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ABSTRACT

Background: Previous studies provide conflicting evidence of a link between maternal substance use and risk of
childhood cancer.

Methods: We analyzed a cohort of 785,438 newborns in Quebec (2006-2016). We identified infants whose
mothers had problematic illicit drug, tobacco, or alcohol use before or during pregnancy. The primary outcomes
were childhood hematopoietic cancer or solid tumors within 0-5 years of age. Using Cox proportional hazards
models, we computed hazard ratios (HR) and 95% confidence intervals (CI) for the association between maternal
substance use and childhood cancer, adjusted for potential confounders.

Results: A total of 925 cases of cancer occurred during 3.5 million person-years of follow-up. Children exposed to
any maternal substance use had marginally elevated cancer incidence rates compared with unexposed children
(29.4 vs. 26.1 per 100,000 person-years). Maternal illicit drug use was associated with the risk of acute lym-
phoblastic leukemia (HR 1.63, 95% CI 0.79-3.36) and fibrosarcoma (HR 2.11, 95% CI 0.86-5.16). Maternal
tobacco use was associated with acute myeloid leukemia (HR 2.01, 95% CI 0.72-5.60) and fibrosarcoma (HR
2.13, 95% CI 1.05-4.32), but a weak association with neuroblastoma (HR 1.21, 95% CI 0.61-2.40) and renal
tumors (HR 1.14, 95% CI 0.42-3.13) also appeared to be present.

Conclusions: We found a potential association between maternal substance use and certain types of early
childhood cancer. Although effects were modest, maternal substance use may contribute to some types of
childhood cancer, especially leukemia and fibrosarcoma.

1. Introduction

Health Canada, 2017; Stiller, 2004). The opioid epidemic and a con-
tinuing move towards marijuana legalization in North America have

Substance use among pregnant women is widespread, but the health
implications for children are poorly understood. Around 10% of women
report drinking or smoking during pregnancy, and 1-2% report using
illicit drugs (Ordean et al., 2017; Public Health Agency of Canada,
2009). Maternal substance use has the potential to influence the risk of
childhood cancer. Pediatric cancer is one of the largest contributors to
early childhood mortality, and the incidence appears to be increasing
over time (Health Canada, 2017). Few risk factors have been clearly
identified (Health Canada, 2017) apart from ionizing radiation, che-
motherapy agents, and constitutional genetic alterations, which to-
gether contribute to only a small proportion of cancers (Bunin, 2004;

renewed concerns about the short- and long-term effects of maternal
substance use on infants (Huang et al., 2015; Ordean et al., 2017), in-
cluding the potential to increase childhood cancer rates.

The period of greatest risk for childhood cancer is the first few years
of life, with children under age 5 diagnosed at twice the rate of those
aged 5-15 years (Health Canada, 2017). The proclivity to appear so
early in life suggests that many childhood cancers may relate to in utero
or even periconceptional exposures (Bunin, 2004; Stiller, 2004). In
utero exposure to substance use is linked with a number of adverse
short- and long-term outcomes in children (Ordean et al., 2017), yet the
rarity of childhood cancer makes it difficult to draw conclusive links
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with maternal substance use (Karalexi et al., 2017; Mucci et al., 2004;
Trivers et al., 2006).

Existing studies on the association of maternal substance use with
different childhood cancers are conflicting (Bluhm et al., 2006; Brooks
et al., 2004; Grufferman et al., 1993; Karalexi et al., 2017; Mucci et al.,
2004; Miiller-Schulte et al., 2018; Slater et al., 2011; Tettamanti et al.,
2016; Trivers et al., 2006). While most studies find a relationship be-
tween illicit drugs, tobacco, or alcohol and neuroblastoma (Bluhm
et al., 2006; Buck et al., 2001; Chu et al., 2016; Miiller-Schulte et al.,
2018; Schwartzbaum, 1992; Yang et al., 2000), studies of childhood
leukemia are more heterogeneous (Infante-Rivard et al., 2002; Karalexi
et al., 2017; Latino-Martel et al., 2010; MacArthur et al., 2008; Milne
et al., 2013; Mucci et al., 2004; Shu et al., 1996). A Swedish study found
that smoking in pregnancy increased the risk of acute myeloid but not
lymphoblastic leukemia (Mucci et al., 2004), whereas a Canadian study
found an increased risk of both cancers (MacArthur et al., 2008). We
therefore investigated the association between maternal substance use
and risk of childhood cancer within 0-5 years of age in a large cohort of
newborns. We defined substance use as use of illicit drugs, tobacco, and
alcohol but not prescription or over-the-counter medications.

