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Abbreviations: 

ADJ= Adjusted 

AGA= Appropriate for gestational age 

ALL= Acute lymphoblastic leukemia 

AML= Acute myeloid leukemia 

CNS= Central nervous system  

FCR= Finnish Cancer Registry 

LGA= Large for gestational age 

MBR= Medical Birth Registry 

OR= Odds ratio 

SGA= Small for gestational age 

THL= Finnish Institute for Health and Welfare 

Novelty and impact 
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In this study we show an association with preterm, especially early preterm, birth, and childhood 

cancer, especially germ cell tumors and retinoblastoma. Neonatal therapies given and/or perinatal 

hypoxia also seem to be associated with an increased risk of childhood cancer.  

 

 

 

Abstract 

Our aim was to study the impact of preterm birth and neonatal therapies on the risk of childhood 

cancer using a nationwide, registry-based, case-control design.  

Combining population-based data from Finnish Medical Birth Registry (MBR) and Finnish Cancer 

Registry (FCR), we identified a total of 2,029 patients diagnosed with cancer under the age of 20 

years and 10,103 age- and sex-matched controls over the years 1996-2014. Information on the pre- 

and perinatal conditions was obtained from the MBR. Gestational age was categorized into early 

(<32) and late preterm (32-36) and term (≥37 weeks). Cancer risk among the preterm compared to 

term neonates was evaluated using conditional logistic regression.  

We identified 141 cancers among the preterm (20.8% of 678) vs. 1888 cancers in the term children 

(16.5% of 11,454). The risk of any cancer was increased for the preterm (OR 1.28, 95% CI 1.06- 1.57), 

especially for the early preterm (OR 1.84, 95% CI 1.16-2.92).  
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The risk of AML (OR 2.33, 95% CI 1.25-4.37), retinoblastoma (OR 3.21, 95% CI 1.22-8.41) and germ 

cell tumors (OR 5.89, 95% CI 2.29-15.18) was increased among the preterm compared to term. Germ 

cell tumors were diagnosed at a significantly younger age among the preterm. Neonatal therapies, 

e.g. mechanical ventilation, were associated with an increased risk of childhood cancer independent 

of gestational age. 

Preterm, especially early preterm birth is associated with an increased risk of childhood cancer, 

especially germ cell tumors and AML. Respiratory distress requiring neonatal intervention also 

appears to be associated with an increased risk. 

 

Introduction 

Both the morbidity and mortality among preterm infants  have decreased due to  advances  in  

therapies such as  ventilatory support, antenatal steroids and surfactant.1,2 Although many of the  

long-term effects of preterm birth and the respective treatments have been explored,  the risk of 

malignancy remains poorly delineated. Oxidative stress inflicted early on in life has been shown to 

cause bronchopulmonary dysplasia and retinopathy3–7 and be potentially carcinogenic.8 Preterm 

infants are also exposed to diagnostic x-rays during the first weeks of life,9,10 a well-established risk 

factor for cancer.11,12 Furthermore, there is also evidence that  preterm children have more 

complications, such as neurological adverse outcomes, later in life.13–15  
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Aside from ionizing radiation and a high birth weight,16 the etiology of childhood cancer remains 

enigmatic. Hereditary cancer predisposition syndromes are estimated to account only for up to 5-

10% of all childhood cancers 17–19 with an accelerated pace of malignant development.20,21  

The risk of developing  childhood cancer after having been born preterm has been studied 

previously.22–28 Certain subtypes of childhood cancer, i.e. hepatoblastoma27–30 and AML,31,32 have 

been found to be associated with preterm birth. The possible association between other childhood 

cancers and preterm birth, however, remains inconclusive.28 Yet, most studies have been limited by 

sample size and unable to differentiate impacts rendered by early or late preterm birth. Neither has 

the possible impact of perinatal interventions and conventional therapies been fully explored in a 

registry-based setting.23 

Using a case-control design in a population-based, nationwide registry setting, we aimed to study 

the relationship between a preterm birth, neonatal therapies, and the risk of childhood cancer.  

  

Materials and methods  

The use of a unique personal identity code, given to each Finnish citizen since 1967, allows for the 

compilation of data from a host of health registries.  

