and to identify a novel potential 

relationship between prenatal alcohol exposure and development of NHL. We were also 

able to stratify CNS tumors into three subgroups (astrocytoma, ependymoma, embryonal 

CNS tumors) and to examine associations with maternal illicit drug use within strata of 
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medulloblastoma and supratentorial PNET. The ability to investigate gestational exposure to 

illicit substances is often limited by the relatively low prevalence of the exposure (3% in our 

data) and by unreliable self-report, which is particularly pernicious when case and control 

parents differentially misreport behaviors as sensitive as gestational drug use. Because we 

employed a cross-sectional survey design in which all parental respondents had a child 

diagnosed with cancer, the effect of such recall bias is likely to be non-differential across 

cancer subtypes. However, effect sizes may be attenuated when a factor is associated with 

multiple cancer subtypes due to the inclusion of children with cancer among the comparator 

group.

Our study has several limitations, including that survey participants were a self-selected 

population of caregivers who independently navigated to the ALSF MCC survey portal. 

Therefore, the participants in our study population do not represent a random sample 

of childhood cancer caregivers. Additionally, MCC survey respondents are primarily non-

Hispanic white and biologic mothers, and household income was not adjusted for inflation 

over time. Therefore, results may not be broadly generalizable. However, the distribution of 

household incomes in our sample aligns reasonably well with that of the U.S. population, 

and the preponderance of biologic mothers within our respondent pool is a strength in the 

specific context of studying maternal substance use during pregnancy. Parents of children 

diagnosed with cancer at older ages, such as osteosarcoma, may less accurately recall 

perinatal exposures from many years earlier, although we adjusted for time between birth 

and survey completion and this did not meaningfully alter results. Additionally, mothers 

who used alcohol or illicit drugs during pregnancy may also less accurately recall other 

gestational factors that were included as covariates in our analyses. However, we did observe 

a significant association between maternal substance use and lower birthweight, as would 

be expected. Finally, prenatal tobacco, alcohol, and illicit drug use information, as well as 

birthweight and gestational age, were self-reported (by the birth mother in 92% of families), 

but could not be independently validated. The survey did not capture the timing of the 

exposure (e.g., first, second, third trimester), nor did it capture which illicit drugs were used. 

Therefore, we cannot address potential heterogeneity across exposure windows or across 

types of illicit drug use.

While is possible that some respondents categorized “illicit drugs” differently from others, 

the survey did provide examples and included marijuana in that list (“i.e., marijuana, 
cocaine, etc.”). Over the past two decades, the use of cannabis by pregnant women 

increased from 3.4% to 7% in a large, representative survey of American women. Those 

reporting using cannabis during the first trimester increased from 6% to 12% in that time, 

corresponding with ongoing state-level legalization of personal cannabis use in the U.S.(45) 

Our results support new efforts focused on both media literacy and science literacy targeted 

toward women who use cannabis frequently, particularly to those who are pregnant or may 

become pregnant in the near future.(46)

Prenatal substance use, regardless of socioeconomic status, has significant implications 

for maternal and fetal health. While it is crucial to emphasize that recreational drug 

use is not restricted to those living in poverty, the impact of socioeconomic factors on 

prenatal substance use cannot be ignored. First, individuals from lower socioeconomic 
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backgrounds may face additional stressors such as financial instability and limited access 

to healthcare.(47) These stressors can potentially drive some individuals to cope through 

substance use, including during pregnancy.(48) Consequently, prenatal substance use in 

disadvantaged populations may be exacerbated by these external pressures. Conversely, 

substance use during pregnancy can also affect socioeconomic status. Women who use drugs 

while pregnant may face challenges in accessing prenatal care, maintaining employment, 

or providing a stable environment for their child, potentially perpetuating a cycle of 

disadvantage.(49)

