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Paper 1 
 
Introduction  

 
Today the treatment of childhood leukemia is one of the greatest success stories in the field of 
oncology1. With aggressive chemotherapy and supportive care, 75-85% of children with 
leukemia are cured2. Nevertheless, childhood leukemia remains the leading cause of cancer 
deaths among children3. Furthermore, there are continuing challenges in understanding the 
etiology behind childhood leukemia4. The goal of this paper is to review the epidemiology, 
etiology, and risk factors of childhood leukemia and to discuss the role of breastfeeding in the 
infectious etiology hypothesis in childhood leukemogenesis.  
 
Background  

 
The Epidemiology of Childhood Leukemia 
 
Cancer is the second most common cause of death among children between 1-14 years of age in 
the United States, with the most common cause of death being accidents3,5. The overall incidence 
rate for cancer under the age of 14 has increased by 0.5% each year since 1975 (not statistically 
significant); while the death rate for childhood cancer decreased from 4.9 per 100,000 in 1975 to 
2.2 in 20085-7.  In 2008, cancer accounted for 1,284 deaths among children in the US between the 
ages of one and fourteen years 6. Leukemia is responsible for approximately 30% of diagnoses of 
cancer among children under the age of 14, with other common childhood cancers being: cancers 
of the brain and nervous system (27%), soft tissue sarcomas (7%), neuroblastoma (7%), renal 
tumors (5%), and Hodgkin/non-Hodgkin lymphomas (4% each)6,8. Among childhood leukemias, 
acute lymphoblastic leukemia (ALL), occurs five times more frequently than acute myelogenous 
leukemia (AML) and accounts for 78% of childhood leukemia diagnoses5,9. Each year in the US, 
there are 2500 to 3500 new cases of childhood ALL diagnosed, with an incidence of 2.8 cases 
per 100,00010.  
 
The Biology of Childhood Leukemia 

 
Leukemias arise from the malignant transformation and proliferation of stem or progenitor cells 
involved in the process of hematopoiesis that eventually produces lymphoid cells (B- and T-
cells) and myeloid cells (granulocytic, monocytic, erythroid and megakaryocytic cells)11. This 
process occurs in the bone marrow, lymph nodes, and/or other lymphoid tissue with immune 
function. As a result, childhood leukemia is made of several subtypes that vary in phenotype and 
age incidence, with the broadest division being the lymphoid and myeloid split11. 
 
Acute Lymphoblastic Leukemia 
 
ALL is a cancer of lymphoid progenitor cells and is composed of immature B (pre-B) or T (pre-
T) cells12. About 85% of ALL is B-ALL; the less common T-ALL tends to present in adolescent 
males as thymic lymphomas. B-cell ALL peaks in incidence between the ages of 2-512. It occurs 
more frequently among boys than in girls6,9. Hispanics have the highest incidence among any 
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ethnic group; ALL presents in Hispanics 1.2 times as often as in whites, and twice as often as in 
blacks.4. 
 
ALL is associated with certain genetic and immunodeficiency syndromes such as Down 
syndrome, Neurofibromastosis type 1, Bloom syndrome, and ataxia telangiectasia9,13. Exposure 
to ionizing radiation also increases risk for ALL9,13. However, ionizing radiation and congenital 
genetic syndromes explain less than 10% of all cases 4.  
 
The classification of ALL is based on morphologic, immunologic, biochemical and cytogenetic 
features10. Morphologic classification of ALL is based on bone marrow aspirate evaluation using 
the French-American-British system. Eighty-five to 89% percent of children with ALL are 
classified as having FAB L1 (lymphoblasts that are small cells with scant cytoplasm, condensed 
nuclear chromatin, and indistinct nucleoli)10,14. Immunophenotypic characteristics are determined 
using a panel of monoclonal antibodies to cell surface “cluster of differentiation” (CD) markers 
that distinguish at which stage of pre-B cell development the leukemic cells have been arrested11 
14. Seventy to 80% of cases of childhood ALL are of B-precursor lineage (early pre-B ALL). B-
precursor leukemia is CD10+ and CD19+ 15.  Very immature B-ALLs are CD10 negative. More 
mature “late pre-B” ALL expresses CD10+, CD19+, CD20+, and cytoplasmic IgM heavy chain 
(µ chain) 15.  Additional immunostaining for terminal deoxynucleotidyl-transferase (TdT), a 
specialized DNA polymerase that is expressed only in pre-B and pre-T lymphoblasts, is positive 
in more than ninety-five percent of cases of ALL11. 
 
Cytogenetically ALL is classified through karyotyping, fluorescence in situ hybridization, and 
other molecular techniques used to identify numerical and structural chromosomal 
abnormalities15. Chromosomal abnormalities include high hyperdiploidy of 54 to 58 
chromosomes and hypodiploidy (fewer than 45 chromosomes). Structural abnormalities are 
translocations between chromosomes or rearrangements. The most common one is t(12;21) TEL-
AML1 translocation, which occurs in 20-25% of childhood ALL cases. Other common 
translocations include t(4;11) MLL/AF4 rearrangements present in 5% of pediatric ALL and 
60% of infant ALL patients, and t(9;22) BCR/ABL present in 3-4% of ALL (often occurs in 
older children)10,15. 
 
 
Acute Myeloid Leukemia 
 
On the other hand, acute myelogenous/myeloid leukemia (AML) is a leukemia that involves the 
clonal proliferation of myeloid precursors and accounts for less than 10% of acute leukemias in 
children less than 10 years of age11,14,16. In contrast, among adults, AML accounts for 
approximately 80% of acute leukemia3. In contrast to ALL, the incidence of AML increases with 
age, with 1.3 and 12.2 cases per 100,000 population for those under or over 65 years, 
respectively, and the median age at diagnosis is 65 years3,13. It occurs more commonly in males 
than females, with the male to female ratio being 5:313,17. The incidence of childhood AML is 
similar among persons of different ethnic groups in the US, although there seems to be an 
increased incidence among Hawaiians and increased incidence among Hispanics for a specific 
subtype of AML, acute promyelocytic leukemia3,18. However, among adults, non-Hispanic 
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whites have a slightly higher incidence than Hispanics, blacks and Asian Pacific Islanders (4 
cases versus 3 cases per 100,000 population)17,19.  
 
AML is also associated with congenital genetic syndromes such as Down syndrome, Bloom 
syndrome, Fanconi’s anemia, and familial RUNX1 mutations13,17. It is also associated with 
environmental factors, such as exposure to radiation, chemicals, tobacco, or chemotherapy drugs, 
as well as other hematologic diseases (such as paroxysmal nocturnal hemoglobinuria, aplastic 
anemia, myelodysplastic syndrome and myeloproliferative disorders)13. 
 
Presentation  
 
Although ALL and AML are genetically and immunophenotypically distinct, they have a similar 
clinical presentation11. In both leukemias, the accumulation of neoplastic immature “blast” cells 
in the bone marrow suppresses the normal hematopoietic process through physical crowding, 
competition for growth factors, and other mechanisms that are not well understood10,11,17. The 
suppression of bone marrow function results in fatigue due to anemia, fever due to infections 
secondary to neutropenia, and bleeding due to thrombocytopenia.  Bone pain occurs because of 
neoplastic proliferation, bone marrow expansion and infiltration of the subperiostium11,20. 
Additional symptoms include generalized lymphadenopathy, splenomegaly, hepatomegaly, 
testicular enlargement, and central nervous system manifestations such as headache, vomiting 
and nerve palsies due to meningeal spread. In acute leukemias, these symptoms come in an 
abrupt stormy onset within days to weeks of the first symptoms11,20.  
 
