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Summary

Aim- To investigate the association between birth weight (BW) and childhood cancer, specifically leukemia, with specific attention to determinants of BW such as maternal obesity, weight gain in pregnancy, pregnancy complications, fetal growth and gestational age, in a consortium of  5 (JPS, TIHS, ALSPAC,  CPP and MoBa, DNBC) childhood cancer cohorts (the I4C).
Rationale- Over the last three decades many studies have demonstrated an association between acute lymphoblastic leukemia (ALL)  incidence and mortality and high BW, and some have shown relations with acute myeloid leukemia (AML) as well.. The relation has been studied considering BW as a categorical and continuous variable and both linear and threshold relations have been reported. Inconsistent associations have also been found between BW and all childhood tumors. Recent work has refined the relation between BW and ALL, identifying risks associated with rapid fetal growth (eg LGA-large for gestational age) and not merely BW per se.

Maternal BMI is an important determinant of BW. Tthe ongoing obesity epidemic thus mandates the need to explore the important association between maternal BMI or excess weight gain during pregnancy and fetal macrosomia, and its subsequent effect on childhood cancer incidence. This issue has not been previously investigated. The I4C provides an opportunity, using rich prospectively collected data, to examine: a) the relation between BW and a variety of childhood cancers; b) this relationship at various age groups in children; and  c) the association between  childhood cancer and determinants of BW such as maternal anthropometric factors. Furthermore, the temporal and geographical diversity of cohorts participating in the I4C will allow the analysis secular trends as well geographic/ethnic variations in the BW- cancer association. Most of the data available for examining these association has been obtained from case-control studies or record linkage in national data collections.  Cohort data have been available only from the JPS.  I4C provides the opportunity to examine relevant associations using prospective data with greater power than is available for the JPS alone. This, combined with the opportunity to assess the contribution of important covariates measured prospectively, affords an opportunity to obtain a greater understanding of the BW-childhood cancer association.
Methods- Participating I4C cohorts will provide data on sociodemographic and anthropometric characteristics of mothers (and fathers where available), as well as other factors related to BW such as pregnancy complications (eg gestational diabetes), birth order; birth characteristics (BW, length, gender, birth order, single or multiple pregnancy, type of delivery etc (see variable list)). These data fields will be synchronized at MCRI into comparable variables. Childhood cancer will be coded by ICD-0 and analyzed by cancer type (infant leukemia: age 0-1; early childhood: age 1-4; later childhood: age 5-9; early adolescent: age 10-14). We will use Cox regression to analyze cancer risk by BW categories, controlling for important covariates. We will study the association in strata of maternal BMI categories and maternal weight gain categories. We will look for heterogeneity among cohorts using a meta-analytic approach. Depending on number of cases we will examine cancer subtypes separately.

Feasibility- The basic data on BW, gender, birth order and cancer incidence are available in all cohorts.
 [JPS total cancer=125, ALL=40; TIHS total cancer=31, ALL=3; ALSPAC total cancer=24 ,ALL=3;  CPP total cancer=48, ALL=12 , MoBa  total cancers =n/a, expected number of ALL=~44 and DNBC total cancer ~200 expected number of ALL=41]    Total cancer cases=428, total ALL =143.
Maternal BMI and weight gain in pregnancy are available in all 6 cohorts. Data synchronization and data analysis facilities are located at the I4C International Data Coordination Centre at MCRI, Melbourne Australia.
Timeline- 1 year for data synchronization and a second year for analysis and write-up is feasible During this period it is possible that some addition newer cohorts will be able to provide data on infant leukemia.
Significance- High BW is a long-recognized risk factor for leukemia in particular and childhood cancer in general. The current obesity epidemic includes expectant mothers and thus portends an increase in the rate of LGA and high BW babies. The effect that this might have on leukemia incidence is unknown. Thus far cohort studies have provided few data relating to the BW- childhood cancer association. The I4C provides a unique opportunity to explore this association in detail, taking into account both maternal pre-pregnancy characteristics and factors related to the pregnancy and birth. This study also complements an I4C proposal to study the epigenetics of childhood cancer as it relates to BW, taking advantage of cohorts with rich data sets in which biological samples are not available.
Background: Acute leukemia is the most common childhood cancer, with incidence rates varying from 23 to 67 per million (Stiller, 2004) worldwide. Although the etiology of acute leukemia in childhood is uncertain, a large body of knowledge has been accumulated to support the notion that prenatal, in-utero events are associated with these malignancies. The association between childhood leukemia and BW, especially high BW (but occasionally also low BW), has been demonstrated in a large number of geographical settings, using mainly a case-control approach. A smaller number of studies have, in addition, investigated the association between all childhood cancers or specific solid tumors and BW. 