2. Materials and methods
2.1. Study design and population

We performed an observational cohort study using data from the
Maintenance and Use of Data for the Study of Hospital Clientele reg-
istry, which contains all children born in Quebec, Canada, from 2006 to
2016 (N = 785,438). We followed the children from birth until age 5
years, death, or March 31, 2017, whichever came first. The database is
an administrative registry that has discharge abstracts for all hospita-
lizations in the province, including 99% of deliveries. Discharge ab-
stracts for newborns are linked with the mother’s delivery abstract and
contain both the mother and infant’s encrypted medical insurance
numbers (Ministry of Health and Social Services, 2017). We used
medical insurance numbers, which are permanently assigned by the
provincial government and do not change over time, to track the infants
for future hospitalizations. Children who died at birth, had an invalid
health insurance number, or were linked to mothers with an invalid
health insurance number were not included, as they could not be fol-
lowed over time and lacked full information on maternal exposures.

We collected information on maternal exposures from the obstetric
discharge abstract. The abstracts contain information related to ma-
ternal exposures during antenatal follow-up as well as during delivery
(Collége des médecins du Québec, 2005). Moreover, we collected in-
formation on maternal exposures before pregnancy from discharge
abstracts of previous hospitalizations. We identified all previous hos-
pitalizations dating back to 1989, the earliest year in which data be-
came available.

2.2. Substance use

We identified women who had problematic use of illicit drugs, al-
cohol, or tobacco during previous hospitalizations or during pregnancy
using the 9" and 10% revisions of the International Classification of
Diseases (Table S1). During antenatal visits, women were asked about
any substance use in pregnancy, whether mild or problematic. Before
pregnancy, however, we could only capture problematic substance use
that led to hospitalization. Most cases of mild substance use do not
require hospitalization. In this study, we could not fully identify women
with mild or undocumented substance use.

We analyzed substance use as a binary exposure (yes, no) as well as
by type of exposure (illicit drugs, tobacco use without illicit drugs, no
problematic substance use). Previous literature indicates tobacco is
more strongly related to cancers such as hepatoblastoma (Spector and
Birch, 2012). Due to the rarity of the outcome, we were unable to
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examine associations for specific illicit drugs or analyze alcohol as a
separate category.

2.3. Childhood cancer

We followed children from birth to identify future hospitalizations
for any type of cancer before their sixth birthday, as a large proportion
of cancers manifest within 0-5 years. Early onset cancers are more
likely to be attributable to prenatal exposures than later cancers. The
main outcome measure was the occurrence of any cancer expressed as a
binary variable (yes, no). We further divided cancers into two major
types (hematopoietic vs. solid tumors) and several narrower subtypes
(acute lymphoblastic leukemia, acute myeloid leukemia, other leuke-
mias; lymphoma, central nervous system tumors, retinoblastoma, soft
tissue sarcoma, neuroblastoma; other solid tumors of the renal, hepatic,
bone, germ cell, skin and respiratory systems). Soft tissue sarcomas
included rhabdomyosarcoma, fibrosarcoma, and other specified soft
tissue sarcomas. We defined the outcomes using topography and mor-
phology codes in the International Classification of Diseases for
Oncology-3, classified following a modified version of the World Health
Organization’s 3rd edition of the International Classification of
Childhood Cancer (Steliarova-Foucher et al., 2005). Most children with
cancer are hospitalized in Quebec.

2.4. Covariates

We obtained maternal and infant birth characteristics from the de-
livery abstract and considered several covariates that could confound
the association between substance use and early childhood cancer. We
included infant sex (male, female) (Kaatsch, 2010), maternal age
(< 25, 25-34, =35 years), parity (0, 1, =2), preexisting/gestational
diabetes (Contreras et al., 2016; Johnson et al., 2009; Stiller, 2004), and
socioeconomic status (most disadvantaged quintile, not disadvantaged,
unknown) (Bunin, 2004). Socioeconomic status was based on a com-
posite score of mean income, education, and employment rate for
neighborhoods in the Canada Census (Auger et al., 2015). We did not
adjust for birth weight or congenital anomalies detected at birth or
during later hospitalizations (Table S1), as these factors likely lie on the
pathway between maternal substance use and childhood cancer (Fisher
et al., 2012; VanderWeele et al., 2012).