Prognosis 
 
The prognosis for ALL is very good6,21. With aggressive chemotherapy and/or bone marrow 
transplant, about 95% of children with ALL obtain a complete remission and 75-85% are cured. 
Nevertheless, ALL remains the leading cause of cancer deaths in children. Favorable prognostic 
markers are: age between 2-10 years; a low white cell count; hyperploidy; trisomy of 
chromosomes 4, 7, or 10; and the presence of t(12;21) TEL-AML1 translocation2,10. Poor 
prognostic markers are: age under 2 (largely due to the strong association of infantile ALL with 
translocations involving the MLL gene) or presentation in adolescence or adulthood; peripheral 
white cell count greater than 100,000 reflecting a higher tumor burden; and the presence of 
certain cytogenetic translocations such as the t(9;22) BCR-ABL fusion (also known as the 
Philadelphia chromosome), which is present in 3% of childhood ALL2,10.  
 
On the other hand, the prognosis for AML is relatively poor, with 5-year-survival rates averaging 
at 54% for children under the age of 13, and 46% for adolescents aged 13 to under 21 years of 
age16,21,22. However, survival varies depending on certain cytogenetic and molecular 
abnormalities, with 5-year survival ranging from 22% to 90% among different cytogenetic 
changes 23. Unlike adult AML, age is not an independent prognostic factor in infants and 
adolescents, and very high blast counts at diagnosis have been associated with increased risk of 
death and nonresponse23.  
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Etiology of Childhood Leukemias 
 
The genesis of cancer is typically a multistep process24. Similarly for childhood leukemia, single 
mutations are not sufficient to produce ALL4,12. Current evidence suggests that the “first hit” in 
the genesis of leukemia occurs in utero, establishing a pre-leukemic clone1. Given that childhood 
ALL usually appears in patients between the ages of 2-5 years, this lengthy prodrome is 
consistent with the pre-leukemic clone acquiring additional mutations that lead to the 
development of overt leukemia1.  
 
Evidence supporting this comes from studies that demonstrate that key translocation events occur 
prenatally for specific molecularly defined ALL subtypes, such as infant leukemia characterized 
by MLL-AF4 t4[4;11] translocation, childhood ALL characterized by TEL-AML1 t[12;21] 
translocation, and childhood AML characterized by AML1-ETO translocation25,26. Specifically, 
studies on identical twins with concordant B-ALL demonstrated that both twins shared a 
common chromosomal aberration27. Among triplets, different post-natal genetic events occurred 
despite three triplets demonstrating the presence of TEL-AML1 fusion sequences in their blood 
spots28. Additional studies with neonatal blood spots, Guthrie cards, have identified the presence 
at birth of common mutations such as t(12;21) TEL-AML1, t(8;21) AML1-ETO29,30. However, 
Mori et al showed a 100-fold higher occurrence of TEL-AML1 or AML-ETO fusion genes in 
cord blood than the incidence of childhood ALL or AML31. The mutations associated with 
leukemia are insufficient to cause disease by themselves, as these translocations occur at a rate of 
1% or more in the normal population31,32. This suggested that the critical rate-limiting step in the 
production of overt leukemia occurs after birth4. Other mutations, such as t(1;19) E2A-PBX1, 
FLT3, and RAS are postnatal33,34. MLL translocations (11q23) appear to occur within temporal 
proximity to diagnosis, meaning that infants (<1 year old) have prenatal translocations, and 
children beyond 2 years of age at diagnosis have postnatal translocations35. The identity of the 
“second-hit” mutations is incomplete, but aberrations that increase growth and survival, such as 
activating mutations in tyrosine kinases, are commonly present13.   
 
Since fetal and child hematopoiesis exhibit a high degree of cellular proliferation, it is a window 
of time where environmental exposure to chemicals may induce mutations4. For example, 
children with t(12;21) TEL-AML1 translocations had 4 times the odds of being born from 
mothers who were exposed to paints during their pregnancy when compared to controls and this 
increased risk was not noted for other cytogenetic subtypes of leukemia36. Environmental 
exposures including ionizing radiation for diagnostic imaging during pregnancy and atomic 
bomb exposure during childhood and young adulthood have been demonstrated to have a strong 
causative association37,38. Other environmental contributors include the diet of the mother and 
child, parental smoking, pesticides and household chemicals, traffic fumes, immunologic 
modifiers4,39-42. In addition, variation in several genes implicated in B-cell development 
(ARID5B, IKZF1, CEBPA), and cell cycle regulation/DNA repair (CDKN2A/B) are confirmed 
genetic risk factors for childhood ALL. Several HLA haplotypes associations with childhood 
leukemia have been noted43-46.  
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Infectious Exposures and Immune System Development 
 
Of environmental exposures that have been shown to be associated with the progression of 
leukemia, those related to immunologic development, specifically infectious diseases, have been 
the most pertinent4. The hypothesis that exposure to infections and the development of the 
immune system play a role in the development of leukemia was proposed by two separate 
researchers with a different take on possible infectious etiology47-49. The “population mixing” 
hypothesis advanced by Kinlen proposes that a specific viral infection is responsible for the 
leukemia “outbreaks” that occur during population mixing48. This hypothesis came from 
observations that the leukemia incidence often increased when children and families were moved 
and mixed with the removal of children during central London during World War II, and the 
creation of new towns in Britain in the decades following the war48. However, another 
hypothesis was posed by Greaves, who noted that children who received a lower level of 
immune stimulation during early childhood developed a higher risk of leukemia, and as a result, 
a normal course of infection in early childhood was protective against the development of 
leukemia47. The lack of immune stimulation in children who are relatively isolated followed by 
an aberrant over response to common infections later in childhood is hypothesized as the 
promotion of the second “hit” in children who have a pre-leukemic mutation50.  
 
In support of Kinlen’s hypothesis, a number of studies have shown elevated childhood ALL in 
geographic regions with high levels of population mixing (e.g., previously isolated areas in 
which there was a recent increase in population density, areas of population growth, and regions 
with population movements during wartime, increased social contact during commuting, or mass 
tourism)51. However, screening for four lymphotropic herpes virus genomes in leukemic samples 
using conventional molecular techniques and sensitive real-time PCR revealed no novel 
herpesvirus genomes. Samples from children with ALL also demonstrated no evidence of 
genomes of JC and BK polyoma viruses13. Nevertheless it has been suggested that there is an 
infectious etiology behind the recent cluster at Fallon, Nevada, in which 17 children developed 
cancer between 1997 to 2004, especially given the geographic patterning, narrow time window 
of the cluster, along with similar age and immunophenotype of the leukemias 51,52.  
 
Greaves’ hypothesis is supported by a number of studies evaluating indirect measures linking 
infectious agents with childhood ALL, such as childcare history, vaccinations, infections, 
maternal infection during pregnancy, and allergies/asthma53-57. Childcare history, or day care, is 
considered a proxy measure for exposure to infection since the more contacts a child has in day 
care setting the better chance s/he has for exposure to new infections. Studies of day care and 
leukemia sometimes demonstrated no difference in frequency, or more often a reduced level of 
day care in children who contract leukemia compared to controls53. A meta-analysis by Urayama 
and colleagues compiled evidence from 15 studies and yielded a combined OR of 0.76 (95% CI 
0.67-0.87), indicating a reduced level of prior childhood contacts in leukemia patients via day 
care settings in the majority of studies58. Studies have also shown that higher birth order and 
vaccinations such as those against Haemophilus influenzae (HiB), have been associated with 
reduced risks59. These studies suggest that an increased opportunity for early childhood 
infections protects against leukemia50. Household crowding, medical conditions suggesting poor 
hygiene, and household pets have not been adequately studied13. There is some evidence that 
measures of higher socioeconomic status are linked with increased risk of childhood ALL60. A 
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history of one or more allergic disorders has also been linked with a significantly reduced risk of 
childhood ALL57. This inverse relationship, however, may be due to information bias, due to the 
nature of case-control studies that assess allergies through parental recall4.  Parents of children 
with leukemia may ruminate about factors that may have affected their child’s risk to leukemia 
leading to false positive associations, while families of children included as controls, tend to 
misreport allergies that may have occurred after a ‘‘reference date’’ (diagnostic date for the 
corresponding leukemic children), therefore, over-reporting exposures, infections, and medical 
conditions4. Two other studies that utilized medical record abstraction rather than patient 
interview found that allergy was a risk factor for leukemia57,61. It is possible that allergies and 
leukemia share similar risk factors related to immune system development. The hygiene 
hypothesis proposed by Strachan to explain the rising prevalence of allergy in Western 
populations is very similar to Greaves’ hypothesis62. The hygiene hypothesis states that early 
childhood infections may be protective against allergy, but that declining family size and 
improved sanitation may have reduced exposure to infectious agents during early childhood thus 
resulting in immune dysregulation and a rise in the prevalence of allergy4,57,62. Given the 
generally sporadic patterning of leukemia incidence among populations, one could argue that 
prevailing evidence favors Greaves’ hypothesis of abnormal immune development rather than 
the involvement of a specific leukemia virus for the induction of the second “hit”4.  
 