 

The Finnish Cancer Registry (FCR) commenced the systematic, nationwide registration of cancer in 

1953 and includes comprehensive data on the patients, cancer, possible date and cause of death 
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(all causes) of all cancer cases diagnosed in individuals living in Finland at the time of diagnosis. The 

FCR has a 95% coverage for all cancers,33 and the respective completeness of data for childhood 

cancer is 92% for solid tumors and 97% for leukemia.34 

 

The Finnish Medical Birth Registry (MBR), maintained by the Finnish Institute for Health and Welfare 

(THL), includes information on all babies born in Finland from 1987 onwards. It also includes 

information on the pregnancies, pre- and perinatal conditions, neonatal therapies (mechanical 

ventilation, resuscitation right after birth, phototherapy, antibiotics and antenatal steroids) and 

diagnoses set by the age of seven days. Data are reported to THL directly from all delivery units or 

by the midwife or physician assisting in the delivery. The data provided by hospitals are checked and 

any missing or seemingly incorrect entries are confirmed by contacting the respective unit. The MBR 

has been validated earlier and the quality of the data considered, depending on the variable, good 

or satisfactory (over 95% agreement with  information from  the medical records)35,36 with those for 

under 1% of all births missing.35,37 Data is further supplemented by the Population Register Center 

on live births and Statistics Finland on stillbirths and deaths during the first year of life.38  

The relevant research permits were obtained from the THL and Helsinki University Hospital. No 

ethical board approval was required for this registry-based study. 

Study population 

We identified all cases, defined as individuals diagnosed with their first malignancy under the age 

of 20 years between the years 1996 and 2014 (n=2,037) from the FCR. The MBR was used to identify 
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all births during the aforementioned years (n=1 108 754) including five sex- and birth year-matched 

controls for each case (1:5) (n=10,185). Data on the perinatal conditions, neonatal therapies and 

diagnoses up to seven days of age or at hospital discharge were obtained from the MBR for both 

the cases and controls. For detailed information on the data linkage, see Figure 1. The cases and 

controls are described in Table 1.  

Exposure definition and classification 

In this study, the exposure, i.e. preterm birth, was defined as one occurring before 37 gestational 

weeks (WHO definition).39 We  further defined an early preterm birth as one occurring before 32 

and a late preterm birth as one occurring between 32+0 and 36+6 gestational weeks according to 

the most common definition.40 The gestational age was thus categorized into three groups: early 

(<32 weeks) and late preterm (32-36 weeks) and term (≥37 weeks). The reference group, or the 

unexposed, were pregnancies resulting in a term birth (≥37 gestational weeks). The gestational age 

was defined by the best clinical estimate, primarily by ultrasound or the last menstrual period 

recorded in the MBR. The duration of pregnancy ranged from 24 to 43 gestational weeks.  

Outcome definition and classification 

The outcome, a primary diagnosis of cancer under the age of 20 years, was defined as a malignant 

neoplasm, but also included benign or borderline tumors of the central nervous system (CNS). The 

FCR uses both the ICD-O-3 and ICCC3 to classify childhood cancers.41 In this study, malignancies 

were classified using the ICCC3-codes 011 for ALL, 011-015 for all leukemias, 021-025 for 
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lymphomas, 031-036 for CNS tumors and 041-122 for the other cancers further categorized using 

the codes 041-042 for neuroblastomas, 050 for retinoblastoma, 061-063 for renal tumors, 071-073 

for hepatic tumors, 081-085 for bone tumors, 091-095 for soft tissue sarcomas, 101-105 for germ 

cell tumors and 111 and above for other, non-specified solid tumors. 

Statistical analysis 

Analyses were performed with the Stata MP14 (StataCorp LLC) using conditional logistic regression 

modelling to estimate the risk of childhood cancer. We compared the preterm births to those at 

term and estimated the odds ratios (ORs) for childhood cancer using crude and adjusted models. 

For the latter we adjusted for the maternal age (<25, 25-29, ≥30 years), parity (1st, ≥2nd), and 

smoking status during pregnancy (yes/no). The cases and controls with missing data on smoking 

were omitted from the adjusted analyses (2.9% and 2.5%, respectively). Since both a low and high 

birth weight have been considered risk factors for childhood cancer, but with the birth weight in the 

preterm and term groups being differently distributed, it was not included in the adjusted model. 

