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ABSTRACT 

PURPOSE: Studies report mixed findings regarding the association of breastfeeding with 

childhood brain tumors (CBT), the leading causes of cancer-related mortality in young people. 

Our objective was to determine whether breastfeeding is associated with CBT incidence. 

METHODS: We pooled data on N=2,610 cases with CBT (including 697 cases with 

astrocytoma, 447 cases with medulloblastoma/primitive neuroectodermal tumor [PNET], 167 

cases with ependymoma) and N=8,128 age- and sex-matched controls in the Childhood Cancer 

and Leukemia International Consortium. We computed unconditional logistic regression models 

to estimate the odds ratio (OR) and 95% confidence interval (CI) of CBT, astrocytoma, 

medulloblastoma/PNET, and ependymoma according to breastfeeding status, adjusting for 

study, sex, mode of delivery, birthweight, age at diagnosis/interview, maternal age at delivery, 

maternal educational attainment, and maternal race/ethnicity. We evaluated any breastfeeding 

versus none and breastfeeding ≥6 months versus none. We subsequently performed random 

effects meta-analysis to confirm our findings, identify potential sources of heterogeneity, and 

evaluate for outliers or influential studies. RESULTS: Breastfeeding was reported by 64.8% of 

control mothers and 64.5% of case mothers and was not associated with CBT (OR 1.04, 95% 

CI 0.94-1.15), astrocytoma (OR 1.01, 95% CI 0.87-1.17), medulloblastoma/PNET (OR 1.11, 

95% CI 0.93-1.32), or ependymoma (OR 1.06, 95% CI 0.81-1.40). Results were similar when 

we restricted to breastfeeding ≥6 months and in meta-analyses. CONCLUSION: Our data 

suggest that breastfeeding does not protect against CBT.  

KEYWORDS  

childhood brain tumors; childhood cancer; epidemiology; breastfeeding; infant feeding; 

Childhood Cancer & Leukemia International Consortium.
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INTRODUCTION 

Brain tumors have overtaken leukemia as the leading cause of cancer-related death in 

children and adolescents [1, 2]. Childhood brain tumors (CBTs) encompass many histologically 

distinct subtypes, the most common being glioma, medulloblastoma, and primitive 

neuroectodermal tumors (PNET) [3, 4]. Ionizing radiation is an established risk factor, as are 

Cowden, Gorlin, Li-Fraumeni, Rubinstein-Taybi, Turcot, and Von Hippel-Lindau syndromes, 

tuberous sclerosis, and neurofibromatosis types 1 and 2 [2, 4]. However, the proportion of CBTs 

attributable to de novo or inherited genetic variants is believed to be small [5, 6], suggesting a 

role for environmental factors in their etiology.  

Both parent and child factors may be associated with CBTs. Suspected parental risk 

factors include older age [7, 8] and exposure to pesticides or polycyclic aromatic hydrocarbons; 

some investigations [9, 10], but not others [11, 12], report that maternal pre-pregnancy folic acid 

consumption may be protective. Studies have consistently reported associations between birth 

defects and CBTs [13, 14], and there is evidence that high birthweight (≥4,000 grams) or large-

for-gestational age are associated with increased risk of CBT [15-17]. Conversely, early life 

allergy and asthma have been associated with reduced risk, which is hypothesized to stem from 

enhanced immune surveillance and elimination of malignant cells in affected individuals 

(although this could also be attributable to an immunosuppressive effect of the tumor itself) [18]. 

In many studies, findings varied by tumor subtype, timing of exposure, and timing of diagnosis. 

During infancy, the developing immune system may be influenced by environmental 

exposures, including breastfeeding. Human milk contains immunomodulatory compounds that 

may influence the immune system’s capacity to detect and eliminate cancerous cells. These 

include maternal glucocorticoids [19] with well-characterized anti-leukemic effects [20] as well 

as secreted antibodies, cytokines, hormones, and oligosaccharides [21]. These compounds are 

integral to the development of the infant’s immune system and gut microbiome, and could 

contribute to the inverse associations between breastfeeding and immune-mediated chronic 

diseases [22]. However, studies of breastfeeding and CBT have produced equivocal results. 

Breastfeeding ≥6 months was associated with a non-significantly reduced risk of CBT in 

Swedish [23] (OR 0.7, 95% CI 0.4-1.3) and Australian [24] (OR 0.77, 95% CI 0.44-1.35) studies. 