 
Dysregulated Immune System and Childhood Leukemia 
 
It is thought that children who develop leukemia may be born with a dysregulated immune 
system, and while immune stimulation by early life exposure to infections and vaccinations 
appear to be protective, those born with an aberrant immune system may respond to infections 
more vigorously – predisposing them to the induction of a second “hit” to the pre-leukemic 
clone4,50. It has been demonstrated that children diagnosed with ALL had significantly more 
clinically diagnosed infectious episodes in the first year of life compared to controls63-65. The 
number of infectious episodes in children with ALL increased with increasing indices of 
infectious exposure (birth order, regular social activity outside the home, and social deprivation 
at birth), a phenomenon not observed among healthy control children65.  These studies also 
demonstrated fewer social contacts for children contracting leukemia, indicating that overall 
exposure to infections were likely lower than controls64.  
 
Two separate phenomena may be influencing leukemia risk: (i) a reduced repertoire of infections 
during early immune development which would increase the risk and (ii) a congenitally altered 
immune system response to infection, also increasing the risk of leukemia4.  
 
Chang et al demonstrated that IL-10, a key anti-inflammatory cytokine secreted by monocytes 
and lymphocytes and critical in regulating the intensity and duration of immune responses to 
infections, is deficient among children who later developed leukemia66. It is possible that 
children with dysregulated immune function at birth are at higher risk for developing leukemia 
due to constitutively lower expression of IL1066. Chang et al also analyzed 29 adaptive immune 
function genes for polymorphisms among 377 children with ALL and 448 matched controls and 
found that a polymorphism in IL12A, the main driver of TH1 immunity, was significantly 
associated with increased risk of ALL (OR: 1.52, 1.25-1.85, P = 2.9 x 10-5) and this risk was 
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strongest among first-born children and non-Hispanic children with less day care attendance67. 
Infections in childhood combined with a dysregulated immune response may result in rapid 
expansion of a pre-leukemic clone, leading to an increased opportunity for acquiring a second 
mutation required for the development of childhood leukemia4.  
 
Breastfeeding and the Risk of Childhood Leukemia  

Within the context of the Greaves’ hypothesis, it is postulated that maternal breastfeeding may 
protect against childhood ALL by modulating the child’s immune system early in life to respond 
effectively during exposure to common infections later in life50. Breastfeeding has been 
demonstrated to be a relevant exposure during a critical developmental period, offering both 
nutritive and immunologic benefits for newborns and young infants68. Studies have shown that it 
is protective against diarrhea, respiratory diseases, otitis media, and necrotizing enterocolitis69. 
For example, infants not breastfed have a higher risk of being hospitalized for and dying from 
pneumonia than those breastfed70. In addition, breastfeeding has been linked to long-term health 
benefits such as reduced risk of hyperlipidemia, hypertension, diabetes mellitus type 2, and 
asthma69.  
 
Passive protection from infections and immune modulation 
 
The immunological function of breastfeeding can be summarized in two main categories: the 
passive protection of newborn from infection, and the modulation of the immune system71. 
Breast milk is known to protect newborns from infection. The immunologic contents of breast 
milk are responsible for stimulating intestinal maturation, enhancing production of specific 
antibodies, controlling and preventing inflammation, encouraging proliferation of commensal 
bacteria, and facilitating the survival of substances that protect the infant68. Breast milk is rich in 
secretory IgA (sIgA) antibodies that bind to microbes, such as E. coli and Campylobacter, in the 
infant intestine and prevent attachment to the walls of the gut72. Very little sIgA is produced in 
the neonatal period, and as such, breast milk is the neonate’s predominant source of the 
immunoglobulin73,74.  
 
In addition to antibodies, breast milk contains other immunoactive compounds. Breast milk 
contains probiotic oligosaccharides, called “bifidogenic” oligosaccharides (“bifidus factor”), that 
promote propagation of commensal gut bacteria, such as Bifidobacterium and Lactobacillus 
bifidus, which decrease intestinal pH by producing lactic acid75,76. These benign bacteria 
compete with pathogenic bacteria and limit the available nutrients for the latter. In turn, 
Lactobacillus and other commensal bacteria have been shown to stimulate gastrointestinal 
plasma cells to synthesize sIgA75. Breast milk also has over 130 different non-digestible 
oligosaccharides that competitively inhibit the binding of pathogens or their toxins to the 
respiratory, gastrointestinal, and urinary tracts68,75. For example, some prevent binding of 
Streptococcus pneumoniae to the respiratory epithelium, while others inhibit E. coli and Vibrio 
cholerae68. In addition, breast milk contains lysozyme, an enzyme that attacks the peptidoglycan 
layer in the cell wall of certain pathogenic bacteria68.  
 
Although it has been shown that the immune system is complete at birth, the exposures during 
infancy and early childhood are essential for the expansion and the priming of adaptive cell 
immunity71. As such, breast milk has been demonstrated to have components that modulate the 
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immune system by both inhibiting the inflammatory response and promoting it when necessary 
for development71. The immature intestinal epithelium of the neonate has been shown to mount 
an excessive inflammatory response to both endogenous and exogenous bacteria77. This 
propensity to generate an over-reactive inflammatory response leaves the neonate, and 
particularly the preterm infant, at risk of chronic inflammation77. The anti-inflammatory contents 
of breast milk help mitigate the risk of an overactive inflammatory response, which may be 
responsible for the pathogenesis of inflammatory bowel diseases in the preterm infant71,78. There 
are many different classes of anti-inflammatory agents found in human breast milk, including 
enzymes that degrade inflammatory mediators, epithelial growth factors, antioxidants, and 
substances that bind to toxins68,71. One example is lactoferrin, which binds to iron and reduces 
the amount of iron available to pathogenic bacteria (thus stemming their proliferation). Iron also 
prevents leukocytes from releasing pro-inflammatory cytokines like interleukin-1β (IL-1β), 
tumor necrosis factor-α (TNF-α), and IL-868,71. Breast milk contains other anti-inflammatory 
cytokines, including IL-10, platelet activating factor (PAF), and transforming growth factor-β 
(TGF-β), that have been shown to reduce expression of IL-8 and other pro-inflammatory 
cytokines68,71. 
 
In addition to anti-inflammatory cytokines, breast milk also contains substances that promote 
synthesis and activation of endogenous inflammatory and immune mediators that allow the 
infant to mount an appropriate inflammatory response when necessary68,79. For example, 
intestinal secretions of newborns lack CD-14, an essential cytokine in the innate immune 
system’s inflammatory response. Breast milk, however, contains CD-14, and its levels are 
highest in colostrum and early milk77. Therefore, breast-fed infants are more able to mount a 
defense against intestinal pathogens. In addition, because breast milk contains a diverse range of 
anti-inflammatory and immune-modulatory agents, including TH1 promoting cytokines (INF-ϒ, 
IL-12), and TH2 type promoting cytokines (IL-6, Il-10), breastfeeding may play an important 
biological role in priming the newborn immune system79. Other constituents of breast milk have 
been shown to activate components of the endogenous immune system including macrophages, 
T cells, and neutrophils73,80.  
 