This study provides valuable insights into potential associations between maternal prenatal 

substance use and childhood cancer, expanding the focus beyond traditional factors 

to include illicit drug use and moderate-to-heavy alcohol use. We observed intriguing 

connections between illicit drug use during pregnancy and the occurrence of specific 

childhood cancers, including embryonal tumors of the CNS and retinoblastoma, but no 

association with astrocytoma despite its larger sample size. Moreover, our findings suggest 

a potential link between moderate-to-heavy prenatal alcohol use and NHL Although the 

limitations of our research warrant cautious interpretation of results, particularly regarding 

the precision with which effect sizes could be estimated, the robustness of our methodology, 

minimization of differential recall bias, and the specificity of our associations within 

developmentally-related neuronal malignancies contribute to a growing body of evidence 

highlighting how maternal substance use during pregnancy might impact both neurogenesis 

and childhood cancer development. As we continue to unravel the intricate molecular and 

developmental mechanisms underlying these associations, our study underscores the need 

for further laboratory research, targeted educational efforts, and potential public health 

interventions aimed at enhancing the well-being of women of childbearing age and their 

children.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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ALSF Alex’s Lemonade Stand Foundation

AT/RT Atypical teratoid/rhabdoid tumor

CMV Cytomegalovirus

CNS Central nervous system

DIPG Diffuse intrinsic pontine glioma

GWAS Genome-wide association studies

JPA Juvenile pilocytic astrocytoma

MCC My Childhood Cancer

NHL non-Hodgkin lymphoma

PNET Primitive neuroectodermal tumor
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FIGURE 1. Directed acyclic graph (DAG) of primary regression analysis investigating the 
relationship between maternal substance use during pregnancy (tobacco smoking, moderate to 
heavy alcohol consumption, illicit drug use) and childhood cancer subtype.
Variables in the model include potential confounders (birth year, household income, child’s 

birth order, respondent status as biological mother) and potential mediators that were 

controlled for in the analysis (birthweight, gestational age) in order to evaluate the direct 

effect of the primary exposure of interest (maternal substance use) on childhood cancer 

subtypes. (Image generated with dagitty)
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TABLE 1.

Demographic characteristics of survey respondents and their child diagnosed with cancer

Number of respondents (N=3145) Percentage of study populationa

Respondent biological mother 2905 92

Respondent non-Hispanic white 2812 89

Household income at diagnosis

  <$50,000 941 30

  $50,000-$99,999 1277 41

  $100,000+ 765 24

  Missing 162 5

Maternal prenatal tobacco use

  Yes 412 13

  No 2692 86

  Missing 41 1

Maternal prenatal alcohol use

  Yes 13 <1

  No 3084 98

  Missing 48 2

Maternal prenatal illicit drug use

  Yes 78 3

  No 3020 96

  Missing 47 1

Child sex

  Male 1723 55

  Female 1421 45

  Missing 1 <1

Child age at diagnosis

  0-2 years 1024 33

  3-5 years 813 26

  6-9 years 545 17

  10+ years 763 24

Child gestational term

  Full term 2773 88

  Premature 351 11

  Missing 21 1

Child birthweight

  Low birthweight (≤5 pounds) 249 8

  Normal birthweight (6-9 pounds) 2719 87
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Number of respondents (N=3145) Percentage of study populationa

  High birthweight (10+ pounds) 157 5

  Missing 20 <1

Child birth order

  Youngest child 1279 23

  Only child 730 23

  Oldest child 708 41

  Neither oldest nor youngest child 399 13

  Missing 29 <1

Child cancer subtype b

  Acute lymphoblastic leukemia (ALL) 921 29

  Neuroblastoma 428 14

  All sarcomasc 416 13

  Astrocytomad 234 7

  CNS embryonale 212 7

  Wilms tumor 184 6

  Rhabdomyosarcoma 158 5

  Acute myeloid leukemia (AML) 148 5

  Non-Hodgkin lymphoma (NHL) 121 4

  Ewing sarcoma 114 4

  Osteosarcoma 95 3

  Hodgkin lymphoma 62 2

  Ependymoma 61 2

  Hepatoblastoma 61 2

  Germ cell tumor 56 2

  Retinoblastoma 55 2

  Otherf 39 1

a
Percentages may total to >100% due to rounding

b
Due to the inclusion of the “All sarcomas” category, proportions in this section will sum to >100%, and frequencies will sum to >3145

c
Includes subtypes rhabdomyosarcoma, osteosarcoma, Ewing Sarcoma and 48 other soft tissue sarcomas with analytic groups too small for 

analysis, including 1 alveolar soft part sarcoma, 1 angiosarcoma, 8 clear cell sarcoma of the kidney, 1 dermatofibrosarcoma protuberans, 10 
desmoplastic round cell tumor, 2 epithelioid sarcoma, 1 encapsulated extra-skeletal sarcoma, 4 infantile fibrosarcoma, 1 intimal sarcoma, 4 
peripheral nerve sheath tumor, 1 mesenchymal chondrosarcoma, 1 spindle cell sarcoma, 2 synovial sarcoma, 10 undifferentiated sarcomas, and 1 
unspecified paraspinal sarcoma.