Conversely, no association was observed between breastfeeding and CBT in the United 

Kingdom Childhood Cancer Study [25] (UKCCS) (OR 1.01, 95% CI 0.85-1.21) or in a pooled 

analysis of two nationwide French case-control studies [26] (OR 1.0, 95% CI 0.9-1.3). A 

systematic review and meta-analysis of five studies including N=899 childhood central nervous 

system tumor cases concluded that there was little evidence of an association [27]. 
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The rarity of CBT (3-5 cases per hundred thousand children in most populations) and the 

heterogeneity among subtypes are significant barriers to the identification of risk factors and 

may partly explain the inconsistent findings in the literature. To overcome these, we pooled data 

from ten epidemiologic studies in the Childhood Cancer & Leukemia International Consortium 

(CLIC) [28]. We sought to determine whether breastfeeding is associated with CBT overall, as 

well as astrocytoma, medulloblastoma/PNET, and ependymoma specifically. 

METHODS 

Participating Studies 

CLIC was established in 2007 to facilitate etiologic studies of childhood leukemia [28], 

and subsequently expanded its focus to include pediatric solid tumors. Currently, affiliated 

Principal Investigators (PIs) representing >50 epidemiologic studies performed in 19 countries 

contribute data to pooled analyses and meta-analyses of childhood cancer. The PIs of ten 

studies contributed data for the present study (Table S1). These included nationwide studies 

from France (ESCALE and ESTELLE), Germany (GCCR), Greece (NARECHEM-ST), New 

Zealand (NZCCS), and the United Kingdom (UKCCS), as well studies from Quebec, Texas, 

Washington State, and California, performed between 1974 and 2019. In the study from 

Washington State, breastfeeding status was ascertained by linkage between a population-

based cancer registry and vital records; in other studies, mothers completed structured 

questionnaires that asked about breastfeeding and other exposures. Requested data included 

case-control status; age at diagnosis (among cases) or interview (among controls); 

breastfeeding status (ever/never and duration); sex; mode of delivery; birthweight; history of 

daycare attendance, infections, and allergy during the first year of life; and maternal age, 

education, and race/ethnicity. Data harmonization and analysis were performed at Baylor 

College of Medicine (BCM; Houston, TX USA) between October 2020 and July 2022. This study 

was performed in accordance with the Principles of the Declaration of Helsinki. Participating 

studies were approved by the relevant institutional review boards or ethics committees. We 

followed the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) 

reporting guidelines (Table S2). 

Data Harmonization 

We included cases and controls 1-14 years of age at diagnosis or interview, 

respectively. We evaluated all childhood brain tumors (CBT) collectively and astrocytoma, 

medulloblastoma/primitive neuroectodermal tumor (PNET), and ependymoma individually, 

according to the International Classification of Childhood Cancers, Third Edition (ICCC-3) 

standard definitions (Table S3). We compared the odds of CBT among children who were ever 
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breastfed and breastfed ≥6 months versus never breastfed, and evaluated breastfeeding 

duration (in months) as a continuous variable. Except in the study from Washington State, 

where duration was not reported, we considered children breastfed <1 week to be never 

breastfed, as breastfeeding may not be fully established during the first few days of life. As 

duration was not measured in Washington State, we considered these children breastfed if birth 

records indicated the mother was breastfeeding when discharged from hospital and excluded 

them from analyses of breastfeeding ≥6 months and breastfeeding duration.  

Statistical Analysis 

Statistical analyses were performed in R v3.6.3 (R Foundation, Vienna, Austria). As the 

exposure of interest was breastfeeding up to 1 year of age, we excluded infants and children 

with missing breastfeeding data from all analyses. We summarized the distributions of 

demographic and breastfeeding variables by case-control status and subtype using counts and 

percentages, and tested for significant differences between cases and controls using Χ2 tests. 

Thereafter, we employed two distinct analytic approaches. 

First, we combined data from all participants and estimated pooled odds ratios (ORs) 

and 95% confidence intervals (CIs) for the associations between breastfeeding variables and 

CBT/CBT subtypes using unconditional logistic regression. All models were adjusted for study, 

and adjusted models additionally included terms for sex and age at diagnosis/interview (i.e., the 

matching factors), as well as birthweight, mode of delivery (vaginal, cesarean), maternal 

education (secondary or less, post-secondary), maternal race/ethnicity (Hispanic, non-Hispanic 

Asian/Pacific Islander, non-Hispanic Black, non-Hispanic white, or other/unknown), and 

maternal age at birth. Because detailed information on maternal race and ethnicity were not 

collected in the French ESCALE and ESTELLE studies, the race/ethnicity of subjects from these 

studies was classified as unknown in our primary analyses. All studies and all available controls 

were included in models for CBT subtypes, which were adjusted for the same covariates. 