As a result, breastfeeding has been supported as an important component for neonatal immune 
system development68,72-74. This can be demonstrated by the role of breastfeeding in the rapid 
maturation of the neonatal TLR system in the first month of life 74,81. During this important 
period, TLR-mediated cytokine responses mature rapidly from a Th2-biased profile toward 
increased Th1-cell polarizing responses characteristic of later life74,82. As such, the innate 
immune responses at the age of 1 month were markedly different between neonates who received 
exclusive breastfeeding during the first month of life and those who did not82. Several 
explanations may account for the association between breastfeeding and low TLR7-mediated IL-
10 production. The first explanation is that breast milk contains multiple immune modulatory 
compounds that directly influence TLR-mediated immune responses, including 
immunoglobulins, nucleotides, oligosaccharides and antimicrobial proteins/peptides82.  In vitro 
studies have shown that breast milk increases monocyte production of IL-10 while decreasing 
production of IFN-γ in response to lipopolysaccharide, mitogen and allergen82. Immune 
modulation by breast milk is TLR-specific, as breast milk suppresses IL-8 production to agonists 
for TLR2 and TLR3, while enhancing responses to TLR4 and TLR5. Researchers have proposed 
that suppression of TLR7-mediated IL-10 production may promote neonatal defense against viral 
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infections, while induction of TLR4-mediated IL-10 production serves to promote neonatal 
tolerance to bacterial colonization82. However, the alternative explanation is that the decreased 
TLR7-mediated IL-10 production at the age of 1 month might be due to decreased incidence of 
respiratory viral infections in breastfed neonates. Both respiratory syncytial virus (RSV) and 
rhinovirus, the most common causes of neonatal respiratory tract infections, are single-stranded 
RNA viruses that trigger TLR782. Severe RSV infection is associated with increased production 
of IL-10 during and after infection. Breastfeeding protects against severe RSV infections and 
reduces RSV-mediated immune activation82. Reduced incidence of severe RSV infections in the 
first month of life may account for the lower IL-10 production in breastfed neonates. However, 
one study found no difference in TLR7-mediated IL-10 between neonates with and without 
history of respiratory tract infections in the first month of life (p = 0.96). In addition, as RSV 
respiratory tract infections are relatively rare in the first 2–3 months, other mechanisms are likely 
to play a role. Furthermore, decreased TLR7-mediated IL-10 production (and increased TLR3-
mediated IL-12) production in breastfed infants may also reflect more rapid transition to a Th1-
polarized innate immune system. However, breastfeeding did not affect cytokine responses to 
TLR4 and TLR982.  
 
As such, the content of breast milk primes the infant for immunologic maturation, and for growth 
of the immature epithelium in the respiratory and gastrointestinal tracts, protecting the neonate 
and infant from infections68. Within the context of Greaves’ infectious etiology hypothesis, 
breastfeeding may play a significant role in the etiology of childhood leukemia50.  
 

Association with Childhood Leukemia Risk 
 
As breastfeeding is noted for providing the newborn with passive immunity, protecting from 
some early infections, as well as playing a role in immune system development, investigators 
have hypothesized that breastfeeding could reduce the risk of childhood leukemia. However, the 
results of studies of breastfeeding and its role in the risk of childhood leukemia have been 
inconsistent.  
 
Guise et al. published a meta-analysis in 2005 reviewing case-control studies related to 
breastfeeding and risk of childhood leukemia83. Of the 10 studies reviewed, only two were 
considered to provide “good” quality evidence regarding the association between maternal 
breastfeeding and childhood leukemia83. In the two studies rated as good, breastfeeding was 
associated with a significant risk reduction in one study [OR: 0.80 (95% CI: 0.69–0.93) 
controlling for maternal education, race, income], as well as decreased risk in a dose-response 
with breastfeeding – one month of breastfeeding demonstrated no reduced risk, while 6 months 
of breastfeeding reduced risk for ALL and AML 70,83. The other study rated as “good”, the 
United Kingdom Childhood Cancer Study (UKCCS), reported a non-significant but suggestive 
difference (OR: 0.91 (95% CI: 0.81 –1.04)), and reported that breastfeeding for greater than 6 
months had an OR of 0.65 (95% CI: 0.43–1.0)84. In the two studies rated as of fair quality, one 
was associated with risk reduction. Taken together, half of the studies associated breastfeeding 
with a lower risk of ALL83. 
 
Two other meta-analyses, performed by Beral et al. and Kwan et al., respectively, reported a 
reduced risk association between ever been breastfed and childhood leukemia84. Beral et al. 
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reported an OR for ever breastfeeding of 0.86; 95% CI: 0.81–0.9284. Breastfeeding for 6 months 
seemed to confer somewhat greater protection with an OR of 0.78 (95% CI: 0.71–0.85)84. The 
meta-analysis by Kwan et al. used 14 case-control studies and concluded that both short-term 
(less than 6 months) and long-term (greater than 6 months) breastfeeding was associated with a 
reduced odds of both ALL (OR: 0.76; 95% CI: 0.68 – 0.84) and AML (OR: 0.85; 95% CI: 0.73–
0.98)85. 
 
Guise et al. noted that in the review performed by Beral et al. that included the UKCCS study, 
the protective effect of breastfeeding was uniform for all pediatric cancers, and this could 
represent either a universal effect of an immunologic influence across all cancers or an inherent 
bias in the control ascertainment, indicative of confounding83. In regards to the meta-analysis 
performed by Kwan et al., they noted that the lack of a relationship specific to ALL and the lack 
of a duration effect of breastfeeding may be indicative of bias, particularly confounding by 
socioeconomic status83. Many included studies failed to adjust for socioeconomic status, and the 
imbalance in this factor between cases and controls as well as participation bias may have 
confounded the relationship with breastfeeding83. Mothers who breastfeed for 6 months differ 
from those who breastfeed less, in more ways than just having a different socioeconomic status, 
such as age, pre-pregnancy BMI, income, education, race, and gravidity83. Risk for ALL may be 
associated with one of these factors, and the effect may not be removed entirely by adjusting for 
socioeconomic status83. 
 
Childhood leukemia is the most common type of cancer diagnosed in children, and it is estimated 
that the United States spends $1.4 billion dollars annually for the treatment of this disease13,86. 
An ability to prevent 10% to 20% of the 3000 cases each year in the USA through breastfeeding 
would be a health and fiscal benefit. Despite the public health importance of identifying potential 
interventions that could prevent the onset of childhood leukemia, the current literature regarding 
the preventive role of breastfeeding has substantial limitations83. Given the burden of disease and 
potential cost-effectiveness, conducting high-quality research should be a high priority83. 
 
The California Childhood Leukemia Study 
 
The Northern California Childhood Leukemia Study (NCCLS), now called the California 
Childhood Leukemia Study (CCLS) is an ongoing population-based, matched case–control study 
in California87. It began in 1995 with 17 counties in Northern California with the objective of 
identifying the etiology of childhood leukemia. The study ran from 1995-1999 in the San 
Francisco Bay Area, and then expanded in 1999 to include an additional 18 counties in the 
California Central Valley County. In 2008, the study expanded to include counties from 
Southern California. Cases are eligible for the study if they were <15 years of age at diagnosis, 
had an English or Spanish-speaking parent or guardian, lived in one of the counties that 
comprised the population base at the time of diagnosis and had never been previously diagnosed 
with leukemia. Cases were ascertained within 72 hours after diagnosis at the Northern and 
Central California hospitals participating in the study. The control subjects were randomly 
selected from groups of four birth certificates obtained through the California Office of Vital 
Records, and one or two control subjects were matched to case subjects on child’s date of birth 
(within 10 days), sex, Hispanic status (defined as either one or both parents being Hispanic, as 
indicated on the birth certificate record) and maternal race (as indicated on the birth certificate 
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record). Using CCLS study data, Ma et al. compared birth certificate control subjects with ‘ideal’ 
control subjects (California birth certificated records that were exactly population based, for 
individuals that did not need to be traced) and found little difference in demographic 
characteristics between the two, suggesting that the CCLS is approximately population based. 
Case and control participants are similar with respect to matching characteristics, but differ by 
household income, maternal education and maternal age at birth, all higher among controls87.  
 