Instead, one sensitivity analysis adjusting for the birth weight for gestational age, and a second one 

for birth weight only, were conducted (Appendix 1). SGA was defined as having a birth weight below 

the 10th percentile, AGA as a birth weight between the 10th and 90th percentile, and LGA as a birth 

weight above the 90th percentile compared with infants of the same sex and of the same gestational 

age at birth using national birth weight statistics.42 We also analyzed the risk by cancer subtype and 

used the Mann-Whitney t-test to study the calendar age at cancer diagnosis. 
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Furthermore, as secondary exposures of interest, we included key perinatal conditions and 

therapies, namely,  asphyxia during delivery (low umbilical vein pH during delivery, pathological 

cardiotocography, ICD-10-code O68 indicating compromised fetal acid-base balance during 

delivery) or after birth (low umbilical artery pH, ICD-10 code P20 until 2012, P21 thereafter, 

indicating neonatal asphyxia), a low Apgar-score (less than 7 at 1 or 5 minutes), and mechanical 

ventilation, resuscitation, phototherapy, antibiotic therapy given to child until 7 days of age and 

administration of antenatal steroids, in  our analyses. Information on the Apgar score at 5 minutes 

was missing for the majority (67%) of cases and controls and was more likely to be missing if the 1 

min Apgar score was high (68% missing if ≥7 vs 57% missing if <7), and thus this variable was omitted 

from the subgroup analysis. 

Results  

A total of 141 cancers were identified among the preterm (20.8% of 678) vs. 1888 in the control 

group born at term (16.5% of 11,454).  

We found the crude OR for childhood cancer for the preterm compared to term to be significantly 

increased up to 1.33 (95% CI 1.10-1.61). The risk remained elevated even after adjusting for 

maternal age, parity and smoking status (adjusted OR 1.28, 95% CI 1.06-1.57) (Table 2).   

The risk of childhood cancer was even higher for the preterm children born before 32 gestational 

weeks. The crude OR for an early preterm birth was 1.79 (95% CI 1.15-2.77) compared to term 

children and remained elevated even after adjustment (1.84, 95% CI 1.16-2.92). For the late preterm 
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children, a seemingly elevated risk was observed, but, after adjustment, it no longer remained 

significant (Table 2). 

 

In a sensitivity analysis also adjusting for the birth weight for gestational age (SGA, AGA or LGA), the 

OR remained increased in each group for the preterm compared to term (adjusted OR 1.29, 95% CI 

1.06-1.57) and adjusting with birth weight the risk estimates were slightly increased (adjusted OR 

1.48, 95% CI 1.18-1.85) (Appendix 1). For the late preterm the adjusted OR was 1.20 (95%CI 0.97-

1.50) and for the early preterm 1.85 (95% CI 1.16-2.93), respectively. 

 

The risk of lymphoma, CNS tumor or any leukemia was not increased in our study. However, the risk 

of AML was significantly elevated among the preterm (adjusted OR 2.33, 95% CI 1.25-4.37) as shown 

in Table 3 and particularly among the early preterm (adjusted OR 4.47, 95% CI 1.10-18.12) (Appendix 

2). Also, the risk of a non-CNS, solid tumor was significantly increased among the preterm compared 

to term (adjusted OR 1.59, 95% CI 1.16-2.19) (Table 3), again peaking among the early preterm 

(adjusted OR 4.01, 95% CI 1.97-8.16) (Appendix 2).  

 

To explore solid tumors in more detail, we performed subgroup analyses for the other cancers. For 

the preterm, we found the overall risk of retinoblastoma to be increased compared to the term 

children (adjusted OR 3.21, 95% CI 1.22-8.41). Especially the risk of germ cell tumors was increased 

after having been born preterm (adjusted OR 5.89, 95% CI 2.29-15.18). It also appeared increased 

for hepatoblastoma (Table 3).  
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Among the cancer subtypes with an elevated risk, we set out to explore the calendar age at cancer 

diagnosis using the Mann-Whitney t-test. In our study population there were no patients with 

retinopathy of prematurity and retinoblastoma. The median calendar age at retinoblastoma 

diagnosis was 1.13 years for the preterm and 1.04 years for term children (p=0.002). As the 

distribution of calendar ages at diagnosis is unequal, we also reanalyzed the differences with the 

correct t-test and report the medians instead of means (Table 4).  

 

For the preterm, 92% (11/12) of the germ cell tumors were classified as malignant extracranial and 

extragonadal, with one being intracranial. For the term, the majority (58%) were classified as 

malignant gonadal germ cell tumors, followed by 23% extracranial and -gonadal. 11/12 of these in 

the preterm group were diagnosed before 1 year of age, supporting the hypothesis of a varying 

pathogenesis of these tumors among the term and preterm children, respectively. 