Among studies that provided data (see Table 1), we computed models adjusted for daycare 

attendance and history of infections during infancy (both yes/no) to assess whether early life 

infectious exposures might confound associations between breastfeeding and CBT. Based on 

evidence that tumor immune surveillance and the impact of nutrition on the developing immune 

system may be sexually dimorphic [29, 30], we performed sex-specific analyses. We also 

performed separate analyses of children <5 and ≥5 years of age, as we hypothesized that 

breastfeeding may be associated with reduced odds of CBT at younger but not older ages and 

that mothers of younger children may recall breastfeeding practices more accurately. In each of 
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these, we tested for additive and multiplicative interactions based on the method proposed by 

Knol et al. [31] and operationalized in the ‘interactionr’ package [32]. 

Second, we estimated summary ORs and 95% CIs using random effects meta-analysis 

with inverse variance weighting (‘metagen’ function in the ‘meta’ package), and summarized the 

results in forest plots (‘forest’ function in the ‘meta’ package). The I2 statistic was used to 

estimate heterogeneity (low heterogeneity: <25%; moderate heterogeneity: 25-74%; high 

heterogeneity: ≥75%). We used the ‘InfluenceAnalysis’ function in the ‘dmetar’ package to 

identify outliers and potentially influential studies per the criteria of Viechtbauer and Cheung 

[33]. We compared results from random effects meta-analysis of all studies to those produced 

by iteratively excluding one study at a time (‘leave-one-out analyses’). 

Finally, to better understand the association of breastfeeding per se with CBT risk, we 

performed latent class analysis (LCA; R package ‘poLCA’) [34]. First, using the observed 

indicator variables of breastfeeding, mode of delivery, birthweight, daycare attendance during 

infancy, maternal age, and maternal education, we constructed models with a minimum of two 

and maximum of five latent classes and compared goodness-of-fit based on the Bayesian 

information criterion (BIC). Next, we estimated the OR and 95% CI of CBT and its subtypes 

from predicted class memberships in the model with the optimal BIC, adjusting for study, age at 

diagnosis/interview, and sex (i.e., a three-step approach) [35]. 
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Table 1 Demographic Characteristics of Cases and Controls in the Pooled Study Sample, N (%). 

 
Controls 
(N=8,128) 

CBT Cases 
(N=2,610) 

Astrocytoma 
(N=1,092) 

MB or PNET 
(N=695) 

Ependymoma 
(N=263) 

Other 
(N=560) 

Sex       

Male 4,405 (54.2) 1,441 (55.2) 557 (51.0) 439 (63.2) 155 (58.9) 290 (51.8) 

Female 3,723 (45.8) 1,169 (44.8) 535 (49.0) 256 (36.8) 108 (41.1) 270 (48.2) 

Age (years)       

1-4 3,558 (43.8) 1,059 (40.6) 409 (37.5) 294 (42.3) 148 (56.3) 208 (37.1) 

5-9 2,725 (33.5) 1,013 (38.8) 425 (38.9) 296 (42.6) 68 (25.9) 224 (40.0) 

10-14 1,845 (22.7) 538 (20.6) 258 (23.6) 105 (15.1) 47 (17.9) 128 (22.9) 

Birthweight (g)       

<2500  431 (5.3) 162 (6.2) 66 (6.0) 37 (5.3) 18 (6.8) 41 (7.3) 

2500-3999 6,814 (83.8) 2,131 (81.6) 891 (81.6) 570 (82.0) 211 (80.2) 459 (82.0) 

≥4000 857 (10.5) 301 (11.5) 133 (12.2) 82 (11.8) 32 (12.2) 54 (9.6) 

Missing 26 (0.3) 16 (0.6) 2 (0.2) 6 (0.9) 2 (0.8) 6 (1.1) 

Mode of delivery       

Vaginal 6,434 (79.2) 2,100 (80.5) 881 (80.7) 572 (82.3) 205 (77.9) 442 (78.9) 

Cesarean 1,409 (17.3) 455 (17.4) 183 (16.8) 109 (15.7) 56 (21.3) 107 (19.1) 

Missing or unknown 285 (3.5) 55 (2.1) 28 (2.6) 14 (2.0) 2 (0.8) 11 (2.0) 

Daycare in infancy1       

No  2,483 (50.5) 798 (50.9) 308 (47.7) 275 (58.6) 76 (46.3) 139 (48.3) 