Kwan et al. analyzed breastfeeding and risk of childhood leukemia using CCLS data available 
from 1995-200288. Information regarding breastfeeding and complementary feeding 
characteristics was collected by an in-home interview and a self- administered questionnaire, 
respectively88. Most often, the biological mother provided the information on both instruments 
(95%). Respondents were asked if they ever breastfed their child for at least 1 day (ever/never) 
and for how long (in months, weeks, or days)88. Specific feeding characteristics of interest were 
the age the child started drinking milk or formula, the type of milk or formula consumed at or 
before 6 months and after 6 months of age, the age at which the child started eating solid foods, 
and the type of solid food consumed88. 
 
After adjusting for household income and maternal education, ever compared to never breastfed 
(OR 0.99; 95% CI 0.64 – 1.55) and breastfeeding duration in months (OR 1.00; 95% CI  0.98 – 
1.02) were not associated with risk of ALL88. Similarly, when compared to no breastfeeding, 
breastfeeding less than or equal to 3 months, 4–6 months, 7–12 months, and greater than 13 
months were not associated with ALL risk, and the P-value for trend across the categories was 
not significant88. In addition, exclusivity of breastfeeding was examined to assess the 
independent biological effects of breast milk on the risk of ALL88. Feeding only breast milk for 
any length of time was not associated with ALL risk, and no significant trend across the 
categories existed88. Restricting the analysis to ALL cases and their respective controls 
diagnosed from age 2 – 5 years revealed elevated, statistically non-significant effect estimates for 
breastfeeding and risk of disease. This study provides no evidence that breastfeeding is 
associated with the risk of childhood ALL88. 
 
 
Conclusion 

 
Research has shown that a child’s early life exposure to infectious diseases can affect risk of 
childhood leukemia – early childcare attendance, birth order, vaccination history, and ear 
infections have all been shown to be protective53,55,65,69. This supports Greaves’ hypothesis that 
exposure to early common infectious diseases provides early immune system modulation, and a 
delay in exposure to nonspecific common infections increases the risk of an adverse 
immunologic response later in life and developing childhood leukemia50.  
 
As demonstrated, breastfeeding has been associated with reduced risk of ear infections, 
gastrointestinal, and respiratory infections, as well as an increased immune response to vaccines 
in breastfed versus formula-fed babies69. Furthermore, the diverse range of anti-inflammatory 
and immunomodulatory agents in breast milk may play an important biological role in priming 
the newborn immune system68,74. Meta-analyses have demonstrated association of breastfeeding 
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with a reduced risk of ALL but no association was observed in the CCLS with data collected 
from 1995-200283,85,88.  
 
The association between breastfeeding and risk of childhood leukemia as examined by Kwan et 
al. in 2005 is limited in several ways88. First, it has a relatively small sample size. As of 2012, the 
CCLS has data available from 2003-2008 for analysis. As such, there is now a larger sample size 
with greater statistical power to assess the association. Furthermore, a potential association 
between breastfeeding during the infants first 6 months of life and childhood leukemia may have 
been missed in the analysis88. Second, no additional interactions were examined with other 
immunomodulatory factors, such as proxy measures of early life exposure to infectious diseases 
that have been previously shown to be associated with reduction in risk of ALL53,88.  
 
Given the evidence for the hypothesis that childhood ALL may result from an adverse 
immunologic response to a delay in exposure to nonspecific common infections, and the 
evidence of role of breast milk in protecting newborns from infections as well as priming the 
immune system, an additional analysis examining breastfeeding and risk of ALL is warranted. 
Specifically, utilizing the larger sample size available through the CCLS, it is imperative to 
examine the interaction of the effect of breastfeeding with proxy measures of early life exposure 
to infectious diseases (day care attendance, ear infections, birth order, vaccination history) on the 
risk of childhood leukemia. Stratification of analysis for the risk for ALL and AML can also be 
conducted using the larger data set. Based on the immunomodulatory components of breast milk, 
as well as data supporting that a IL12A polymorphism is associated with increased risk of ALL, 
an analysis examining whether the effects of breastfeeding are modified by genotypes of 
adaptive immunity genes would also make a contribution to our knowledge of ALL67,71.     
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Paper 2 
 
Introduction  
 
Childhood cancer is the second most common cause of death among children aged 1-14 years in 
the US after accidents, with leukemia accounting for approximately 30% of cancer diagnoses in 
this age range1. Acute lymphoblastic leukemia (ALL) occurs five times more frequently than 
acute myelogenous leukemia (AML) and accounts for 78% of all childhood leukemia diagnoses1. 
While the treatment of childhood leukemia is one of the greatest success stories in the field of 
oncology, the etiology of childhood leukemia still remains unclear, with ionizing radiation and 
congenital genetic syndromes explaining less than 10% of ALL cases2.  
 
Childhood leukemia most likely follows a ‘two-hit’ mechanism, in which an initial ‘hit’ occurs 
during pregnancy establishing a pre-leukemic clone, followed by a second mutation in early 
childhood that leads to the development of leukemia2. One leading hypothesis suggests that the 
second ‘hit’ may occur when an underdeveloped immune system – a result of reduced exposure 
to nonspecific common infections early in life – responds aberrantly to infection later in life, 
hence increasing the risk of a second mutation3. Evidence in support of this hypothesis comes 
from a substantial body of literature using surrogate measures of exposure to infections, which 
show a reduced risk of ALL associated with increasing birth order, a child’s history of ear 
infection, and history of day care attendance 2-4. The results are the most significant when the 
exposure occurred in the first 6 months of the child’s life2. This is in line with research showing 
that while a newborn’s immune system is complete at birth, it is significantly down-regulated 
and skewed towards a CD4+ T helper 2 (Th2) phenotype5. During the first 6 months, the immune 
system undergoes expansion and the priming of adaptive cell immunity to achieve a balance 
between CD4+ T helper 1 (Th1) and Th2 activities6,7. As such, there is evidence to support a 
mechanism by which reduced external priming of the adaptive immune system in the first 6 
months of life predisposes the child toward abnormal immune responses and proliferation of a 
pre-leukemic clone later in life3. On the other hand, an alternative hypothesis is that some 
children may already be born with a dysregulated immune system8. These children are more 
likely to develop severe and frequent infections, placing them at a higher risk of developing the 
second “hit”, as suggested by studies reporting that an increased frequency of being ill in the first 
year of life is associated with an increased risk of ALL9,10. In addition, children with low levels 
of the anti-inflammatory cytokine interleukin-10 (IL-10) at birth have an increased risk of 
developing ALL, further supporting the hypothesis that some children are born with an 
underdeveloped immune system, increasing risk of developing ALL11. These opposite 
hypotheses likely represent two distinct groups of children – one lacking early immune system 
modulation from early life exposure to infections and another born with a dysregulated immune 
system more prone to infections, both of which may promote the second ‘hit’ of ALL2. 
 
An early life exposure that may play a significant role in the etiology of ALL is breastfeeding. 
Breastfeeding has been demonstrated to offer nutritional and immunologic benefits for newborns 
and young infants, including stimulating intestinal maturation, enhancing production of specific 
antibodies, controlling and preventing inflammation, encouraging proliferation of commensal 
bacteria, and priming the immune system7,12,13. Based on the documented short and long-term 
advantages of breastfeeding, the American Academy of Pediatrics (AAP) recommends exclusive 
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breastfeeding for 6 months followed by continued breastfeeding as complementary foods are 
introduced for a year or longer14. However, the results of studies of breastfeeding and its role in 
the risk of childhood leukemia have been inconsistent. Reports of some studies and meta-
analyses show a significantly reduced risk reduction of ALL if the child has ever been breastfed, 
while other reports show no association between breastfeeding and risk of childhood leukemia15-

18. In addition, a previous study by the California Childhood Leukemia Study (CCLS), using data 
collected from 1995-2002, showed no evidence of significant association between breastfeeding 
and ALL19. However, the study had a small number of cases (n = 311) and only controlled for 
income in the analysis of breastfeeding and risk of ALL19. 
 