Respiratory distress requiring mechanical ventilation in the neonatal period appeared to be 

associated with an increased risk of childhood cancer among all the neonates (adjusted OR 2.69, 

95% CI 1.89-3.84) as did resuscitation at birth (adjusted OR 1.84, 95% CI 1.21-2.80) compared to 

those not requiring the above. Severe respiratory distress, or associated conditions, were also 

significantly associated with an increased risk among the term children (adjusted OR 2.99, 95% CI 

1.70-5.28). The administration of antenatal steroids to the mother was also associated with an 

increased risk of childhood cancer (adjusted OR 2.53, 95% CI 1.64-3.88) while phototherapy was 

not. Antibiotic therapy given to the neonate in 7 days after birth was associated with higher 
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childhood cancer risk (adjusted OR 1.40, 95% CI 1.13-1.74). This association was not seen in the 

analyses of preterm children (Table 5). The subgroup analysis for neonatal therapies on early and 

late preterm children was only possible for late preterm, trending towards the increased cancer risk 

after respiratory distress and mechanical ventilation also in this group (Appendix 3). 

 

As further surrogate markers for perinatal hypoxia, we analyzed the possible association of a low 

1min Apgar score (<7) compared to one above 7 at 1 min with the risk of childhood cancer for those 

with data available. The adjusted OR for a low Apgar score at 1 min was 1.32 (95% CI 1.07-1.61) for 

all the newborn compared to those with a high score (Table 6). 

 

Discussion 

Our aim was to study whether preterm birth impacts the risk of childhood cancer defined as a 

malignant disease diagnosed prior to the age of 20 years. We also aimed at exploring if early preterm 

children are at an increased risk of childhood cancer. Furthermore, we wanted to investigate the 

potential impact of key perinatal factors and neonatal interventions. 

 

We found the overall risk of childhood cancer to be increased among the preterm compared to term 

with a more pronounced risk of the early preterm children. When looking at  the cancer subtypes, 

we found the risk of non-CNS solid tumors to be increased, in line with previous studies.23–

25,27,28,30,43,44 A few have found the risk of CNS tumors to be increased,22,45,46 a finding our results did 
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not  corroborate. We also found the risk of AML to be increased, again confirming results previously 

published.31,32 

 

Yet, and unlike previous studies, we found a strong association between preterm birth and later 

diagnosis of a germ cell tumor or retinoblastoma. For hepatic tumors we were hampered by the low 

numbers with only three cases in our preterm population, but the OR was suggestive of an elevated 

risk. The risk of other childhood cancer subtypes was not significantly increased.  

 

There are only a few cases published describing the development of retinoblastoma after 

retinopathy of prematurity.47,48 The increased risk of retinoblastoma in our study suggests that a 

preterm birth per se, and/or an early exposure to high supplementary oxygen may contribute, not 

only to the development of retinopathy, but also that of retinoblastoma. Our results are in 

concordance with those of Spector et al., who also  found the risk of retinoblastoma increased in a 

larger dataset with a very low birth weight and/or preterm birth.27 The putative impact of germline 

mutations 49–51 could not be assessed in our cohort in the absence of the relevant data.  

 

It has been postulated that early disturbances in the fetal sex hormone balance might be linked to 

an increased risk of  germ cell tumors later in life.52 Preterm infants, especially boys, have been 

shown to have altered levels of sex hormones compared to the term,53 possibly predisposing them 

to tumors. Previous studies have reported varying results on preterm birth and its possible 

association with germ cell tumors.54,55 Our results support those from a large Swedish registry 
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study,54 linking preterm birth to germ cell tumors. The germ cell tumor subtypes differ among 

preterm children as opposed to term, with the majority being diagnosed before 1 year of age, raising  

the possibility that the  malignant process may play a role in the premature birth itself by sharing 

the same epigenetic pathway.56  Though, in a registry-based setting it is impossible to study this 

type of causality and it needs to be addressed in further studies. 

