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Abstract

Spina bifida has been reported to co-occur with pediatric cancer, but 

comprehensive evaluations remained elusive.  We investigated this co-

occurrence in two large, population-based studies in Taiwan (N=1900 

cancer cases, 2,077,137 controls) and Denmark (N=5508 cases, 137,700 

controls).  Analyses in Denmark were restricted to the period before 

prenatal diagnostics became available (2004) and pregnancy terminations

of fetuses with birth defects became more common. Using national 

patient and cancer registries, we linked spina bifida and cancer diagnoses 

among cases and non-cases. The risk of spina bifida among all cancer 

cases was increased and similar in Denmark [odds ratio (OR)=8.4, 95% 

confidence interval (CI) 5.1-13.8] and Taiwan (OR=8.5, 95% CI 4.0-17.8), 

particularly for central nervous system (CNS) tumors (Denmark: OR=16.3,

95% CI 8.1-33.0; Taiwan: OR=26.6, 95% CI 8.5, 83.1), including benign 

CNS tumors (Denmark: OR=41.5, 95% CI 21.2, 81.4).  These findings 

suggest the need for comprehensive investigation of shared risk factors in

the link between spina bifida and pediatric cancer.
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Introduction

Spina bifida is a birth defect resulting from failed closure of the neural 

folds in the first month of gestation, resulting in vertebrae that do not 

completely form. Global incidence varies by time period and region, with a

meta-analysis estimating global risk as 3.5-24.3 per 10,000 pregnancies.1 

It is detected at ultrasound or via alpha-fetoprotein testing in the second 

trimester. Spina bifida occulta (or closed spinal dysraphism) is the mildest 

form of the condition and can go unnoticed because the meninges and 

nerve tissue are covered by skin. Spina bifida aperta (or open spinal 

dysraphism) is more severe and can result in sensory, motor, or 

orthopedic impairments, and bowel and bladder dysfunction. 

Previous studies have suggested that pediatric cancer risk is higher 

among children with spina bifida. Early studies on this topic grouped all 

cancer types together, yet found intriguing suggestions of threefold 

increased risks.2,3 Later studies with greater statistical power were able to 

stratify by cancer type, and reported increased risks for acute 

lymphoblastic leukemia (ALL), hepatoblastoma, central nervous system 

(CNS) tumors, Wilms tumor, Ewing sarcoma, and non-rhabdomyosarcoma 

soft tissue sarcomas, although findings were not always consistent likely 

due to small sample sizes.4-10 In addition, spina bifida aperta was reported 

in family members of Wilms tumor cases.9 Because both cancer and spina 

bifida are rare events, however, there are few published studies. Variation

in results may occur between studies that relied on birth defect registries, 
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in comparison to studies ascertaining spina bifida by physical exam or 

imaging. Due to the small number of reports on this topic, additional 

comprehensive evaluation is needed. We investigated this question in two

large population-based studies in Denmark and Taiwan.

Materials and Methods

The Danish and Taiwanese studies were similar in design.  In Denmark, 

spina bifida diagnoses (Supplementary Table 1) were ascertained from the

National Patient Registry, while cancer diagnoses in childhood (<20 years)

were ascertained from the Danish Cancer Registry.11 In the main analyses,

we limited the study period from the establishment of the National Patient

Registry through the time period prior to when prenatal diagnostics 

became widely available (births 1977-2004). Currently in Denmark, 

uptake of prenatal diagnostics is at 97% of pregnancies, and 90% of spina

bifida pregnancies are terminated.12  Controls (N=137,700) were randomly

selected from the Central Population Register and supplemented with 

birth records and matched to cases by birth year and sex (25:1 matching 

rate), although we broke the matching in the present analysis to estimate 

risks more precisely for these rare conditions.  In order to thoroughly 

describe the co-occurrence of spina bifida and pediatric cancers among 

Danish children, Supplemental table 2 provides results for the entire study

period in Denmark (1968-2016). 
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In Taiwan, cases were ascertained from the Cancer Registry for children 

born and diagnosed 2004–2014, and spina bifida diagnoses were taken 

from the National Health Insurance register.13 Non-cases (N=2,077,137) 

were cancer-free children born in Taiwan 2004–2014.  Prenatal diagnostics

were available in Taiwan throughout the study period and uptake is >95%

for Down syndrome testing.14 Abortion is largely prohibited in Taiwan but 

remains legal for some fetal medical conditions including spina bifida. We 

do not have information on the rate of induced abortions due to neural 

tube defects.