This study analyzes the relationship between breastfeeding and the risk of ALL and the three 
most common-subtypes of ALL using data collected from the CCLS from 1995-2008. In 
particular, this study looks at breastfeeding and risk of ALL controlling for other early life (first 
6 months) immune-modulating exposures (day care attendance, birth order, birth type), immune 
status (frequency of infections in first 6 months), and parental socioeconomic status and 
behavioral variables (smoking).  With data from the CCLS from 1995-2008, there are 722 cases 
of non-infant ALL, providing greater statistical power to detect differences between 
breastfeeding patterns among cases and controls. 
 
Methods  
 
Participants and Procedures 
 
The CCLS is an ongoing, population-based matched case-control study that began in 1995 to 
investigate the etiology of pediatric leukemias. Beginning in 1995, newly diagnosed childhood 
leukemia cases were ascertained at the time of diagnosis from major pediatric hospitals located 
in a 17-county San Francisco Bay area study region, which expanded in 1999 to 35 counties in 
Northern and Central California. Comparison with the California Cancer Registry (1997-2003) 
showed that the CCLS case ascertainment protocol captured about 95% of children diagnosed 
with leukemia in the participating study hospitals. For each eligible case, statewide birth records 
maintained by the Center for Health Statistics of the California Department of Public Health 
were used to generate a list of randomly selected controls that matched the case on child's date of 
birth, sex, Hispanic status (a biologic parent who is Hispanic), and maternal race. Information 
was obtained from the birth certificates and commercially available searching tools were used to 
trace and enroll 1 or 2 matched controls for each case. Cases and controls were considered 
eligible if they were under 15 years of age at date of diagnosis for cases (or corresponding 
reference date for controls), resided in the study region at the date of diagnosis, had a parent or 
guardian who spoke either English or Spanish, and had no prior history of malignancy. 
Approximately 85% of eligible cases consented to participate. Among all eligible controls who 
were contacted, 86% consented to participate. A previous evaluation showed that participating 
controls in the CCLS are representative of the sampled population with respect to parental age, 
parental education, and mother's reproductive history20. 
 
The current analysis includes ALL cases and control subjects recruited between 1995 and 2008. 
ALL cases and their matched controls who were below the age of one at diagnosis/reference date 
were excluded because of growing evidence that leukemias in this age range may be etiologically 
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distinct from leukemia diagnosed at later ages2. Cases and controls breastfed for >1 year were 
also excluded from analysis to investigate a possible causal effect; breastfeeding should precede 
the diagnosis of childhood leukemia. This resulted in a dataset with 669 ALL cases and 925 
matched controls. 
 
The study protocol was approved by the Institutional Review Boards of the University of 
California, Berkeley and all collaborating institutions. Written informed consent was obtained 
from all participating parents and guardians.  
 
Data collection 
 
Breastfeeding characteristics were collected by an in-home interview and a self-administered 
standardized questionnaire given to the parents/guardians of each child, with the biological 
mother providing information 95% of the time. Breastfeeding information was collected first as a 
binary variable (never/ever), and also as a continuous variable indicating the number of weeks 
that the child was breastfed (in weeks).  
 
Data on the child's social contacts with children inside and outside the home (birth order and day 
care attendance) and common infections during the first year of life were also obtained using a 
standardized questionnaire. The child's birth order was determined based on a reproductive 
history of the biologic mother and used as a measure of number of siblings a child had. History 
of day care and preschool attendance, including age of attendance, duration of attendance (hours 
per week), and number of other children present, were used to calculate child-hours of day care 
attendance. As previously described in other publications4, total child-hours of exposure at each 
day care center was calculated as: (number of months attending the day care center) × (mean 
hours per week at this day care center) × (number of other children at this day care center) × 
(4.35 weeks per month). For each child, the child-hours in each day care setting were summed to 
obtain the total child-hours of exposure, and for this study, restricted to day care child-hours in 
the first 6 month of life. The method of birth delivery (birth type), caesarian vs. vaginal birth, 
was extracted from birth certificates of cases and controls.  
 
History of common illnesses focused on infections that the child had during the first year of life, 
such as severe diarrhea/vomiting, ear infection, persistent cough, mouth and eye infection, 
influenza, and unspecified “other infection” with an emphasis on the timing and frequency. For 
this study, immune status was defined as frequency of being ill more than 5 times in the first 6 
months of life. Smoking history was obtained via self-administered questionnaire and in-person 
interview. Ever smoking was defined as ever having smoked 100 cigarettes before the case 
child’s diagnosis of leukemia. Smoking exposure specifically in the first 6 months was not 
available, and in this study, parental smoking was defined as if either the mother or the father 
ever smoked prior to the child’s diagnosis. 
 
Immunophenotypes and cytogenetic data analyses for cases of ALL were performed either at the 
University of California, Berkeley or at a collaborating hospital.  Immunophenotype was 
determined for ALL cases using flow cytometry profiles. Those positive for CD19 or CD10 were 
classified as B-lineage and were used to classify “common ALL”  (c-ALL) subtype of ALL 
defined as CD19+, CD10+ among the ages of 2-5. For classification of the other common 
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subtypes, B-cell ALL with t(12;21) translocations (TEL-AML1) and high-hyperdiploid ALL 
(defined by a karyotype with 51-68 chromosomes), records were obtained from cytogenetic 
reports from clinical laboratories where classical banding methods were generally applied. All 
abstracted data were reviewed for accuracy by a consulting clinical oncologist. For cases without 
any cytogenetic reports or a “normal” karyotype, further karyotyping was done. Fluorescence in 
situ hybridization (FISH) with gene-loci specific probes for chromosomes 12 (TEL) and 21 
(AML1) was used to identify TEL-AML1 translocations. Classifications were reviewed by 
CCLS and inconsistencies were resolved after discussion by experts, blinded to ethnicity.  
 
Statistical analysis  
 
The primary outcome variable of interest was overall ALL, with secondary analyses of the three 
common subtypes of ALL (common ALL, TEL-AML1 ALL, and high hyperdiploid ALL). 
Breastfeeding was modeled in three different ways; as a binary variable “never/ever”, as a 
continuous variable (time in weeks), and as a categorical variable in exclusive intervals of 6 
months (never, <6 months, 6-12 months). The 6-month intervals were chosen based on the 
analysis of prior literature which indicated that modulating exposures are significant in the first 
6-months of exposure and based on AAP recommendations of breastfeeding exclusively for 6 
months and afterwards, up to 1 year of age or longer not-exclusively. Other variables 
representing immune-modulating exposures include the number of day care child-hours in the 
first 6 months, birth order (no siblings or ≥ 1 sibling) and birth type (vaginal or caesarian). 
Frequency of infections  (≥ 5 infections) in the first 6 months was used as a surrogate measure of 
reduced immune function.  
 
Demographic characteristics included in the analysis were based on literature review and include 
maternal age at child’s birth, maternal educational level, household income, and child’s birth 
weight. Parental smoking was included in the analysis since paternal smoking has been 
associated with increased risk of ALL and maternal smoking was associated with lower rate of 
breastfeeding and of shorter duration21,22. The demographic characteristics, smoking, and 
immune-related variables are reported for cases and controls for overall ALL, as well as for the 
three common subtypes of ALL (common ALL, TEL-AML1 ALL, and high hyperdiploid ALL). 
Univariable conditional logistic regression was used to assess differences in the distribution of 
characteristics between the cases and controls for ALL and the subtypes of ALL, as a 
substitution for the McNemar’s Test.  
 
