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Abstract: Neuroblastoma (NB), an embryonic tumor arising from the autonomic nervous system in 

children, stands as one of the most prevalent extracranial malignant neoplasms in this demographic. 

This article provides a comprehensive review of the risk factors associated with NB, encompassing 

maternal, fetal, and genetic susceptibility aspects. Empirical studies indicate that environmental 

pollutants, such as polycyclic aromatic hydrocarbons and benzene, may be implicated in NB incidence. 

Furthermore, maternal lifestyle during pregnancy, including smoking, alcohol consumption, and 

vitamin intake, has been posited to influence the offspring's susceptibility. Genetic research has 

identified mutations in the PHOX2B and ALK genes as pivotal in familial NB, while genome-wide 

association studies (GWAS) have implicated genes such as CASC15, BARD1, and LMO1 in NB 

susceptibility. Future research endeavors will delve into the intricate interplay between environmental 

and genetic factors, thereby offering novel avenues for early diagnosis, prevention, and treatment of 

NB. 
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1. Introduction 

Neuroblastoma (NB) is an embryonic tumor predominantly arising from the autonomic nervous 

system. It encompasses three primary subtypes based on histological characteristics: neuroblastoma, 

ganglioneuroblastoma, and ganglioneuroma. Among these, neuroblastoma constitutes approximately 97% 

of cases and is characterized by significant heterogeneity in its anatomical locations, histopathological 

features, and biological properties[1].NB is one of the most prevalent extracranial solid tumors in 

children[2] and the most common type of cancer in infants under 12 months [3]. It occurs almost 

exclusively in children, accounting for approximately 15% of all childhood cancer-related deaths. The 

incidence rate is 107 cases per million children diagnosed with NB[2] [4].The onset of NB is strongly 

associated with age, with a median age of diagnosis at 17.3 months, and 40% of cases diagnosed before 

the age of 1[1] [5].This article aims to explore the risk factors for NB, including maternal, fetal, and 

genetic factors, summarize recent research advancements, and provide a foundation for further 

investigation into its etiology.  

2. Maternal Factors 

2.1 Environmental Pollution 

Studies have demonstrated that environmental pollutants, such as benzene, may be linked to an 

increased risk of childhood cancer[6] [7]. Several studies further explore the potential association 

between exposure to environmental toxins during pregnancy and the risk of neuroblastoma (NB) in 

offspring. For instance, the study by Heck et al. [8] provides valuable insights into this issue. This 

research examined NB cases in California from 1990 to 2007, analyzing 75 NB patients and 14,602 

controls. Key findings from the study include the following: exposure to carbon tetrachloride was 

significantly associated with an increased risk of NB (OR = 2.65, 95% CI 1.07–6.53); 

indeno(1,2,3-cd)pyrene and dibenz(a,h)anthracene, two polycyclic aromatic hydrocarbons (PAHs), 

were significantly linked to NB risk; hexavalent chromium was associated with an increased NB risk 

within a 5-kilometer radius of air monitoring stations (OR = 1.32, 95% CI 1.00–1.74), though no such 
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association was found within a 2.5-kilometer radius. Despite the large sample size, which provides 

valuable evidence for public health policy, the study's ability to measure exposure to many pollutants 

remains limited, primarily due to the rarity of NB and the sparse distribution of monitoring stations. 

These limitations emphasize the need for future research, particularly with respect to broader and 

long-term exposure assessments, as well as the interaction between genetic susceptibility and 

environmental factors. 

Studies have also shown that diseases such as childhood brain tumors and leukemia are associated 

with exposure to air pollutants, including benzene and polycyclic aromatic hydrocarbons (PAHs)[9] 
[10].PAHs are major components of tobacco smoke, diesel exhaust, and grilled meats [11].After 

metabolism, PAHs form active metabolites that can bind to DNA, creating DNA adducts[12],which may 

lead to mutations in oncogenes, including mutations in the tumor suppressor gene p53. While PAHs 

themselves are not direct carcinogens, they are metabolized into reactive metabolites, such as 

benzo[a]pyrene diol epoxide (BPDE), which bind to DNA and cause mutations in key genes, including 

p53 and KRAS[13] [14].These mutations play a crucial role in cancer development. The p53 tumor 

suppressor gene regulates the cell cycle and DNA repair, and its mutation can lead to uncontrolled cell 

proliferation, thus promoting cancer cell development. These findings suggest that environmental 

pollutants during pregnancy may pose a potential risk for the development of NB in children. Future 

research should further investigate the relationship between environmental factors and cancer risk, 

particularly through larger-scale longitudinal studies that track individuals from the fetal stage to 

adulthood. Such studies should incorporate more precise assessments of pollutant exposure to clarify 

the underlying pathogenic mechanisms. 