 

We found neonatal clinical problems requiring mechanical ventilation and/or resuscitation to be 

associated with an increased risk of childhood cancer among all the neonates, independent of 

gestational age. Yet, these need to be considered only as surrogate markers of hypoxia, and 

supplementary oxygen only as potentially carcinogenic.8  Our finding on the impact of a low Apgar 

score also supports this hypothesis with the main reason for the low scores being short- or long-

term, perinatal hypoxia.57 Mechanical ventilation can also be seen as a proxy for iatrogenic 

radiation, e.g. x-rays, a known carcinogenic risk factor,11,12 as intubated neonates are subjected to 

diagnostic radiation. 

 

We also found an association between the risk of childhood cancer and neonatal antibiotic therapy 

with the respective results having been controversial in previous studies.58–61 To our knowledge ours 

is the first study looking specifically at early neonatal exposure to antibiotics  in an unbiased registry-

based setting with the previous studies looking at maternal antibiotic use or infections as such. The 

role of neonatal septic infection vs. treatment or prevention of suspected infections in the 

background of childhood cancer remains to be delineated. 
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There is one previous study exploring neonatal therapies (surfactant, nitric oxide, postnatal steroids 

and indomethacin) given to preterm neonates and their association with childhood cancer.23 Our 

study also adds to the existing literature by exploring cancer risk after conventional neonatal 

therapies given to all sick neonates, and with a  longer follow-up and almost double the amount of 

cases has more power to explore the association.  

 

Furthermore, we found antenatal steroid treatment to be associated with an increased risk of 

childhood cancer. The mechanism behind this may be the same as that of prematurity itself with 

most of these mothers having delivered preterm babies. The background of these associations, 

however, remains currently unknown and the lifesaving nature of the perinatal therapies needs to 

be assessed when interpreting these results. Our results highlight the need to avoiding hypoxia 

during pregnancy and the management of  deliveries according to the highest  obstetric standards, 

and may be applied in the setting of  mainly  designing  follow-up of these neonates.14,57 

 

In addition to prematurity itself, our novel finding of an earlier age at the diagnosis of a germ cell 

tumor among preterm children does not exonerate the altered sex hormone levels53 or treatments 

of a potential role in the pathogenesis of childhood cancer. The earlier age at the diagnosis of AML 

further supports our hypothesis that preterm birth itself is associated with childhood cancer and 

the development of cancer differs from children born at term. 
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Both a low and high birth weight have been considered risk factors for childhood cancer. Yet, birth 

weight in our term and preterm groups were differently distributed and grossly overlapping and 

thus birth weight was not included in the first adjusted model. Instead, we employed weight for 

gestational age as an improved estimate of size at birth. To avoid possible over-adjustment, we also 

ran a second sensitivity analysis including only birth weight, but with the birth weight and preterm 

birth being correlated these estimates need to be interpreted with caution. 

 

The definitive strength of our study is the comprehensive, registry-based, nationwide dataset with 

a long follow-up, avoiding selection and recall bias with virtually no loss to follow-up. We also had 

access to details on the pre- and perinatal care as well as therapies administered allowing us to 

define exposures more accurately than previously reported. To our knowledge, this is the first study 

to demonstrate an association between neonatal hypoxia and/or use of supplementary oxygen and 

childhood cancer.   

 

Our study also has some definite limitations. Due to a small sample size, our estimates on the risk 

of solid tumors need to be confirmed using larger datasets or, e.g., combining data from the other 

Nordic countries. Lack of data on the exact doses of diagnostic radiation and those on the antenatal 

steroids prevented the evaluation of a dose-response.  Furthermore, we didn´t have information on 

the possible birth defects, known to be associated with both childhood cancer and preterm birth, 

and thus the  effect of this potential confounder could not be accounted for.62 Nor did we have  

relevant genetic information on germline mutations , and thus could not assess the possible 

This article is protected by copyright. All rights reserved.



  

contribution of hereditary predisposition syndromes in, e.g., retinoblastoma.63,64 Due to the obvious 

correlation between preterm birth and measures of neonatal intensive care, there is a risk of 

confounding by indication rendering it challenging to analyze causality of preterm birth and 

therapies in this registry-based setting.  