Yes  2,404 (48.9) 761 (48.6) 335 (51.9) 192 (40.9) 87 (53.0) 147 (51.0) 

Missing 25 (0.5) 8 (0.5) 3 (0.5) 2 (0.4) 1 (0.6) 2 (0.7) 

Infections in infancy2       

None 1,273 (37.5) 264 (39.5) 83 (36.9) 105 (43.2) 23 (36.5) 53 (38.7) 

Any (including multiple) 2,105 (62.1) 399 (59.7) 142 (63.1) 136 (56.0) 39 (61.9) 82 (59.9) 

Missing 13 (0.4) 5 (0.7) 0 (0.0) 2 (0.8) 1 (1.6) 2 (1.5) 

Breastfeeding       

Never 2,862 (35.2) 927 (35.5) 395 (36.2) 248 (35.7) 96 (36.5) 188 (33.6) 

Ever 5,266 (64.8) 1,683 (64.5) 697 (63.8) 447 (64.3) 167 (63.5) 372 (66.4) 

≥6 months 1,679 (22.7) 548 (23.2) 230 (23.1) 145 (22.3) 65 (26.6) 108 (22.7) 

Maternal age (yrs)       
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Controls 
(N=8,128) 

CBT Cases 
(N=2,610) 

Astrocytoma 
(N=1,092) 

MB or PNET 
(N=695) 

Ependymoma 
(N=263) 

Other 
(N=560) 

<20 329 (4.0) 133 (5.1) 53 (4.9) 34 (4.9) 13 (4.9) 33 (5.9) 

20-24 1,550 (19.1) 591 (22.6) 268 (24.5) 140 (20.1) 57 (21.7) 126 (22.5) 

25-29 2,907 (35.8) 960 (36.8) 399 (36.5) 255 (36.7) 100 (38.0) 206 (36.8) 

30-34 2,265 (27.9) 639 (24.5) 256 (23.4) 176 (25.3) 68 (25.9) 139 (24.8) 

35-39 868 (10.7) 230 (8.8) 96 (8.8) 64 (9.2) 20 (7.6) 50 (8.9) 

≥40 184 (2.3) 35 (1.3) 17 (1.6) 9 (1.3) 4 (1.5) 5 (0.9) 

Missing or unknown 25 (0.3) 22 (0.8) 3 (0.3) 17 (2.4) 1 (0.4) 1 (0.2) 

Maternal education       

Secondary or less 4,783 (58.8) 1,508 (57.8) 580 (53.1) 407 (58.6) 154 (58.6) 367 (65.5) 

Tertiary/some tertiary 3,167 (39.0) 1,015 (38.9) 447 (40.9) 275 (39.6) 104 (39.5) 189 (33.8) 

Missing or unknown 178 (2.2) 87 (3.3) 65 (6.0) 13 (1.9) 5 (1.9) 4 (0.7) 

Maternal race/ethnicity       

Non-Hispanic White 4,609 (56.7) 1,728 (66.2) 732 (67.0) 428 (61.6) 171 (65.0) 397 (70.9) 

Non-Hispanic Black 106 (1.3) 54 (2.1) 20 (1.8) 14 (2.0) 9 (3.4) 11 (2.0) 

Hispanic 322 (4.0) 170 (6.5) 80 (7.3) 44 (6.3) 20 (7.6) 26 (4.6) 

Asian/Pacific Islander 162 (2.0) 74 (2.8) 27 (2.5) 20 (2.9) 6 (2.3) 21 (3.8) 

Other or unknown 2,929 (36.0) 584 (22.4) 233 (21.3) 189 (27.2) 57 (21.7) 105 (18.8) 

Abbreviations: CBT=childhood brain tumor; MB=medulloblastoma; PNET=primitive neuroectodermal tumor. 

1. Data available for children in the ESCALE/ESTELLE (France; N=3,181), NARECHEM-ST (Greece; N=398), NZCCS (New Zealand; N=322), 

Québec (Canada; N=531), Texas (N=129), and UKCCS (United Kingdom; N=1,885) studies. Percentages calculated based on the number of 

subjects with available data. In total, data on daycare attendance were available for 60.1% of controls and 59.7% of cases in the pooled study 

sample. 