We estimated risk for spina bifida among cancer cases using unconditional

logistic regression, providing crude results for cancer types with at least 3 

cases of spina bifida. Variables considered for adjustment were suggested

by the literature.15 We adjusted for maternal and paternal ages, maternal 

history of epilepsy, diabetes or gestational diabetes, asthma, viral or 

bacterial infections in pregnancy, parental country of birth (a proxy for 

ethnicity 16), maternal smoking in pregnancy, maternal history of stillbirth,

and maternal occupational exposures by use of Job Exposure Matrices 

(ultraviolet radiation, polycyclic aromatic hydrocarbons, gasoline and 

diesel exhausts 17), but none of these variables changed estimates by 

more than 2%.  Therefore, we ultimately adjusted only for maternal age 

and parity and the matching factors, birth year and sex. 

Because spina bifida occulta can go undetected, it is important to consider

the timing of the spina bifida diagnosis. In some instances, spina bifida 
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may be detected only as a result of tests or procedures associated with 

the tumor diagnosis, resulting in overascertainment of spina bifida in 

cases compared to controls.  For this reason, we conducted sensitivity 

analyses in which we examined risk for cancer among children where the 

spina bifida was detected prior to the cancer diagnosis or the equivalent 

date in controls.  We restricted this sensitivity analysis to the Danish study

because of the larger sample size.  

We additionally conducted sensitivity analyses to determine whether the 

association persisted after exclusion of genetic syndromes associated with

spina bifida (using syndromes previously identified 18,19).  However, there 

were no cancer cases with spina bifida who had ICD codes in their medical

records of these syndromes.

Human subjects approvals were obtained from the Danish Data Protection

Board, the Taipei City Hospital Research Ethics Committee, and the 

University of California Los Angeles.

Results

Table 1 presents the descriptive summary for and associations between 

spina bifida and cancer types. Spina bifida was positively associated with 

all cancers in Denmark and Taiwan, including similar risk size estimates. 

The associations were strongest for central nervous system (CNS) tumors 

with diverse tumor types seen, including both malignant and benign CNS 
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tumors. Although CNS tumors accounted for only 25% of all pediatric 

cancers in Denmark diagnosed during the study period, 13 of 21 (62%) of 

the cancer cases with spina bifida had CNS tumors, mostly benign tumors.

Similarly, in Taiwan, CNS tumors accounted for 14% of all pediatric 

cancers; yet, 3 of 7 (43%) of the cancer cases with spina bifida had CNS 

tumors (the Taiwanese Cancer Registry does not include benign CNS 

tumors). Spina bifida additionally was seen with several other cancer 

types (ALL, neuroblastoma, germ cell tumors, rhabdomyosarcoma, and 

some rare cancers).

In sensitivity analyses restricted to children where the spina bifida 

diagnosis occurred prior to cancer diagnosis, we still observed higher risk 

for all cancers (OR=4.54, 95%CI 2.46, 8.39) and for CNS tumors 

(OR=8.38, 95%CI 3.32, 21.15).

Discussion

Our study confirmed previously reported associations between childhood 

cancer and spina bifida.2-10  In particular, we found associations between 

spina bifida and CNS tumors, as in other work.5 However, our study is the 

first to report on associations with benign CNS tumors. Possible shared 

risk factors for both spina bifida and pediatric CNS tumors include 

inadequate folate intake in pregnancy, maternal obesity (which was not 

documented in Denmark until 2004 and not collected in Taiwanese 

national databases), certain pharmacologic treatments, and 
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polymorphisms in 5,10-methyl-enetetrahydrofolate reductase (MTHFR) 

and dihydrofolate reductase (DHFR) alleles.15,20,21 Our findings suggest 

further investigation into these shared links. 