2.5. Data analysis

We calculated the incidence of early childhood cancer per 100,000
person-years. We used Cox models to calculate unadjusted and adjusted
hazard ratios comparing children exposed to maternal substance use
with children who were unexposed. Models were adjusted for infant
sex, maternal pre-existing or gestational diabetes, maternal age at de-
livery, parity, and socioeconomic status. We used the number of days
since birth as the timescale and verified the assumption of proportional
hazards using Schoenfeld residuals and time interaction terms. We
analyzed the first hospitalization for cancer, censoring children who did
not develop the outcome by the end of the study period and specifying
deaths as a competing risk using the Fine and Gray method (So et al.,
2014). We accounted for clustering of outcomes in siblings using robust
sandwich estimators (Zou, 2004).

In a secondary analysis, we assessed if associations varied with the
timing of substance use, distinguishing women whose substance use
was present during pregnancy versus those whose substance use was
documented only during pre-pregnancy hospitalizations. We did so
because a proportion of women with problematic substance use may
cease using substances before conception. However, we could only
perform this analysis for illicit drugs due to small cell counts. In a
sensitivity analysis, we examined the impact of excluding infants born
after March 31, 2012 who did not have a full 5 years of follow-up.

We used two-sided hypothesis tests and 95% confidence intervals
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Table 1

Incidence of childhood cancer according to maternal and newborn characteristics.
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Any cancer Hematopoietic cancer Solid tumors
No. children No. cancer Incidence per 100,000 person- No. cancer Incidence per 100,000 person- No. cancer Incidence per 100,000 person-
years (95% confidence years (95% confidence years (95% confidence interval)
interval) interval)
Maternal substance
use
Any 59,698 77 29.4 (25.1-34.4) 29 11.1 (8.6-14.3) 48 18.3 (15.0-22.4)
Illicit drugs 18,601 24 27.6 (20.8-36.6) 10 11.5 (7.4-17.8) 14 16.1 (11.1-23.3)
Tobacco 40,361 52 30.3 (25.0-36.6) 19 11.1 (8.1-15.2) 33 19.2 (15.1-24.5)
No 725,740 848 26.1 (24.9-27.4) 289 8.9 (8.2-9.6) 564 17.4 (16.4-18.4)
Maternal age
<25 125,282 153 26.8 (24.0-30.0) 48 8.4 (6.9-10.3) 106 18.6 (16.2-21.2)
25-34 525,246 618 26.2 (24.8-27.7) 222 9.4 (8.6-10.3) 399 16.9 (15.8-18.1)
=35 134,910 154 26.4 (23.6-29.5) 48 8.2 (6.7-10.1) 107 18.3 (16.0-21.0)
Maternal diabetes”
Yes 61,218 83 32.3 (27.8-37.6) 31 12.1 (9.4-15.5) 53 20.6 (17.1-25.0)
No 724,220 842 25.9 (24.7-27.1) 287 8.8 (8.1-9.6) 559 17.2 (16.2-18.2)
Parity
0 384,047 471 27.4 (25.7-29.2) 162 9.4 (8.4-10.5) 311 18.1 (16.7-19.6)
1 275,097 316 25.7 (23.8-27.8) 115 9.4 (8.2-10.6) 204 16.6 (15.1-18.3)
=2 126,294 138 24.6 (21.8-27.7) 41 7.3 (5.9-9.1) 97 17.3 (15.0-19.9)
Infant sex
Male 402,747 478 26.5 (24.9-28.3) 167 9.3 (8.3-10.3) 312 17.3 (16.0-18.7)
Female 382,691 447 26.1 (24.5-27.9) 151 8.8 (7.9-9.9) 300 17.5 (16.2-19.0)
Birth weight
=4000g 76,554 109 31.3 (27.4-35.8) 25 7.2 (5.4-9.5) 84 24.1 (20.7-28.1)
2500-3999g 671,853 765 25.5 (24.2-26.8) 279 9.3 (8.6-10.1) 491 16.4 (15.4-17.4)
< 25008 37,030 51 31.4 (25.9-38.2) 14 8.6 (6.0-12.5) 37 22.8 (18.2-28.6)
Congenital anomaly
Chromosomal 1,222 23 446.4 (334.4-596.0) 16 310.5 (219.6-439.1) 7 135.9 (80.5-229.4)
Structural 103,271 346 76.0 (70.5-81.9) 59 13.0 (10.8-15.5) 290 63.7 (58.7-69.1)
No 680,945 556 18.2 (17.2-19.3) 243 8.0 (7.3-8.7) 315 10.3 (9.5-11.2)
Socioeconomic status
High 139,327 153 24.4 (21.8-27.3) 38 6.1 (4.8-7.6) 116 18.5 (16.3-21.0)
Mid-High 155,137 189 27.1 (24.5-30.0) 72 10.3 (8.8-12.2) 120 17.2 (15.2-19.5)
Middle 153,457 179 26.0 (23.5-28.9) 66 9.6 (8.1-11.4) 114 16.6 (14.6-18.9)
Mid-low 152,462 187 27.4 (24.8-30.3) 69 10.1 (8.6-12.0) 118 17.3 (15.2-19.7)
Low 154,866 186 26.9 (24.3-29.8) 64 9.3 (7.8-11.0) 122 17.7 (15.6-20.0)
Total 785,438 925 26.3 (25.2-27.6) 318 9.1 (8.4-9.8) 612 17.4 (16.5-18.4)