 

Conclusion 

The risk of childhood cancer is increased among children born prematurely, especially following an 

early preterm birth. The risk of AML and solid tumors, especially germ cell tumors and 

retinoblastoma, appears increased, but the underlying biology remains to be delineated. Our data 

may also implicate neonatal intensive care, including the use of supplementary oxygen, at any 

gestational age, in contributing to the increased risk for childhood cancer. We suggest the apparent 

risk to be included in planning the follow-up of these children. 
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Figure legend: 

Fig. 1 Flow chart of data formation 1996-2014. 8 cases and 82 controls were excluded due to missing 

data on birth weight or gestational age.  
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Fig.1 Flow chart of data formation 1996-2014. 8 cases and 82 controls were excluded due to 
missing data on birth weight or gestational age.  
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Preterm birth, neonatal therapies and the risk of childhood cancer - Tables 

 
 

  

Cases 
n= 2,029 

Proportion 
(%)  

Controls 
n= 10,103 

Proportion 
(%) 

Maternal characteristics         

Age <25 (years) 355 17.5 1,872 18.5 

Age 25-29 (years) 639 31.5 3,246 32.1 

Age ≥30 (years) 1,035 51.0 4,985 49.3 

First child 847 41.7 4,098 40.6 

Smoking         

Yes 291 14.3 1,447 14.3 

No 1,680 82.3 8,404 83.2 

Unknown 58 2.9 252 2.5 

Offspring characteristics         

Female 937 46.2 4,672 46.2 

Male 1,092 53.8 5,431 53.8 

Small for gestational age (SGA) 55 2.7 217 2.1 

Appropriate for gest. age (AGA) 1,881 92.7 9,587 94.9 

Large for gestational age (LGA) 93 4.6 299 3.0 

Twins 67 3.3 319 3.2 

Born by caesarian section 354 17.4 1,627 16.1 

 
Table 1. Descriptive statistics of study population 1996-2014. 

 

 

 

Gestational weeks N cases (%) N controls (%) Crude OR1 95% CI Adj. OR2 95 % CI 

Term birth (≥37 weeks) 1,888 (93.1) 9,566 (94.7) Ref. Ref. Ref. Ref. 

Preterm birth (<37 weeks) 141 (6.9) 537 (5.3) 1.33 1.10-1.61 1.28 1.06-1.57 

   Late 113 (5.6) 458 (4.5) 1.26 1.02-1.56 1.21 0.97-1.50 

   Early 28 (1.4) 79 (0.8) 1.79 1.15-2.77 1.84 1.16-2.92 
1 Matched analysis  
2 Matched analysis adjusted for maternal age (categorized), parity and smoking status 

Table 2. The risk of childhood cancer for those born preterm vs. term, measured with odds ratio (OR).  
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Cancer subtypes 
 

Preterm birth <37 weeks 

 
N preterm 
=1401 

N term 
=1,888  

     Crude OR2 95% CI Adjusted OR3 95% CI 

All leukemias 42 627 1.22 0.86-1.73 1.28 0.90-1.82 

ALL 25 486 0.94 0.61-1.45 1.00 0.64-1.56 

AML 17 141 2.21 1.21-4.02 2.33 1.25-4.37 

Lymphomas 7 140 0.94 0.41-2.15 0.64 0.25-1.68 

CNS tumors 32 451 1.09 0.73-1.61 1.04 0.69-1.60 

Other cancers 59 667 1.71 1.26-2.32 1.59 1.16-2.19 

Neuroblastoma 9 144 1.16 0.55-2.42 0.95 0.44-2.07 

Retinoblastoma 8 44 3.26 1.26-8.39 3.21 1.22-8.41 

Renal tumors 9 110 1.48 0.69-3.20 1.35 0.60-3.10 

Hepatic tumors 3 19 2.66 0.62-11.31 2.91 0.60-13.89 

Bone tumors 2 34 1.42 0.28-7.14 1.38 0.26-7.32 

Soft tissue 
sarcomas 10 132 1.21 0.59-2.50 1.09 0.51-2.33 

Germ cell tumors 12 52 4.32 1.91-9.79 5.89 2.29-15.18 

Other non-
specified solid 

tumors 6 157 1.00 0.41-2.41 0.93 0.38-2.26 
1 1 case omitted for missing specific information on the cancer subtype 
2 Matched analysis  
3 Matched analysis adjusted for maternal age (categorized), parity and smoking status  
 

 Table 3. Risk of childhood cancer subtypes for those born preterm vs term, measured with odds 
ratio (OR).  
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Preterm 
N cases = 141 Median age 