Two meta-analyses have been published regarding the BW-leukemia association, the most recent by Caughey and Michels (ref) in 2008. The latter included 32 studies, of which only one, from Israel, was a cohort study (Paltiel 2004), Record linkage  studies from Denmark,, Singapore, and Ireland also provided prospective data on birth weight. Hjalgrim and colleagues in a 2003 meta-analysis included only the Danish prospective data in their meta-analysis
Summary of the meta-analyses:

In the 2008 meta-analysis a positive association was reported for all leukemias and high birth weight ,  with an odds ratio (OR)of 1.35 (95%CI :1.24-1.48); for ALL 1.23 (95%CI:1.15-1.32); and for AML 1.4 (95%CI:1.11-1.76) when BW was considered in categories. A significant increase per 1000g increase in BW was noted for all leukemias and ALL, while a U shaped curve was suggested for AML. The results among the four included prospective studies were not consistent, however reference categories and variables included in the multivariate models varied among the studies.
Since the publication of Caughey and Michels' meta-analysis, various supporting observations have been published, and the analyses have been refined, especially as regards to BW corrected for gestational age. A Brazilian case-control study (Rangel 2010) showed  a five-fold risk of cancer (OR 4.9 95%CI:1.58-15.7) for infants with birth weight >4000 gm after adjusting for gestational age, gender and birth length with highly significant increased odds for WiIm's tumor, non-Hodgkin lymphoma and leukemia (OR 4.3 , 95%CI:2-9.12), as well. Sprehe and colleagues (2010), using birth certificates from over 2000 Texan children with cancer compared to age-matched controls,  showed that BW corrected for gestational age was a better predictor of risk of ALL compared with birth weight alone with an OR of 1.5-1.67 for large-for-gestational-age (LGA) children born at <4000 or >4000 gm respectively. A follow-up study (Samuelsen Epidemiology 2009) in the Norwegian Cancer Registry including 1,842,113 live-born infants born between 1967 and 1998 demonstrated an increase in leukemia risk of 29% per 1000g increase in birth weight, while the increase for all cancers was 23% after adjustment for gestational age. Furthermore children in the BW category of 4500+ gm were found to have a 53% increase in cancer risk compared to those born between 3000 and 3499 gm, after adjustment for sex and gestational age. Adjustment for gestational age may attenuate the relation between high birth weight and childhood cancer in full term infants but may accentuate this relationship in preterm births. A case-cohort study from Minnesota (Johnson BMC Pediatrics 2008) demonstrated almost two-fold increases in both ALL and AML above the 75Th percentile of BW. When adjusted for gestational age and other variables the association with birth weight above the 75th quartile was 1.4 (1.02-1.92) while for  the 95th percentile the  OR was 1.71(95%CI:1.11-2.65) suggesting that even after considering size for gestational age, birth weight per se remains a significant risk factor for childhood leukemia. This corroborates findings by Schuz  et al(2007) who found that both BW and BW-adjusted for gestational age predicted ALL and that the agreement between the two measures (kappa = 0.45) was only fair among ALL patients. In an attempt to further assess the influence of fetal growth, an Australian case control study (Milne AM J Epid 2009) showed an increased risk of childhood ALL for every 1-standard deviation increase in "proportion of optimal birth weight" (OR 1.18, 95%CI :1.04-1.34) derived from a regression equation including gestation age, maternal height, parity and infant sex. The authors state that this relation argues for an important joint role of IGF-1 in both fetal growth and ALL.
There is evidence that postnatal growth is also linked to ALL risk. Data from Western Australia showed that both female and male cases of ALL aged <15 years were on average slightly taller than similar aged children in the general population (Davis 2011).