To assess the association of breastfeeding and risk of ALL and subtypes of ALL, a conditional 
logistic regression analysis was performed to estimate the odds ratios (ORs) and 95% confidence 
intervals (CIs). First, breastfeeding on risk of ALL and subtypes of ALL was examined as 
never/ever, continuous, and as exclusive intervals of 6 months (never, < 6 months, and 6-12 
months), not adjusting for demographics, smoking, and immune-related variables. Then, a 
multivariable conditional logistic analysis was conducted to investigate the association between 
ALL and breastfeeding, with breastfeeding coded with indicators (never, <6 months, 6-12 
months), adjusting for both immune-modulating exposures and demographics and select 
characteristics (maternal age, maternal education, income, child’s birth weight, and parental 
smoking). All of the covariates were included in the multivariable model in order to compare the 
effect of breastfeeding across all models (ALL and its subtypes). To address the issue of power 
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when analyzing breastfeeding and risk of individual subtypes of ALL, breastfeeding categories 
“never” and “<6 months” were combined, since the impact of never and <6 months were similar 
and not significantly associated with risk of ALL. The binary breastfeeding variable (<6 months 
vs. ≥ 6 months) was then assessed for risk of each of the three subtypes of ALL, adjusting for 
immune-related variables, demographics, and smoking. Last, interaction terms describing the 
two-way multiplicative interactions between breastfeeding and all the covariates (including 
matching covariates – age, sex, Hispanic ethnicity/maternal race) were assessed for overall 
significance.  

P-values of <0.05 were considered significant in the conditional logistic analyses, as well 
as for the overall Wald test for the set of breastfeeding indicators. Interactions with a p-value of 
<0.20 were considered significant. All statistical analyses were done using Stata version 12.1. 
 
Results  
 
Demographics and Smoking Distributions among Cases and Controls (Tables 1A and 1B) 
 
Demographic characteristics of cases and controls are presented in Tables 1A and 1B for overall 
ALL and separately for the three most common subtypes of ALL: c-ALL, TEL-AML1 ALL, and 
high hyperdiploid ALL.  For overall ALL, compared to controls, more cases came from families 
with a lower annual household income (p < 0.001), were born to mothers with fewer years of 
education (p = 0.001), were born with a higher birthweight (p = 0.046) and were born to families 
in which one or both parents had previously smoked cigarettes (p = 0.008). White/Caucasians 
were the largest racial group in the study population (53.1%), of which 46.2% were Hispanic and 
36.3% were Non-Hispanic White. Mixed or ‘other’ made the third largest subgroup of the study 
(32.7%), followed by Asian/Pacific Islanders (8.9%), African Americans (2.8%) and Native 
American (1.2%). There was a higher prevalence of ALL among boys (56.8%) than girls 
(43.2%), and the average age of diagnosis of ALL was 5.6 years (SD ± 3.4). 
 
For c-ALL, cases and controls differed significantly with respect to household income (P 
<0.001) and parental smoking (p = 0.032). TEL-AML1 ALL cases and controls differed 
significantly for household income only (p = 0.002). For high-hyperdiploid ALL, cases and 
controls differed only by childbirth weight (p = 0.016). For all three subtypes of ALL, there was 
a higher prevalence of leukemia in boys when compared to girls, with the average age of 
diagnosis being 3.8 years for c-ALL, 4.3 years for TEL-AML1 ALL, and 5.2 years for high-
hyperdiploid ALL. 
            
Maternal age at the child’s birth did not statistically differ in distribution between cases and 
controls for overall ALL and for any of the subtypes. 
  
Distributions of Immune-Related Variables among Cases and Controls (Tables 2A and 2B) 
 
The distribution of other immune-modulating exposures are as follows: cases had fewer child-
hours of day care by 6 months (324.4 SD±1281) than controls (469 SD±1477), were more likely 
to be a first-born child or an only child (73.7% vs. 73.2% among controls), more likely to have 
had a Caesarian section for birth (22.4%) versus controls (20.6%), and more likely to have been 
reported to have been sick more than 5 times in the first 6 months of life (8.5%) than controls 
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(6.4%). However, only birth type (Caesarian section vs. vaginal birth) was significantly different 
between cases and controls (p = 0.047). Among subtypes of ALL, cases on average, had fewer 
child day care hours by 6 months of age, were more likely to be first born or an only child, were 
more likely to have been born by cesarean section, and were more likely to have been sick in the 
first 6 months of life. However, these distributions between cases and controls among subtypes 
of ALL were not significant.  
 
Distribution of Breastfeeding among Cases and Controls (Tables 3A) 
 
The frequency of breastfeeding was high among cases and controls for overall ALL and its 
subtypes, with >90% having ever breastfed in any duration. For ALL overall, the prevalence of 
ever breastfeeding was 90.3% among cases and 93.2% among controls. On average, cases were 
breastfed for shorter periods (28.4 weeks, SD±16.2) than controls (31.2 weeks, SD±14.5) and 
only 64.0% of cases were breastfed for greater than 6 months, compared to 72.9% of controls.  
 
Unadjusted Models of Breastfeeding and Risk of ALL and Subtypes of ALL (Table 3B) 
 
When compared to never being breastfed, breastfeeding was significantly protective against 
overall ALL in the unadjusted model (OR: 0.63, 95% CI: 0.40-1.00, p = 0.048). Breastfeeding 
modeled as a continuous variable, was similarly protective against overall ALL (OR: 0.98, 95% 
CI: 0.97-0.99, p = 0.001). Furthermore, when compared to never breastfeeding, breastfeeding for 
<6 months was not significant (though the point estimate suggests a protective effect), but 
breastfeeding for 6-12 months was significantly associated with a reduced risk of ALL (OR: 
0.40, 95% CI: 0.23-0.68, p = 0.001). 
 
When looking at subtypes of ALL, unadjusted breastfeeding was not significant in c-ALL or 
TEL-AML1, although point estimates suggest a protective effect. However, breastfeeding, as a 
continuous variable, was significantly associated with a reduced risk of high-hyperdiploid ALL 
(OR: 0.98, 95% CI: 0.96-1.00, p = 0.025). In addition, compared to never, breastfeeding for <6 
months was not significant, but breastfeeding for 6-12 months was associated with a significantly 
reduced risk of high-hyperdiploid ALL (OR: 0.37, 95% CI: 0.14 - 0.96, p = 0.04). 
 
Breastfeeding and Risk of ALL, Adjusting for Immune-related Variables, Demographics, and 
Smoking (Table 4A and 4B) 
 
Adjusting for demographics and other selected covariates (mother’s age, maternal education, 
household income, child’s birth weight, parental smoking), and for immune-related variables 
exposures (day care, birth order, birth type, total times ill in the 6 months), breastfeeding 6-12 
months, compared to never, was significantly associated with a decreased risk of ALL (OR: 0.49, 
95% CI: 0.26-0.95, p = 0.033). Compared to <6 months of breastfeeding, breastfeeding for 6-12 
was also significantly associated with a reduced risk of ALL (OR: 0.56, 95%CI: 0.34-0.92, p = 
0.023), after adjusting for all of the covariates (not shown in Table 4A). However, when looking 
at subtypes of ALL, breastfeeding (coded as indicators) was not significantly associated with risk 
of common ALL, TEL-AML1 ALL, or high-hyperdiploid ALL, even though the point estimates 
suggest that breastfeeding for 6-12 months confers a protective effect. 
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Breastfeeding (as a binary variable) and risk of ALL, Adjusting for Immune-related Factors, 
Demographics, and Smoking (Table 5A) 
 
To address the issue of reduced power when assessing the association of breastfeeding and 
subtypes of ALL, and since never and < 6 months did not have a statistically significant 
difference in outcomes, breastfeeding was coded as a binary variable as <6 months breastfeeding 
(including never) vs. ≥ 6 months of breastfeeding. Adjusting for immune-modulating exposures 
and covariates, compared to breastfeeding for <6 months, breastfeeding for ≥6 months was 
significantly associated with a reduced risk of high-hyperdiploid ALL (OR: 0.40, 95% CI: 0.17-
0.96, p = 0.040). Breastfeeding was not significantly associated with common ALL or TEL-
AML1 ALL, although point estimates suggest a protective effect when breastfeeding occurs for 
≥6 months.  
 
Interaction models  
 
Two-way cross products between breastfeeding and immune-modulating exposures, as well as 
the selected covariates were created to assess for interaction between breastfeeding and the other 
variables on risk of ALL and its subtypes. There was no significant interaction between 
breastfeeding and any of the immune-modulating exposures (day care attendance in the first 6 
months, birth order, birth type, and frequency of infections in the first 6 months) on risk of ALL. 
In addition, there was no significant interaction between breastfeeding and matching variables 
(gender, race, ethnicity) or covariates (maternal education, household income, child’s birth 
weight, and parental smoking). 
 