2.2 Lifestyle 

Lifestyle during pregnancy significantly impacts offspring health, and studies suggest a potential 

link between maternal lifestyle and the risk of childhood cancers, including NB. A recent 

meta-analysis [15]investigated modifiable maternal lifestyle factors, such as smoking, alcohol 

consumption, and nutritional supplement intake, and their association with NB risk. This analysis 

synthesized data from 21 studies, comprising 5,163 cases, to examine the relationship between 

maternal lifestyle during pregnancy and NB in offspring. Smoking: The meta-analysis found no 

statistically significant association between maternal smoking during pregnancy and NB risk (OR = 

1.08, 95% CI = 0.96–1.22).Alcohol Consumption: Similarly, no significant association was observed 

between maternal alcohol consumption during pregnancy and NB risk (OR = 1.01, 95% CI = 0.82–

1.18).Nutritional Supplements: In contrast, vitamin intake during pregnancy was significantly 

associated with a reduced NB risk (OR = 0.57, 95% CI = 0.34–0.95).Although this study provides 

valuable insights, it is important to recognize certain limitations. Many of the included studies had 

small sample sizes, potentially affecting reliability, and lifestyle information was primarily 

self-reported, introducing a risk of bias. Future research should incorporate larger sample sizes and 

more objective methods for assessing maternal lifestyle. Smoking during pregnancy has been identified 

as a potential risk factor for obstetric complications, intrauterine lung development disorders, low birth 

weight, sudden infant death syndrome, and acute lower respiratory infections in infants [16]. The 

association between maternal smoking and childhood NB remains complex. A separate 

meta-analysis[17]reported a statistically significant association (OR = 1.28, 95% CI = 1.01–1.62, P = 

0.005),but limitations included insufficient consideration of the dose-response relationship and the lack 

of detailed data on smoking intensity and frequency. This underscores the need for further studies to 

clarify how specific smoking behaviors influence NB risk. The mechanisms by which maternal 

smoking may contribute to cancer development in children are not fully understood but may involve 

fetal exposure to harmful tobacco components, including polycyclic aromatic hydrocarbons (PAHs), 

reactive oxygen species, and nicotine, as well as the transfer of carcinogens across the blood-placental 

barrier[11] [18] [19]. While smoking is causally linked to various adult cancers, evidence on its role in 

childhood malignancies, including NB, remains inconsistent due to differences in study designs, sample 

selection, and data analysis methods. Maternal alcohol consumption during pregnancy has also been 

identified as a risk factor for intrauterine growth restriction, stillbirth, and structural abnormalities, such 

as kidney and heart malformations[20]. Potential mechanisms underlying these effects include oxidative 

stress, cellular metabolic disturbances, and epigenetic regulation. 

Cook et al.[21] investigated the association between maternal use of specific medications during 

pregnancy and breastfeeding and the risk of NB in offspring. Their findings suggested that maternal use 

of opioid-containing medications, such as codeine, may significantly increase the risk of NB, while 

other commonly studied medications, such as antibiotics and vitamins, showed no clear association. 
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The study's reliance on self-reported maternal medication records introduces potential selection and 

recall biases. Similarly, Olshan et al.[22]reported that tumors with MYCN gene amplification may be 

linked to maternal use of oral contraceptives. A recent study highlighted an association between 

maternal exposure to pesticides during pregnancy and an increased risk of NB[23], with insecticides 

being the most commonly used type of pesticide, consistent with prior research. While epidemiological 

studies suggest that vitamin intake during pregnancy may reduce NB risk, case-control studies in 

populations with folate deficiencies may be better suited to assess environmental influences. Mazul et 

al.[24]examined maternal and offspring genetic variations alongside folate and choline intake, finding no 

significant association between folate metabolism gene variations and NB risk. Thus, whether folate 

deficiency constitutes a risk factor for NB remains unclear and warrants further systematic research. 

Additionally, conditions such as pregnancy-induced hypertension, gestational diabetes, proteinuria, 

anemia, varicella infection, sexually transmitted diseases, and parental occupational exposure may also 

contribute to NB risk [25] [26]. 

3. Fetal Factors 

3.1 Birth Defects 

Children with birth defects are at an increased risk of developing cancer during childhood or later in 

life. An analysis of 10 million live births revealed that children with chromosomal abnormalities have 

an 11-fold higher risk of cancer compared to those without such abnormalities, while children with 

non-chromosomal birth defects have a 2.5-fold higher risk compared to the general 

population[27].Recent research has explored, for the first time, the genomes of children with birth 

defects, both with and without cancer, identifying differentially expressed protein-coding and 

non-coding RNAs between the two groups. These findings suggest that genetic factors may serve as the 

molecular basis for cancer in children with birth defects [28].Using whole genome sequencing (WGS) of 

blood DNA from 1,653 individuals without chromosomal abnormalities, the study identified genetic 

variants associated with malignant tumors occurring alongside birth defects, providing insights into the 

potential molecular mechanisms underlying cancer in these cases. Although prior research indicates 

that children with birth defects are more susceptible to cancer, the specific association between NB and 

birth defects remains unclear. Some studies suggest that severe congenital anomalies, particularly those 

involving the genitourinary system and heart malformations, may be associated with NB, with this 

relationship being more pronounced in infants under one year of age[29] [30] [31]. However, other studies 

have not corroborated these findings[32] [33]. Reports on the association between congenital heart disease 

and NB[34]also yield inconsistent conclusions. A potential limitation of these studies is that birth defects 

in cancer patients may be identified during diagnostic evaluations, meaning some defects are 

recognized post-diagnosis rather than pre-diagnosis, complicating efforts to establish a clear causal 

relationship. 