 

We also observed positive associations between germ cell tumors and 

spina bifida. In another study, authors could not find such compelling 

associations, due to having only one exposed case.6 However, in a study 

of testicular cancer patients which examined all patients via radiograph, 

spina bifida was more than twofold more prevalent among cases than 

controls.22  In the current study, both the germ cell and benign CNS cases 

included teratomas. This finding is in line with existing literature, which 

suggested associations between dysraphic processes and teratoma.23 

Many CNS teratomas occur in midline structures, possibly derived from 

cell rests at sites of early neural tube closure. Of the 15 CNS tumors with 

co-occurring spina bifida in our Danish study, 12 (80%) had a tumor of the

spinal cord (ICD-O-1 192.2 and ICD-O-3 C72.0). It is hypothesized that 

teratomas and dysraphic effects may share a common process of 

dysembryogenesis, based on the pluripotential nature of the developing 

caudal spinal cord.23  

In addition to spina bifida, consistent associations between other head 

and spine anomalies and CNS tumors have been reported among 

children.5 Studies which elucidated specific anomalies identified 

craniosynostosis, holoprosencephaly, microcephaly, and hydrocephalus 

(which may be secondary to the tumor) as co-occurring defects.4,5  
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Several limitations should be considered when interpreting our results. 

Because spina bifida occulta can go unnoticed, the greater medical 

surveillance that occurs with a cancer diagnosis may result in an 

ascertainment bias. Indeed, we observed evidence of this bias, as our 

effect estimates were attenuated — yet still elevated — when we 

restricted analyses to children among whom spina bifida was diagnosed 

prior to cancer or the equivalent date in controls. With regards to benign 

tumors (which also may go undetected), it is somewhat likely that children

with spina bifida would have experienced a lifetime of greater medical 

surveillance, resulting in a greater likelihood of ascertainment of benign 

tumors. The universal and free medical care available to all residents in 

Denmark might have limited some errors in ascertainment, although we 

could not preclude such bias from impacting our results. 

Our study design did not allow for medical record review. Underreporting 

of genetic syndromes would have occurred in the time period prior to the 

more detailed ICD-10 coding of diagnoses. Nonetheless, our study has 

some notable strengths such as its population-based design and its use of 

comprehensive virtually complete national cancer registries and medical 

records.  

In our study of two populations of differing ethnicities, our study 

confirmed results seen elsewhere 2-10 and suggests further investigation 

into both shared genetic and environmental risk factors.
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Table 1. Prevalence of spina bifida among cancer cases and controls in Denmark and 
Taiwan, and the associations of spina bifida with cancers

Cancer

ICD-O-1 and 
ICD-O-3 codes
of cancer 
cases with 
spina bifida

Total
N

N with
spina
bifida
(%)

Crude OR
(95% CI)

Adjusted
OR (95%

CI)

Denmark, 1978–
2004 1

Controls ----- 13770
0

63
(0.05)

Referent

All cancers All 2 5508 21
(0.38)

8.4 (5.1,
13.7)

8.4 (5.1,
13.8)

Acute 
Lymphoblastic 
Leukemia

9821/3 1014 2 (0.20) -----

CNS tumors 
(benign and 
malignant)

8850/0, 9080/0,
9080/1, 9084/0,
9391/3, 9400/3,
9550/0, 9990/0

1355 13
(0.95)

16.4 (8.1,
33.0)

16.3 (8.1,
33.0)

      --Ependymoma 9391/3 101 1 (0.99) -----
      --Glioma 3 9400/3, 9391/3 689 3 (0.44) 9.6 (3.0,