@ Preexisting or gestational diabetes.

(CD) to assess statistical significance. We analyzed the data in SAS
version 9.4 (SAS Institute Inc., Cary, NC). Due to the anonymized
nature of the data, the institutional review board of the University of
Montreal Hospital Centre waived the need for ethics review.

3. Results

There were 3,511,487 person-years of follow-up in the study and
925 incident cases of cancer (26.3 per 100,000 person-years). This
number included 318 hematopoietic cancers (9.1 per 100,000 person-
years) and 612 solid tumors (17.4 per 100,000 person-years) (Table 1).
Cancer incidence tended to be greater for children exposed to maternal
substance use, including illicit drugs and tobacco, but differences were
small.

The adjusted hazard ratio for childhood cancer overall was mini-
mally elevated for any maternal substance use (Table 2). Substance use
was associated with 1.09 times the risk of any cancer (95% CI
0.86-1.38). Maternal substance use appeared to be more strongly as-
sociated with hematopoietic cancer than solid tumors. Illicit drug use
was associated with 1.23 times the risk of hematopoietic cancer (95%
CI 0.65-2.34), and tobacco use was associated with 1.17 times the risk
(95% CI 0.74-1.86). Children exposed to maternal tobacco use had 1.09
times the risk of solid tumors (95% CI 0.76-1.56).

Maternal substance use appeared to be most associated with acute
lymphoblastic leukemia, soft tissue sarcomas, and neuroblastoma
(Table 3). Associations differed somewhat for illicit drug versus tobacco
use. Illicit drug use was associated with 1.63 times the risk of acute

lymphoblastic leukemia (95% CI 0.79-3.36) and 2.11 times the risk of
fibrosarcoma (95% CI 0.86-5.16). In contrast, maternal tobacco use
was not associated with acute lymphoblastic leukemia but was asso-
ciated with 2.01 times the risk of acute myeloid leukemia (95% CI
0.72-5.60) and 1.52 times the risk of other leukemias (95% CI
0.70-3.31). Similar to illicit drugs, tobacco use was associated with
2.13 times the risk of fibrosarcoma (95% CI 1.05-4.32). Maternal to-
bacco use was also associated with an increased risk of neuroblastoma
and renal tumors.

When we accounted for the possibility of changes in the hazard over
time, both maternal illicit drug and tobacco use appeared to be asso-
ciated with a greater risk of acute lymphoblastic leukemia with age,
supporting a stronger link with this cancer after infancy (Fig. 1). Both
maternal illicit drug and tobacco use were associated with over 2 times
the risk of acute lymphoblastic leukemia at 5 years of age. Maternal
tobacco use appeared to be associated with a greater risk of fi-
brosarcoma over time, whereas illicit drug use was more strongly as-
sociated with fibrosarcoma earlier in life. There was no evidence of a
change in the hazard over time for other specific cancers.