Although the molecular basis of the association between high birth weight and childhood leukemia has not been elucidated,  putative mechanisms have included simplistic explanations such as a higher risk of somatic mutations related to higher stem cell number in large babies, epigenetic effects related to hormonal exposures (eg IGF-1) or modulation of  DNA methyl transferase-1 activity accompanied by methylation of tumour suppressor genes (burge n2008) in utero, or joint genetic effects related to both fetal size and leukemic transformation or cell proliferation. For instance Dorak and colleagues (2009) found that polymorphisms in genes related to iron uptake (HFE) were related to higher birth weight in males on the one hand, and ALL risk in females on the other.  
Many researchers have examined the prevalence of chromosomal translocations or rearrangements present at birth and the subsequent risk of childhood leukemia, but few of these studies have related their findings to birth weight.  Gruhn and colleagues (Leukemia 2008) analyzed Guthrie card of 49 pediatric patients (aged 15 months to 14 years) with precursor B ALL. Of these 31 had preleukemic cells  with rearranged IgH genes at birth, and among these individuals birth weight was significantly lower than among the patients with negative genetic screens at birth. Preleukemic clones were found in almost all patients who developed hyperdiploid ALL, implying that there are several mechanisms for leukemogenesis and suggesting that the mechanism by which high birth weight operates as a risk for for ALL does not involve hyperdiploidy. In fact, infant leukemia has most strongly associated with BW. A Brazilian study (Koifman BJC 2008) including 201 cases of ALL and AML showed an association between high birth weight and both ALL and AML, however the association with birth weight was strongest (OR 2.68 (95%CI: 0.99-7.15) for MLL-positive leukemias. This echoes the finding by Spector  et al (CEBP 2007) regarding an association between MLL+  infant leukemia and high birth weight, although in the latter study the association was found only in females.
In order to move forward from the established observation that high BW increases the risk of leukemia, a comprehensive study of childhood leukemia and BW must examine the factors related to birth weight variation in newborns. Variables which have been found to be associated with birth weight include parity (Amini ,1994), infant's gender (Amini 1994), maternal smoking (Amini 1994; Dubois 2006 and many others), socioeconomic status (Dubois 2006;Astone 2007), ethnicity (Amini 1994) and altitude (Giussani 2001). It has long been recognized that gestational diabetes mellitus is a risk factor for macrosomia (amini and many others), with attendant risks of neonatal and obstetric complications. Recently, however, metabolic factors such as fasting blood glucose levels (Voldner;Clausen;Bresci), maternal insulin, triglyceride (kitajima) and non-HDL cholesterol levels(Clausen) have also been associated with increased birth weight. Most importantly, maternal prepregnancy obesity (Ng 2010;Clausen, Kitajima;Bresci; Bhattacharya) and excess weight gain in pregnancy (Ludwig;Sekhavatr; others) have increasingly been recognized as determinants of large-for-gestational age infants and increased BW. The current epidemic of obesity is thus projected to result in a large increase in high-birth weight babies. While this trend is foreseen to predict a concomitant increase in metabolic and cardiovascular morbidity in the offspring generation, the potential consequences regarding childhood cancer have rarely been considered. The I4C provides a unique and timely opportunity to explore the association between BW and childhood cancer, evaluating maternal obesity and weight gain as modifiers or mediators. 
Aim- To investigate the association between birth weight (BW) and childhood cancer, specifically leukemia, with specific attention to determinants of BW such as maternal obesity, weight gain in pregnancy, pregnancy complications, fetal growth and gestational age in a consortium of 6 childhood cancer cohorts (the I4C data base).