2.  Data available for children in the ESCALE/ESTELLE (France; N=3,183), NARECHEM-ST (Greece; N=407), NZCCS (New Zealand; N=307) 

and Texas studies (N=144). In the ESCALE and ESTELLE studies, multiple infections were defined as ≥4 episodes of one type of infection, or 1-3 

episodes of ≥2 types of infection during the first year of life. In NARECHEM-ST, NZCCS, and Texas, multiple infections were defined as diagnosis 

of more than type of infection, or multiple episodes of the same type of infection, during the first year of life. Percentages were calculated based on 

the number of subjects with available data. In total, data on infections during infancy were available for 41.6% of controls and 25.4% of cases. 
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RESULTS 

Our analysis included 2,610 cases with CBT (1,092 with astrocytoma, 695 with 

medulloblastoma/PNET, 263 with ependymoma, and 560 with other subtypes) and 8,128 

controls (Table 1). We observed a male preponderance among cases and, as participating 

studies matched on sex, among controls. Whereas the proportions of cases and controls who 

attended daycare during infancy were similar, we observed differences with respect to age at 

interview, birthweight, mode of delivery, history of infections during infancy, and maternal age, 

education, and race/ethnicity by case-control status (all p<0.05). With respect to CBT subtypes, 

as anticipated, we observed variation in the distributions of sex and age at diagnosis. We also 

observed that a smaller proportion of cases with medulloblastoma/PNET than other subtypes 

attended daycare during infancy, and a larger proportion of ependymoma cases were delivered 

by cesarean section. 

When comparing across CBT subtypes, we found differences with respect to sex ratio, 

age at diagnosis, mode of delivery, daycare attendance during infancy, maternal age, and 

maternal education.  

Ever breastfeeding rates among mothers of controls ranged from 49.2% (ESCALE) to 

89.5% (Washington State) (Table S4). A majority of women in all studies except NZCCS 

discontinued breastfeeding within 6 months. In the pooled dataset, there was no difference in 

the proportions of cases and controls who were ever breastfed (64.5% vs. 64.8%) or breastfed 

≥6 months (23.2% vs. 22.7%). We found no association of CBT with ever breastfeeding (OR 

1.04, 95% CI 0.94-1.15), breastfeeding ≥6 months (OR 1.06, 95% CI 0.93-1.22), or 

breastfeeding duration in months (OR 1.00, 95% CI 0.99-1.01) in pooled multivariable logistic 

regression models (Table 2 and Figure 1). Similarly, breastfeeding was not associated with 

astrocytoma, medulloblastoma/PNET, or ependymoma in models stratified by subtype. We 

found increased ORs for ependymoma among children breastfed ≥6 months, though estimates 

were imprecise and all 95% CIs included unity. Meta-analysis produced similar findings (Table 2 

and Figures S1-S3). Heterogeneity was low (I2 < 25%) except in the analysis of breastfeeding 

duration and any CBT (I2 = 31%), and no studies were identified as influential. Results were 

unchanged in leave-one-out analyses.  

 

Figure 1 Adjusted odds ratio and 95% confidence interval of any childhood brain tumor 

(N=2,610 cases), astrocytoma (N=1,092 cases), medulloblastoma or primitive neuroectodermal 

tumor (N=695 cases), and ependymoma (N=263) among children according to any 

breastfeeding (squares), breastfeeding six months or longer (triangles), and each additional 
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month of breastfeeding (circles) relative to never breastfeeding. Estimates were calculated in 

the pooled data and are adjusted for study, sex, mode of delivery, birthweight, age at diagnosis, 

maternal education, maternal race/ethnicity, and maternal age at birth 
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Table 2 Breastfeeding and Odds of Brain Tumors in Children ≥1 Year of Age, Pooled Dataset. 
 
 Ever breastfed 

(vs. never)4 
Breastfed ≥6 mos 

(vs. never)5 
Breastfeeding  

(per mo increase)5 

Any brain tumor    
Crude pooled odds ratio1 1.01 (0.91-1.11) 1.00 (0.88-1.14) 1.00 (0.99-1.01) 
Adjusted pooled odds ratio2 1.04 (0.94-1.15) 1.06 (0.93-1.22) 1.00 (0.99-1.01) 
Summary odds ratio from meta-analysis3 1.02 (0.88-1.19) 1.04 (0.83-1.29) 1.00 (0.98-1.02) 

Astrocytoma    
Crude pooled odds ratio1 1.00 (0.87-1.15) 0.96 (0.80-1.16) 1.00 (0.98-1.01) 
Adjusted pooled odds ratio2 1.01 (0.87-1.17) 1.01 (0.83-1.22) 1.00 (0.99-1.01) 
Summary odds ratio from meta-analysis 3 1.01 (0.85-1.19) 0.98 (0.77-1.24) 0.99 (0.97-1.02) 