30.7)
      --Benign 
tumors

8850/0, 9080/0,
9080/1, 9084/0,
9550/0, 9990/0

543 10 (1.8) 41.1 (21.0,
80.6)

41.5 (21.2,
81.4)

Taiwan, 2004-
2014 4

Controls ----- 20771
37

912
(0.04)

Referent Referent

All cancers All 1900 7 (0.37) 8.4
(4.0,17.7)

8.5
(4.0,17.8)

Central nervous 
system tumors

9400/3, 9421/3,
9470/3

260 3 (1.2) 26.6 (8.5,
83.1)

-----

Germ cell tumors 9071/3, 9080/3 183 3 (1.6) 38.0
(12.1,119.0)

-----

1. Analyses in Danish children are limited to the time period between the initiation 
of the National Patient Register (1977) through the availability of prenatal 
diagnostics (2004), after which abortions for spina bifida increased.  Non-CNS 
cancer types with only one case of spina bifida were excluded from the table: 
germ cell tumor, neuroblastoma, rhabdomyosarcoma, and 
dermatofibrosarcoma.  Models adjusted for the matching factors, birth year and 
age. Adjusted models additionally adjust for maternal age and parity.

2. ICD-O-1 or ICD-O-3 morphology was not available for 1 cases with spina bifida.
3. Glioma was identified by ICD-O codes as defined by the Central Brain Tumor 

Registry of the United States.24

4. The histologic type of the other cancer case in Taiwan could not be released due
to data use restrictions for conditions with N<3. Adjusted models included 
maternal age and parity. 
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Supplementary Table 1.  International Classification of Disease (ICD) codes used to 
identify spina bifida
ICD version Codes used
8 741, 741.0, 741.9
9 741, 741.0, 741.9, 

756.17
10 Q05x, Q760.0, O350B
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Supplementary Table 2.  Prevalence and risk for cancer among children with spina 
bifida in Denmark across the entire study period (1968-2016)

Cancer

ICD-O-1 and ICD-O-3
codes of the cancer 
cases with spina 
bifida

Total
N

N with
spina
bifida
(%)

Crude OR
(95% CI)

Adjusted
OR (95%

CI)

Denmark 1

Controls 2084
76

82 (0.04) Referent

All cancers All 2 8339 29 (0.35) 8.9 (5.8,
13.6)

8.9 (5.8,
13.6)

Acute 
Lymphoblastic
Leukemia

9821/3 1566 2 (0.13) ----- -----

CNS tumors 
(benign and 
malignant)

8850/0, 9080/0, 
9080/1, 9084/0, 
9391/3, 9400/3, 
9540/0, 9550/0, 
9990/0

1985 15 (0.76) 17.2 (8.9,
33.2)

17.3 (9.0,
33.5)

      --
Ependymoma

9391/3 162 1 (0.62) ----- -----

      --Glioma 3 9400/3, 9391/3 1032 3 (0.29) 5.0 (1.4,
17.3)

-----

     --Benign 
tumors

8850/0, 9080/0, 
9080/1, 9084/0, 
9540/0, 9550/0, 
9990/0

749 12 (1.60) 39.8 (21.6,
73.2)

40.6
(22.0,
74.8)

Neuroblastom
a

9500/3 366 2 (0.55) 50.3 (4.6,
556.9)

-----

Rhabdomyosar
coma

8900/3 185 1 (0.54) ----- -----

Germ cell 
tumors

9080/3, 9101/3 482 2 (0.41) ----- -----

Dermatofibros
arcoma

8832/3 29 1 (3.45) ----- -----

Schwannoma 9560/0 25 1 (4.00) ----- -----

1.  Crude models adjust for the matching factors, birth year and age. Adjusted 
models additionally adjust for maternal age and parity.

2. ICD-O-1 or ICD-O-3 morphology was not available for 5 cases with spina bifida.
3. Glioma was identified by ICD-O codes as defined by the Central Brain Tumor 

Registry of the United States.24
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