Term 
N cases = 1,888 Median age p- value 

All leukemias 42 3.25 627 3.67 0.41 

AML 25 2.75 486 3.25 0.004 

ALL 10 4.33 141 3.71 0.51 

Lymphoma 7 1.5 140 8.09 0.66 

CNS 32 4.92 451 5.42 0.53 

Other 59 1.75 667 3.33 0.23 

Neuroblastoma 9 1.7 144 1.33 0.89 

Retinoblastoma 8 1.13 44 1.04 0.002 

Renal tumors 9 3.17 110 3.0 0.31 

Hepatic tumors 3 5.17 19 2.08 0.08 

Bone tumors 2 6.42 34 11.4 0.51 

Soft tissue sarcomas 10 5.93 132 5.58 0.57 

Germ cell tumors 12 0.0 52 2.41 0.62 

Non-specified tumors 6 7.34 157 10.92 0.17 

 Table 4. Median calendar age at diagnosis for the preterm and term by cancer type,  
difference in the distributions analyzed with the Mann-Whitney t-test. 
 
 

 

All newborn 
N cases (%) 
= 2,029 

N controls (%) 
= 10,103 Crude OR1 95% CI Adj. OR2 95% CI 

Mechanical ventilation 51 (2.5) 103 (1.0) 2.51 1.79-3.52 2.69 1.89-3.84 

Phototherapy 139 (6.8) 623 (6.2) 1.12 0.93-1.36 1.11 0.91-1.35 

Resuscitation 31 (1.5) 87 (0.9) 1.79 1.19-2.71 1.84 1.21-2.80 

Antenatal steroids 33 (1.6) 73 (0.7) 2.34 1.53-3.57 2.53 1.64-3.88 

Antibiotic therapy 124(6.1) 446(4.4) 1.42 1.15-1.75 1.40 1.13-1.74 

Preterm children N= 141 N= 537         

Mechanical ventilation 30 (21.3) 62 (11.5) 2.13 0.64-7.11 3.25 0.67-15.84 

Phototherapy 51 (36.1) 238 (44.3) 0.78 0.29-2.10 0.91 0.29-2.83 

Resuscitation 24 (17.0) 41 (7.6) 1.36 0.44-5.11 2.48 0.52-11.73 

Antenatal steroids 24 (17.0) 48 (8.9) 3.00 0.31-28.8 1.78 0.16-20.3 

Antibiotic therapy 44(31.2) 138(25.6) 0.72 0.27-1.92 0.59 0.19-1.80 

Term children N=1,888 N= 9,566         

Mechanical ventilation 21 (1.1) 41 (0.4) 2.95 1.70-5.10 2.99 1.70-5.28 

Phototherapy 88 (4.5) 385 (4.0) 1.17 0.92-1.49 1.17 0.91-1.49 

Resuscitation 7 (0.4) 46 (0.5) 0.80 0.36-1.80 0.77 0.34-1.73 

Antenatal steroids 9 (0.5) 25 (0.3) 1.94 0.89-4.22 1.93 0.89-4.20 

Antibiotic therapy 80(4.2) 308(3.2) 1.35 1.04-1.74 1.31 1.01-1.70 
1 Matched analysis 2 Matched analysis adjusted for maternal age (categorized), parity and smoking status 

Table 5. The risk of childhood cancer for all the newborn with neonatal interventions vs. those 
without, measured with odds ratio (OR).  
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Hypoxia-associated  
conditions N cases (%) 

N controls 
(%) Crude OR1 95% CI Adj. OR2 95% CI 

All newborn N=2,029 N=10,103         

Apgar < 7 (1 min) 134 (6.6) 512 (5.1) 1.33 1.09-1.62 1.32 1.07-1.61 

Asphyxia 69 (3.4) 285 (2.8) 1.22 0.93-1.61 1.22 0.93-1.61 

Preterm children  N=141 N=537         

Apgar < 7 (1 min) 35 (24.8) 101 (18.8) 1.15 0.33-4.00 1.14 0.27-4.91 

Asphyxia 12 (8.5) 35 (6.5) 2.56 0.23-29.12 3.12 0.22-43.30 

Term children N=1,888 N=9,566         

Apgar < 7 (1 min) 99 (5.2) 411 (4.3) 1.24 0.99-1.56 1.25 0.99-1.58 

Asphyxia 57 (3.0) 250 (2.6) 1.19 0.89-1.61 1.17 0.87-1.59 

 
1 Matched analysis  
2 Matched analysis adjusted for maternal age (categorized), parity and smoking status 

Table 6. Pre- and perinatal conditions associated with hypoxia and the risk of childhood cancer, measured with odds 
ratio (OR).  
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