Medulloblastoma or PNET    
Crude pooled odds ratio1 1.09 (0.92-1.29) 1.06 (0.85-1.33) 1.00 (0.98-1.01) 
Adjusted pooled odds ratio2 1.11 (0.93-1.32) 1.11 (0.88-1.40) 1.00 (0.98-1.01) 
Summary odds ratio from meta-analysis 3 1.06 (0.81-1.40) 1.09 (0.78-1.51) 1.00 (0.97-1.02) 

Ependymoma    
Crude pooled odds ratio1 1.03 (0.79-1.34) 1.23 (0.88-1.71) 1.01 (0.98-1.03) 
Adjusted pooled odds ratio2 1.06 (0.81-1.40) 1.32 (0.92-1.86) 1.01 (0.98-1.04) 
Summary odds ratio from meta-analysis 3 1.08 (0.74-1.58) 1.45 (0.85-2.48) 1.02 (0.98-1.06) 

1. Adjusted for study. 

2. Adjusted for study, sex, mode of delivery, birthweight, age at diagnosis, maternal education, maternal race/ethnicity, and maternal age at birth. 

3. Summary odds ratio from random effects meta-analysis. Study-specific estimates are adjusted for factors in (2). 

4. Based on data from ESCALE and ESTELLE (France), GCCR (Germany), NARECHEM-ST (Greece), NZCCS (New Zealand), Québec 

(Canada), Texas, UKCCS (United Kingdom), and the Washington State registry linkage study. 

5. OR per one month increase in breastfeeding duration. Based on data from ESCALE and ESTELLE (France), GCCR (Germany), NARECHEM-

ST (Greece), NZCCS (New Zealand), Québec (Canada), Texas, and UKCCS (United Kingdom). 
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Adjustment for daycare attendance during infancy (Table S5) or daycare attendance and 

history of infections during infancy (Table S6) did not influence our findings. For astrocytoma 

and medulloblastoma/PNET, we observed point estimates <1 for females but >1 for males, with 

significant additive interaction in the case of ever breastfeeding and astrocytoma (ORfemale 0.88, 

95% CI 0.72-1.07; ORmale 1.15, 95% CI 0.94-1.41) (Table S7). There was a tendency towards 

decreased odds of CBT according to breastfeeding among younger children (OR 0.87, 95% CI 

0.75-1.02), whereas breastfeeding was associated with increased odds of CBT among older 

children (OR 1.16, 95% CI 1.02-1.32) (Table S8). We observed similar results for CBT 

subtypes. 

A four-class LCA model achieved the optimal BIC. The conditional probability of 

breastfeeding was high in Class Two (80%) and Class Three (77%) whereas it was lower in 

Class One (39%) and Class Four (50%); classes differed with respect to rates of cesarean 

delivery, high and low birthweight, and daycare attendance during infancy as well as the 

distributions of maternal age and maternal education (Table 3). Notably, point estimates for 

children in Class Three were <1 for all tumor types, whereas children in Class Two appeared to 

be at increased odds of ependymoma (OR 2.68, 95% CI 1.20-6.00) despite similar conditional 

breastfeeding probabilities (Table 4). The odds of ependymoma also appeared to be increased 

for children in Class Four (OR 3.46, 95% CI 1.53-7.76), which was characterized by relatively 

low rates of vaginal birth, daycare attendance, and maternal post-secondary education as well 

as relatively high rates of high or low birthweight. 
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Table 3 Conditional Response Probabilities for Observed Variables in Latent Class 

Analysis. 

 Class 1 
(N=2,156) 

Class 2 
(N=3,311) 

Class 3 
(N=318) 

Class 4 
(N=694) 

Breastfed 0.39 0.80 0.77 0.50 
Mode of delivery     

Vaginal 0.91 0.36 0.85 0.44 
Cesarean 0.09 0.00 0.11 0.56 
Unknown 0.00 0.64 0.03 0.00 

Birthweight (grams)     
<2,500 0.05 0.05 0.02 0.18 
2,500-3,999 0.87 0.79 0.87 0.75 
≥4,000 0.09 0.11 0.11 0.07 
Unknown 0.00 0.04 0.00 0.01 

Attended daycare 0.50 0.24 0.63 0.25 
Maternal age (years)     

<20 0.06 0.10 0.00 0.02 
20-24 0.27 0.30 0.05 0.10 
25-29 0.37 0.34 0.39 0.28 
30-34 0.21 0.17 0.42 0.29 
35-39 0.08 0.05 0.12 0.22 
≥40 0.02 0.00 0.02 0.06 
Unknown 0.00 0.04 0.00 0.02 

Maternal education     
Secondary or less 0.95 0.64 0.22 0.62 
Post-secondary 0.05 0.35 0.78 0.37 
Unknown 0.00 0.01 0.00 0.01 

Includes N=4,912 controls and N=1,567 cases (646 cases with astrocytoma, 469 cases with 

medulloblastoma/primitive neuroectodermal tumor [PNET], and 164 cases with ependymoma) from 

ESCALE (France), ESTELLE (France), NARECHEM-ST (Greece), NZCCS (New Zealand), Texas (USA), 

UKCCS (United Kingdom), and the Quebec Registry Study (Canada).  