When we assessed the timing of substance use (Table 4), illicit drug
use before pregnancy was associated with 1.87 times the risk of acute
lymphoblastic leukemia (95% CI 0.76-4.60) and 3.13 times the risk of
fibrosarcoma (95% CI 1.15-8.48). Illicit drug use during pregnancy
tended to be associated with neuroblastoma (HR 1.23, 95% CI
0.30-5.00). In sensitivity analyses, restricting the analysis to children
with a full 5 years of follow-up also tended to strengthen the associa-
tions somewhat.
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Table 2
Association between maternal substance use and childhood cancer.
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Unadjusted hazard ratio
(95% confidence interval)

Adjusted hazard ratio
(95% confidence interval)®

Any cancer Hematopoietic cancer

Solid tumors

Any cancer Hematopoietic cancer Solid tumors

Any maternal substance use
Yes
No

Type of substance use
Mllicit drugs
Tobacco
No

1.10 (0.87-1.38)
Reference

1.18 (0.81-1.72)
Reference

1.03 (0.69-1.54)
1.13 (0.85-1.50)
Reference

1.23 (0.65-2.30)
1.18 (0.74-1.87)
Reference

1.04 (0.78-1.40)
Reference

0.92 (0.54-1.55)
1.09 (0.77-1.56)
Reference

1.09 (0.86-1.38)
Reference

1.20 (0.81-1.74)
Reference

1.04 (0.77-1.40)
Reference

1.04 (0.69-1.56)
1.12 (0.85-1.49)
Reference

1.23 (0.65-2.34)
1.17 (0.74-1.86)
Reference

0.92 (0.54-1.57)
1.09 (0.76-1.56)
Reference

@ Adjusted for infant sex, maternal preexisting or gestational diabetes, maternal age at delivery, parity, and socioeconomic status. Sample sizes are provided in

Table S2.

Table 3
Association between maternal substance use and child cancer subtypes.

Hazard ratio (95% confidence interval)®

Mllicit drugs Tobacco No use
Any cancer 1.04 (0.69-1.56) 1.12 (0.85-1.49)  Reference
Hematopoietic cancer 1.23 (0.65-2.34) 1.17 (0.74-1.86)  Reference
Acute lymphoblastic leukemia  1.63 (0.79-3.36) 1.02 (0.54-1.93)  Reference
Acute myeloid leukemia - 2.01 (0.72-5.60)  Reference
Other leukemias 0.86 (0.21-3.50) 1.52(0.70-3.31)  Reference
Lymphoma - 0.48 (0.07-3.43)  Reference
Solid tumors” 0.92 (0.54-1.57) 1.09 (0.76-1.56)  Reference
Central nervous system 0.48 (0.12-1.96) 0.73 (0.32-1.66)  Reference
Retinoblastoma 0.66 (0.09-4.81) 0.62 (0.15-2.56)  Reference
Soft tissue sarcomas 1.86 (0.82-4.19) 1.46 (0.73-2.93)  Reference
Rhabdomyosarcoma 2.55 (0.35- - Reference

18.76)
Fibrosarcoma 2.11 (0.86-5.16) 2.13 (1.05-4.32)  Reference
Other sarcomas® - 0.76 (0.10-5.68)  Reference
Neuroblastoma 0.86 (0.27-2.71) 1.21 (0.61-2.40)  Reference
Renal 0.53 (0.07-3.93) 1.14 (0.42-3.13)  Reference
Germ - 1.30 (0.31-5.45)  Reference

% Adjusted for infant sex, maternal preexisting or gestational diabetes, ma-
ternal age at delivery, parity, and socioeconomic status. Sample sizes are pro-
vided in Table S3.

b Hepatic, bone, skin, and respiratory tumors were rare and could not be
shown separately.

¢ Glomangiosarcoma; pigmented dermatofibrosarcoma protuberans; myx-
omatous, lipomatous, myomatous, and synovial-like neoplasms; osteochon-
droma; mesenchymal chondrosarcoma.

4. Discussion

In this population-based cohort study of 785,438 children with over
3.5 million years of follow-up, we found some association between
maternal substance use and risk of certain childhood cancers. While
associations were imprecise due to small case numbers, our data
nonetheless point to elevated risks of hematopoietic cancer, neuro-
blastoma, and fibrosarcoma for children exposed to maternal illicit drug
and tobacco use. The association with fibrosarcoma is particularly
novel, as little is known about risk factors for this type of cancer (Loeb
et al., 2008). Children exposed to tobacco also had an elevated risk of
renal tumors.