Specific objectives.
1. To examine the association between BW as a continuous variable and BW in categories (LBW <2500 g, 2500-3999 gm, HBW  4000+ gm) and the hazard of AMLALL, all leukemia, other cancers occurring in children aged 0-15 from the six I4C cohorts that will contribute data to the pooled dataset as well as examining the pattern (i.e. linear, U-shape, or threshold effect) of the BW-leukemia association: 
2.  To  examine the association between BW and childhood leukemia  (CL) in specific age groups determined by age of diagnosis : infant leukemia (up to age 1 year); early childhood (1-4 yrs); later childhood (5-9 yrs); early adolescence (10-14yrs) . In addition, we will examine the association between BW and CL stratified according to maternal adiposity levels (measured by  maternal pre-pregnancy BMI,  and weight gain during pregnancy). 
3. To determine whether the BW-leukemia association is consistent over time periods, and across ethnic/geographic groups using data from the various cohorts with inception times in different epochs. (eg JPS in the 60s-70s, TIHS late 80s-mid 90s, ALSPAC early 90s, CPP early-mid60s, DNBC mid90s –2006 and MoBa 2000-2008.  
Methods:
We will use person-time incidence to assess the association between birth weight and CL. We will construct Cox proportional hazards models looking at BW in categories and as a continuous variable. A pooled analysis will be performed by pooling data from 5 existing cohorts in the I4C allowing for the contribution of additional data from ongoing or new cohorts in time. 
The above analyses will be adjusted for covariates known to be associated with childhood leukemia or BW where available, see below. We will look for heterogeneity among cohorts by using meta-analytic techniques.
If we find that there is a substantial amount of missing data we may also perform a case-cohort approach randomly selecting 10 controls with complete data for every case of childhood cancer as well as using person-time analyses.
Factors to include in the analysis –These factors, gleaned from the literature, have found to be associated with BW or childhood  leukemia. Some are not available in all or most cohorts. However, where available they will be added to the data base in the hopes that new cohorts are collecting them and could enrich the initial analysis. - a kind of  wish  list- 
    a. Gestational age

    b. Gender of child, birth order, congenital anomalies, multiple pregnancy, pre-pregnancy interval, 

    c. Parental  demographics:  Maternal education, paternal education, other SES variables(family income), maternal age, paternal age, immigration status, race/ethnicity, marital status, altitude of residence

   d. Exposures: breast feeding, maternal smoking, paternal smoking, maternal occupation, paternal occupation, maternal diet , pesticides  proximity to agricultural areas, power lines, geographic parameters, Radon. xrays during pregnancy

   e. Maternal anthropometric factors: pre-pregnancy weight, pre-pregnancy BMI, maternal height, weight gain during pregnancy, 

    f. Pregnancy complications, gestational diabetes, pregestational diabetes, hypertension, pre-eclampsia, abruption, other maternal conditions, Caesarian section, assisted reproduction, previous fetal loss, 

    g. Post-natal factors:

        - infection, day care, crowding
       - growth trajectories 1st year

                                        1st five years

· vaccinations

    h. Maternal biochemical parameters during pregnancywhere available:
         Fasting plasma glucose

         IGF levels

Insulin levels; HOMA-IR (insulin resistance) at birth, at diagnosis

         Triglyceride levels, HDL, non-HDK cholesterol
          Cytokines

      -  SNP assays eg TCF1L2 (rs 7903146 polymorphism)

i. Placental weight/volume

Sample size-. The following table demonstrates potential sample sizes in the participating cohorts. We hope to add additional cohorts especially the newer ones who have the potential to add infant leukemias within a short time.
Analyses:  Case-cohort approach (ratio of one case to 10 controls) and a person-time analysis (will require data from all individuals)

	Cohort 
	Total number live births
	Total number of cancer cases
	Number of ALL
	% (n/N)

With BW >4000g

	ALSPAC
	14 062
	24*
	3*
	13%

(1787/14082)

	TIHS
	10 628
	31*
	3*
	10%
 (1080/10628)

	JPS (Jerusalem Perinatal Study)
	92 408
	125*
	40*
	6%

(5839/91917)

	CPP

(Collaborative Perinatal Project)
	58 000
	48*
	12*
	12%

(6413/55760)

	MoBa
	108 487
	?
	~44**
	?

	DNBC
	96840 
	200*
	41**
	?

	TOTAL
	380 425
	228
	102
	(8.6%)

15 119/175098


Table 1: Participating cohort sample size and (actual*/projected**) number of cancer and ALL cases.
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