 

Table 4 Odds ratio (OR) and 95% confidence interval (CI) of CBT and CBT subtypes 

according to latent class. 

 CBT Astrocytoma 
Medulloblastoma 

& PNET 
Ependymoma 

Class 1 1.00 1.00 1.00 1.00 
Class 2 0.93 (0.68-1.27) 0.65 (0.42-1.01) 1.08 (0.63-1.84) 2.68 (1.20-6.00) 
Class 3 0.69 (0.33-1.49) 0.51 (0.20-1.42) 0.59 (0.16-2.38) 0.66 (0.02-7.72) 
Class 4 1.09 (0.78-1.51) 1.07 (0.66-1.72) 0.91 (0.51-1.61) 3.46 (1.53-7.76) 

Includes N=4,912 controls and N=1,567 cases (646 cases with astrocytoma, 469 cases with 

medulloblastoma/primitive neuroectodermal tumor [PNET], and 164 cases with ependymoma) from 

ESCALE (France), ESTELLE (France), NARECHEM-ST (Greece), NZCCS (New Zealand), Texas (USA), 

UKCCS (United Kingdom), and the Quebec Registry Study (Canada).  

Estimates are adjusted for study, sex, and age at diagnosis (cases) or interview (controls). 
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DISCUSSION 

Brain tumors are the most common solid tumor diagnosis in children older than one year 

and the leading cause of mortality due to cancer in children. Breastfeeding may reduce the risk 

of childhood leukemia and has been investigated in relation to CBT, though results are 

equivocal [27, 36]. We pooled data on >2,600 cases with CBT in the Childhood Cancer & 

Leukemia International Consortium in order to evaluate whether breastfeeding was associated 

with all CBT collectively, as well as astrocytoma, medulloblastoma and PNET, or ependymoma. 

Breastfeeding rates were similar among cases with CBT and controls, and we found little 

evidence that breastfeeding was associated with CBT or any evaluated subtype. 

It has been hypothesized that infections and early life immune exposures may be 

involved in the etiology of CBT, though this remains unproven. Maternal infection during 

pregnancy has been associated with increased risk of CBT in offspring [37] and a population-

based case-control study incorporating data from four European countries reported three- and 

four-fold increases in the odds of glioma and embryonal tumors, respectively, among children 

with ≥4 sick days relative to 0-1 sick days per month [38]. Conversely, some evidence has 

emerged that social contact, daycare attendance, and birth order may be associated with 

reduced risk of CBT [37, 39]. Whereas infections per se may increase risk of CBT, daycare 

attendance, large family size, and crowding may strengthen the immune system, enhancing 

immune surveillance and subsequently reducing cancer risk [37].  

Breastfeeding is another immunomodulatory exposure that may modify the risk of 

childhood cancer [27, 36, 40]. Immunologically active agents in breast milk including secreted 

maternal antibodies and human milk oligosaccharides promote normal development of the 

immune system, reducing the risk of infections and potentially enhancing detection and 

elimination of cancerous cells. Despite the biologic plausibility of an association between 

breastfeeding and CBT, the literature is equivocal. Shaw et al. reported that the OR of CBT 

among breastfed children was 0.8 (95% CI 0.6-1.2) [37] and Greenop et al. reported that it was 

0.81 (95% CI 0.47-1.38). Similar associations were seen for breastfeeding ≥6 months: Greenop 

reported an OR of 0.77 (95% CI 0.44-1.35) and Hardell et al. reported an OR of 0.7 (95% CI 

0.4-1.3). A pilot study performed at two treatment centers in the United Kingdom reported a 

substantial decrease in the risk of CBT among breastfed children (OR 0.4, 95% CI 0.2-1.2), 

contrary to findings from the UKCCS (OR 1.01, 95% CI 0.85-1.21) [25]. No association between 

breastfeeding ≥6 months and CBT was reported in population-based case-control studies from 

France (OR 1.0, 95% CI 0.8-1.4) [26] or Germany (OR 0.91, 95% CI 0.66-1.25) [41]. Finally, in 
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the ESCALE Study, the OR of CBT among exclusively breastfed children was 1.2 (95% CI 0.9-

1.6). We found little evidence of an association between breastfeeding and CBT. While the 

classical view of the CNS as an immune-privileged site has been revised [42, 43], it is 

conceivable that breast milk constituents may interact differently with CNS and peripheral 

immune cells, which could explain the finding that breastfeeding is associated with leukemia 

[27, 36, 44, 45] but not CBT despite similarities in the proposed mechanisms of association. 