Our results generally align with cohort studies that prospectively
collected information on maternal substance use. We found an in-
creased risk of acute myeloid leukemia in tobacco-exposed children, an
association also found in a Swedish study of 1.4 million children (Mucci
et al.,, 2004). The study moreover found a lower risk of acute lym-
phoblastic leukemia similar to our nearly null association. Two separate
studies using the same population of Swedish children found that ma-
ternal tobacco use was associated with an increased risk of brain tumors
(Brooks et al., 2004; Tettamanti et al., 2016). In our data, illicit drugs
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and tobacco were not associated with central nervous system tumors;
however, our sample size was smaller. Nonetheless, our results re-
semble findings of recent systematic reviews and meta-analyses. The
relationship we found between prenatal tobacco exposure and neuro-
blastoma is similar to a meta-analysis of 7 case-control studies (Chu
et al., 2016). Another meta-analysis reported a very similar risk of
neuroblastoma following tobacco exposure, but in contrast we found a
weaker association with illicit drugs (Miiller-Schulte et al., 2018).

Our results align with some but not all case-control studies where
recall and selection bias may have been a concern. In a case-control
study of 517 cases and 610 controls, marijuana use was not associated
with acute myeloid leukemia (Trivers et al., 2006), a finding that re-
sembles ours. However, the authors concluded in sensitivity analyses
that recall bias had the potential to explain the low odds ratios. Studies
of neuroblastoma generally yield findings that differ from ours. Mar-
ijuana use in the first trimester has been associated with neuroblastoma
(Bluhm et al., 2006), but we found much weaker associations with illicit
drugs. Studies of maternal substance use and soft tissue sarcomas are
rarer. In a Spanish report of 4 children with congenital fibrosarcoma, all
cases were exposed to parental tobacco use (Ortega-Garcia et al., 2012).
Similarly, tobacco and illicit drugs were associated with nearly twice
the risk of fibrosarcoma in our study.

Understanding the impact of maternal substance use on childhood
cancer can be challenging. In observational studies, underreporting of
substance use frequently cannot be circumvented. Misclassification of
exposed children as unexposed may attenuate the difference between
groups and minimize the ability to detect an association. For this
reason, statistically nonsignificant results should not necessarily be
interpreted as null associations (Alderson, 2004). Our results were not
statistically significant, but the elevated risks may nonetheless be
clinically meaningful and reflect conservative estimates of the asso-
ciation between maternal substance use and child cancer.

Moreover, an association between maternal substance use and
specific cancers is biologically plausible. Alcohol, tobacco, and several
illicit drugs have known teratogenic potential, raising the possibility
that prenatal exposure to these substances may also induce genetic
damage that potentiates the later development of cancer (Karalexi
et al., 2017; Mucci et al., 2004; Miiller-Schulte et al., 2018). Unlike
congenital anomalies, however, it is less clear if there is a critical
window of exposure during pregnancy that is more likely to increase
cancer risk (Miiller-Schulte et al., 2018). Studies evaluating the effect of
maternal substance use during specific trimesters on the risk of cancer
are rare. A study of maternal marijuana use found that the risk of
neuroblastoma was greater among children exposed in the first trime-
ster and that risks were elevated but nonsignificant in the second and
third trimesters (Bluhm et al., 2006). Cancer risk may also depend on
factors such as parental gene polymorphisms and gene-environment
interactions. A study of 491 children with acute lymphoblastic leu-
kemia found that maternal genetic polymorphisms could increase the
burden of prenatal alcohol exposure in women who consumed alcohol
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A. Acute Lymphoblastic Leukemia
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Fig. 1. Association of maternal substance use

with acute lymphoblastic leukemia and fi-
brosarcoma by age of child at diagnosis.

] Panels show the change in hazard ratios (solid

lines) over time, with upper and lower con-

! fidence intervals (dashed lines). Hazard ratios

are adjusted for infant sex, maternal pre-

existing or gestational diabetes, maternal age

at delivery, parity, and socioeconomic status.
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Table 4

Association between maternal illicit drug use and child cancer subtypes, ac-
cording to timing of maternal substance use.