d
Including diffuse intrinsic pontine glioma (DIPG; N=62), glioblastoma (N=32), juvenile pilocytic astrocytoma (N=25), and other diffuse 

astrocytoma (N=115)

e
Including atypical teratoid/rhabdoid tumor (AT/RT; N=17), medulloblastoma (N=170), supratentorial primitive neuroectodermal tumors (PNETs; 

N=24), and pineoblastoma (N=1)

f
Includes cancer subtypes too few for analysis, including: thyroid, Langerhans cell histiocytosis, pleuropulmonary blastoma, adrenocortical 

carcinoma, and ectomesenchymoma

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2024 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Wimberly et al. Page 18

TABLE 2.

Relationships between maternal gestational substance use and childhood cancer subtypea

Cancer Type Tobacco use (PRb; 95% CI) P-value Illicit drug use (PRb; 95% CI) P-value

ALLd (Nc=829) 1.00 (0.84-1.19) 1.00 0.58 (0.34-0.97) 0.040

Neuroblastoma (Nc=395) 0.77 (0.56-1.04) 0.09 0.55 (0.23-1.28) 0.16

All sarcomas (Nc=381) 0.60 (0.43-0.85) 3.52×10−3 1.36 (0.82-2.25) 0.23

Astrocytomae (Nc=212) 1.02 (0.69-1.49) 0.93 1.21 (0.56-2.62) 0.62

CNS embyronalf (Nc=192) 1.19 (0.82-1.73) 0.35 1.94 (1.05-3.58) 0.035

Wilms’ tumor (Nc=175) 1.26 (0.85-1.88) 0.24 1.21 (0.51-2.86) 0.66

Rhabdomyosarcoma (Nc=145) 0.48 (0.24-0.93) 0.030 1.25 (0.47-3.29) 0.66

AMLg (Nc=136) 1.46 (0.95-2.25) 0.08 0.64 (0.16-2.55) 0.52

Ewing sarcoma (Nc=105) 0.64 (0.33-1.25) 0.19 1.98 (0.81-4.83) 0.13

Non-Hodgkin lymphoma (Nc=106) 1.50 (0.91-2.46) 0.11 1.58 (0.59-4.21) 0.36

Osteosarcoma (Nc=87) 0.76 (0.40-1.46) 0.41 0.97 (0.25-3.74) 0.97

Hodgkin lymphoma (Nc=60) 1.12 (0.56-2.26) 0.75 - -

Ependymoma (Nc=59) 1.51 (0.78-2.91) 0.22 1.37 (0.33-5.77) 0.67

Hepatoblastoma (Nc=57) 1.09 (0.54-2.20) 0.81 1.25 (0.31-5.07) 0.75

Germ cell tumor (Nc=53) 1.32 (0.62-2.81) 0.47 1.52 (0.43-5.35) 0.51

Retinoblastoma (Nc=51) 0.64 (0.25-1.62) 0.35 3.11 (1.20-8.08) 0.020

a
Multivariable, log-Poisson model with robust variance, controlling for: whether respondent is biological mother, household income at diagnosis 

(ordinal; 3-level), child’s birthweight, child’s gestational age, child’s birth year (ordinal; 6-level), child’s birth order (ordinal; 4-level), and 
respondent non-Hispanic white race/ethnicity

b
Prevalence ratios by subtype, comparing the listed cancer subtype to all other childhood cancer patients in the study. Therefore, it should it noted 

that the reference group changes slightly for each subtype comparison.

c
Minimum number of cases included in model for prenatal tobacco, alcohol, or illicit drug use. For some exposures, sample size may be slightly 

larger due to more complete covariate data.

d
Acute lymphoblastic leukemia

e
Includes diffuse intrinsic pontine glioma (DIPG), glioblastoma, juvenile pilocytic astrocytoma, and other diffuse astrocytoma, as described in 

Table 1.

f
Includes atypical teratoid/rhabdoid tumor (AT/RT), medulloblastoma, supratentorial primitive neuroectodermal tumors (PNETs), and 

pineoblastoma, as described in Table 1.

g
Acute myeloid leukemia
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