Breastfed and never breastfed children may have unique early life exposures. For 

instance, breastfeeding initiation varies by maternal race/ethnicity, age, and education, and 

breastfed children experience fewer infections in early life [40]. Whereas daycare attendance 

may be associated with a reduced risk of CBT, it may also lead to breastfeeding cessation or 

supplementation with formula milk or complementary foods. To address these points, we 

adjusted multivariable models for maternal demographic characteristics, and performed 

sensitivity analyses additionally including terms for daycare attendance and history of infections 

during infancy. Further adjustment for these factors did not alter our findings substantively.  

Because sex differences in immunity and inflammation have been described and may 

contribute to sex ratio disparities in childhood cancer [30], we performed separate analyses 

among males and females. Although no breastfeeding-CBT associations were statistically 

significant in sex-stratified models, we observed some indications of effect modification by sex, 

with ORs for astrocytoma and medulloblastoma/PNET below the null among females but above 

the null among males. The implications of these findings are unclear; they may indicate sexual 

dimorphism in the relationship between breastfeeding and CBT, or may be driven by sample 

size. 

It is possible that breastfeeding and other early life exposures would be associated with 

tumors diagnosed in younger but not older children, given their latency. In addition, infant 

feeding practices may be more accurately recalled by mothers of younger children. For these 

reasons, we performed analyses stratified by age at diagnosis or interview. Most commonly, 

breastfeeding was associated with ORs <1 for tumors diagnosed <5 years of age but >1 for 

tumors diagnosed ≥5 years of age. A Brain Tumor Epidemiology Consortium review highlighted 

the importance of timing of infectious exposures, noting that early childhood infections tended to 

be associated with reduced risk of CBT, whereas infections in later childhood were associated 

with increased risk [4]. It is also possible that sociodemographic characteristics associated with 

breastfeeding (lower birth order [46], older maternal age [47], greater maternal education and 

employment outside the home [48, 49], and maternal White or Asian/Pacific Islander 

race/ethnicity [50]) are themselves associated with CBT among older children [4]. In the present 
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study, we observed no strong associations between maternal demographic characteristics and 

CBT or CBT subtypes. 

Using LCA, we identified two groups with similar breastfeeding rates but different 

distributions of maternal age and education, mode of delivery, birthweight, and daycare 

attendance during infancy. We found some evidence that the odds of medulloblastoma/PNET 

and ependymoma differed between these groups, suggesting that breastfeeding in and of itself 

is not associated with reduced odds of these tumors. Rather, risk may be modulated by 

additional sociodemographic and perinatal factors associated with breastfeeding. 

Our study has several strengths. Notably, it is the largest pooled analysis and individual 

participant data meta-analysis of breastfeeding and CBT to date. Most published studies 

considered all CBT; our large sample size allowed us to evaluate major histologic subtypes 

individually. Studies collected detailed exposure data, thus we were able to adjust for several 

potential confounders and other early life infectious exposures. Several of the included case-

control studies were population-based, ensuring nearly complete ascertainment of cases. 

Certain limitations are also noted. Except in the study from Washington State, breastfeeding 

practices were assessed using maternal report, and may be subject to recall and reporting bias. 

Although our study included data from ten studies performed in seven countries, detailed 

information on maternal race and ethnicity were lacking for some participants, and those for 

whom it was known were predominantly non-Hispanic White or European, and our results may 

not be generalizable to other populations. Lastly, because bias-adjusted methods for three-step 

latent class analysis are not widely implemented in R, we used a naïve three-step approach; it 

has been shown that this method may be biased towards the null owing to errors in the 

predicted class memberships [51]. 

Conclusions 

Our findings from a large international pooled analysis do not suggest that breastfeeding 

is associated with reduced risk of childhood brain tumors. As the proportion of CBT diagnoses 

attributable to de novo or inherited genetic variations is estimated to be low, there is likely a role 

for environmental factors in their etiology, and future studies should evaluate other early life 

exposures.  
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