3.2 Birth Weight 

Research has revealed a substantial correlation between birth weight and the susceptibility to 

various forms of cancer in infants and children [35]. Specifically, a multinational meta-analysis 

encompassing 4,361,141 cases demonstrated that both elevated and diminished birth weights 

significantly augment the risk of NB in individuals. Although birth weight itself may not be a direct 

causal agent, it functions as a pivotal indicator of the intrauterine milieu, which can be modulated by a 

myriad of factors including maternal nutrition during gestation, maternal health, pregnancy-associated 

ailments, and other environmental influences. Consequently, it may be imprecise to presume that birth 

weight or fetal development per se is the causal determinant of disease risk. Furthermore, a prior 

investigation[21]uncovered a linkage between gestational age and an augmented risk of neuroblastoma. 

Nonetheless, these observations could be susceptible to various confounding variables. Although the 

biological underpinnings of these observational studies remain elusive, one plausible explanation posits 

that disparities in the levels and functions of endogenous growth factors among individuals might 

influence the incidence of malignant neoplasms in relation to birth weight. Insulin-like growth factors 

(IGFs) I and II, along with their receptors and binding proteins, are detected in the serum of expectant 

mothers and umbilical cord blood during gestation. IGF-1 orchestrates cell proliferation and survival 

signals via its receptor, IGF-1R, which is indispensable for tumor cell proliferation. Specifically, the 

activation of IGF-1R elicits downstream PI3K/Akt and Ras/MAPK signaling cascades, which are 

implicated in cell cycle progression and the suppression of apoptosis, respectively. Elevated 
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concentrations of IGF-1 may foster rapid cellular division and growth, thereby engendering a 

propitious milieu for cancerogenesis. 

4. Genetic Factors 

Although the preponderance of NB cases are sporadic, approximately 1-2% manifest autosomal 

dominant inheritance, typically in patients with multiple primary tumors or early onset. These 

hereditary instances underscore the significance of genetic determinants in the etiology of NB. Among 

these, inactivating mutations in the PHOX2B gene are closely linked to a minority of familial NB cases, 

as this gene is pivotal in the development of the autonomic nervous system. Conversely, 

gain-of-function mutations in the ALK gene are considered the predominant cause of familial NB, with 

approximately 80% of familial cases harboring ALK gene mutations. The ALK gene has emerged as a 

target for targeted therapy in NB, substantially inhibiting the proliferation of NB cells. In addition to 

ALK and PHOX2B mutations, rare mutations in genes such as TP53, SDHB, PTPN11, and APC 

occasionally occur in NB, potentially contributing to tumor development in certain individuals. 

Genome-wide association studies (GWAS) have identified various common and rare polymorphisms 

closely associated with NB in large-scale NB cohorts, implicating genes such as CASC15, BARD1, 

LMO1, and LIN28B in NB susceptibility. Notably, the LMO1 gene is significantly associated with 

high-risk NB. Studies reveal that heterogeneous variants in the LMO1 gene are negatively correlated 

with patient survival rates. However, a recent study found that genes like CASC15 and BARD1 did not 

exhibit significant associations, which may be attributed to population confounding factors and data 

ecological biases. Moreover, MYCN amplification is a crucial prognostic indicator in NB, widely 

recognized as a significant factor influencing disease progression and patient survival. This gene is an 

oncogene, and its amplification is often associated with high-risk, aggressive tumors and poor 

prognosis. Future research is anticipated to uncover additional susceptibility genes, providing clinicians 

with more comprehensive tools for patient assessment. This thorough genetic evaluation will aid in 

optimizing treatment plans, enhancing efficacy, and ultimately improving patient outcomes. 

5. Conclusion and Outlook  

NB a multifaceted pediatric malignancy, is intricately influenced by genetic, environmental, and 

maternal factors. Recent advancements in genomic research have elucidated gene variants, such as 

ALK and PHOX2B, which offer crucial insights into familial NB. Additionally, GWAS have identified 

novel susceptibility genes for this tumor. Moving forward, future research endeavors should 

concentrate on elucidating the impact of environmental pollutants on incidence, establishing causal 

relationships between maternal lifestyle, medication use, and disease onset, and uncovering additional 

pivotal genes implicated in tumor development and progression. These comprehensive efforts will 

significantly propel the application of precision medicine in NB, thereby enhancing diagnostic and 

therapeutic strategies.  
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