Hazard ratio (95% confidence interval)®

Illicit drugs before
pregnancy only

Illicit drugs during
pregnancy”

Any cancer

Hematopoietic cancer

Acute lymphoblastic leukemia
Acute myeloid leukemia
Other leukemias

Lymphoma

Solid tumors®

Central nervous system
Retinoblastoma

Soft tissue sarcomas

1.13 (0.66-1.92)
1.37 (0.61-3.11)
1.87 (0.76-4.60)

0.83 (0.11-6.11)

0.45 (0.06-3.26)

2.85 (1.17-6.93)

0.93 (0.50-1.73)
1.07 (0.40-2.86)
1.34 (0.42-4.21)

0.89 (0.13-6.18)

0.52 (0.07-3.70)
1.39 (0.19-10.16)
0.67 (0.10-4.72)

Rhabdomyosarcoma 4.54 (0.62-33.16) -
Fibrosarcoma 3.13 (1.15-8.48) 0.90 (0.13-6.34)
Other specific sarcomas® - -
Neuroblastoma 0.53 (0.07-3.83) 1.23 (0.30-5.00)
Renal 1.01 (0.14-7.48) -
Germ - -

@ Hazard ratios are relative to no substance use, adjusted for infant sex,
maternal preexisting or gestational diabetes, maternal age at delivery, parity,

and socioeconomic status. Sample sizes are provided in Table S4.
> With or without prior illicit drug use.

¢ Hepatic, bone, skin, and respiratory tumors were rare and could not be

shown separately.

4 Glomangiosarcoma; pigmented dermatofibrosarcoma protuberans; myx-
omatous, lipomatous, myomatous, and synovial-like neoplasms; osteochon-

droma; mesenchymal chondrosarcoma.

2 3 4 5
Age, years

during pregnancy and breastfeeding (Infante-Rivard et al., 2002).

Several associations strengthened in analyses restricted to illicit
drug use during pre-pregnancy hospitalizations. Some women in our
cohort had illicit drug use documented five years or more before
pregnancy, raising the possibility that chronic substance use was not
reported during pregnancy or that past drug use was a risk factor even if
women stopped using substances before pregnancy. Substance use has
been shown to cause long-term epigenetic changes that are passed on to
future offspring, some of which could increase cancer risk (Nielsen
et al., 2012; Yiu and Li, 2015). It is also possible that women with illicit
drug use have chronic health disorders that contribute to the increased
cancer risk in offspring. Stigma around admitting illicit drug use during
pregnancy may, however, be prominent and explain the weaker asso-
ciations compared with pre-pregnancy use of drugs.

This study had several important limitations. We could not fully
identify women with mild substance use, making it difficult to compare
our results with studies that had different exposure definitions. We
could not assess exposure to illicit drugs or alcohol during breastfeeding
due to lack of data on this covariate. Similarly, we did not know the
proportion of women who successfully stopped using illicit drugs, to-
bacco, or alcohol, although most Canadian women report quitting
smoking and drinking during pregnancy (Public Health Agency of
Canada, 2009). We did not have information on paternal substance use
or environmental smoke exposure after the child’s birth. We also did
not have data on prescription medications. We had limited knowledge
of polysubstance use and no information on dose and frequency. We
could not analyze alcohol separately due to limited sample size and
could not determine if in utero exposure occurred during only part of
pregnancy or continuously throughout. We could not track patients that
moved out of Quebec or were hospitalized in another province. We also
could not account for competing risks such as miscarriage,
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terminations, and stillbirth. We controlled for potential confounders,
but residual bias may remain, as we did not have data on ethnicity and
prenatal care. Use of ICD codes may have resulted in misclassification of
exposures or outcomes. The data reflect a multiethnic Canadian pro-
vince with universal publicly funded health care, but we do not know if
similar associations would be found in areas with different character-
istics.

In this cohort study of nearly 800,000 children, we found some
evidence of an association between maternal substance use and the risk
of cancer in offspring. Risks were elevated for illicit drugs and tobacco,
particularly for certain hematopoietic cancers and soft tissue sarcomas.
Due to probable underreporting of substance use, the results reflect a
conservative estimate of the association with childhood cancer. Our
results suggest maternal substance use may play a role in the devel-
opment of childhood cancer, although the extent is unclear. Women
should abstain from any substance use during pregnancy to minimize
any potential risk.
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