Discussion  
 
This study found an association between breastfeeding for 6-12 months, compared to never and 
< 6 months, and a reduced risk of overall ALL in subjects enrolled in the CCLS from 1995-2008, 
controlling for other immune-modulating exposures, demographic characteristics and parental 
smoking. Specifically, compared to children who were never breastfed, children who were 
breastfed for 6-12 months had 0.49 times the odds of developing leukemia (95% CI: 0.26-0.95, p 
= 0.033), and compared to children who were breast fed for <6 months, children who were 
breastfed for 6-12 months had 0.56 times the odds of developing leukemia (95%CI: 0.34-0.92, p 
= 0.023). Furthermore, since ALL is a heterogeneous disease, stratified analysis by the three 
most common subtypes demonstrated that breastfeeding for ≥ 6 months, compared to < 6 
months, was significantly associated with a reduced risk of high-hyperdiploid ALL (OR: 0.40, 
95% CI: 0.17-0.96, p = 0.040). These are new findings for the CCLS, as a previous report 
showed no association between any duration of breastfeeding and risk of ALL. 
 
Our results are supported by other studies that showed breastfeeding for greater than 6 months is 
significantly associated with a decreased risk of ALL. The United Kingdom Childhood Cancer 
Study (UKCSS) reported that infants breastfed for 6 months, compared to never, had an OR of 
0.65 (95% CI: 0.43–1.0)15. A meta-analysis by Beral et al. reported an OR for 6 months of 
breastfeeding of 0.78 (95% CI: 0.71–0.85), compared to less than 6 months. A meta-analysis by 
Kwan et al. showed that breastfeeding for greater than 6 months compared to less than 6 months 
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of breastfeeding was associated with a reduced odds of ALL (OR: 0.76; 95% CI: 0.68 – 
0.84)16,23.  
 
The association between breastfeeding and reduced risk of high-hyperdiploid ALL is also 
indirectly supported by a recent study that showed that high-hyperdiploid ALL was strongly 
associated with a variant of the class II HLA gene, HLA-DPI, and that this variant also had a 
significant interaction with breastfeeding on the risk of ALL (Pinteraction = 0.094)24. That is, 
children with the HLA-DP1 supertype who were not breastfed had 3 times the odds of 
developing ALL versus children breastfed and had the HLA-DP1 supertype (OR = 3.04; 95% CI, 
1.26-7.30)24. 
 
With breastfeeding significantly associated with reduced risk of overall ALL and high-
hyperdiploid ALL, we hypothesized that there would be interaction between breastfeeding and 
other protective immune-modulating exposures on risk of overall ALL and ALL subtypes. 
However, none of the interactions were significant. The lack of evidence for interactions 
between breastfeeding with day care child-hours, birth order, birth type, and frequency of 
infections, may be due to limited statistical power from the smaller cell sizes created by 
stratification. 
 
Our results suggest that breastfeeding and other immune-modulating exposures are 
independently associated with a protective effect for overall ALL and its subtypes, specifically 
high-hyperdiploid ALL. The significant association with breastfeeding for 6-12 months, that is 
children that have been breastfed for the full 6 months, suggests that breastfeeding plays a 
significant role in priming an infant’s immune system. This supports the leading hypothesis that 
“priming” the immune system in the early stages of life decreases risk of an aberrant immune 
response to infection later in life, hence decreasing the risk of getting a “second” hit. However, 
another hypothesis could explain the association between breastfeeding and the reduced risk of 
high-hyperdiploid ALL.  
 
High-hyperdiploid ALL, which accounts for 20-30% of childhood ALL, is associated with extra 
chromosomes such as 4, 6, 10, 14, 18, 21 and X, resulting in anywhere from 51-68 chromosomes 
in one hyperdiploid clone25. Often the extra chromosomes result in trisomy, rather than 
tetrasomy25. Studies have shown that all the chromosomes are gained in a single abnormal 
mitosis that occurs prenatally, that is, a high hyperdiploid B-cell is the “first” hit in the process of 
leukemogenesis2,25. High-hyperdiploid B-cells have been shown by several studies to have a 
propensity for apoptosis, which may account for the high cure rates among patients with high-
hyperdiploid ALL26,27. Another hypothesis for the significant protective association between 
breastfeeding and risk of high-hyperdiploid ALL is that early and constant immune priming 
through breastfeeding in the critical first 6 months of life causes stimulation of B-cells, and the 
replication of the high-hyperdiploid B-cell clone triggers apoptosis since many of the trisomic 
chromosome copies can not be viably sustained during mitotic divisions. This hypothesis may be 
extended to other immune-modulating exposures, such as birth type, where vaginal birthing 
exposes the infant to vaginal microflora that then play a role in immune stimulation and 
inducement of apoptosis among the high-hyperdiploid B-cells. One way of further testing this 
hypothesis is to examine whether the Ras oncogene mutation, shown to be a “second hit” in the 
genesis of high-hyperdiploid ALL, varies at all by breastfeeding status among cases of high-
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hyperdiploid ALL28,29. The association of reduced risk of high-hyperdiploid ALL with being 
breastfed for greater than 6 months is quite interesting, and it is plausible that immune system 
priming in the first 6 months of life through breastfeeding may negatively select against the 
hyperdiploid B-cells, hence preventing the development of secondary mutations such as Ras 
oncogene. 
 
Our study presents several strengths and limitations. An inherent limitation of the CCLS is recall 
bias. The exposure histories were obtained by self-report from the parent/guardian, and after 
diagnosis. This is a potential drawback of any case-control study since biologic mothers of cases 
may recall certain exposures differently and may be more influenced by the knowledge of their 
child’s diagnosis than biologic mothers of controls. CCLS attempted to minimize reporting 
differences by mailing preparatory materials to serve as ‘aid memoires’ for the respondents prior 
to the in-home interview. Furthermore, this analysis is limited by the fact that not all cases had 
matched controls, and were dropped by the conditional logistic regression model. There were 
117 cases dropped from the analysis that did not have a matching control, in addition to 53 cases 
being excluded who breastfed for >1 year, leading to a final sample of 669 cases. This created a 
reduction in power when running the analyses by subtypes of ALL.   
 
Strengths of the CCLS include a population-based selection of controls and detailed exposure 
assessment. The method of selecting controls from the population-based statewide birth registry 
ensures that controls are identified from the same study base as cases (as detailed above). In 
addition, by controlling for socioeconomic status through the demographic variables, as well as 
for immune-related factors, and smoking, this study truly aimed to isolate the effect of 
breastfeeding on risk of ALL, eliminating other potential confounders and contributors to ALL. 
 
In conclusion, this investigation was a comprehensive examination of breastfeeding patterns and 
the risk of childhood ALL and its three common subtypes in a population-based case-control 
study. We observed a significantly reduced risk of overall childhood ALL among participants 
who were breastfed for 6-12 months compared to those who were never breastfed or were 
breastfed for less than 6 months. In addition, we found a significantly reduced risk of high-
hyperdiploid ALL among children breastfeed for 6-12 months compared to less than 6 months. 
No significant association between breastfeeding and risk of the c-ALL or TEL-AML1 ALL 
subtypes was observed. Overall, our results support the hypothesis that breastfeeding protects 
against the risk of childhood ALL. 
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Tables  

Table 1A  
Demographic and select characteristics of cases and control participating in 
CCLS (1995-2008) for Acute Lymphoblastic Leukemia (ALL) 
 
 ALL  

 

Cases  
n =  669 
n (%) 

Controls  
n = 925 
n (%) 

p value cases 
vs. controlsa 

Child's sex   -b 
Female 289 (43.2) 392 (42.4)   
Male 380 (56.8) 533 (57.6)   

Child age at diagnosis     -b 

1 year 58 (8.67) 77 (8.32)   
2-5 years 384 (57.4) 543 (58.7)   

6-10 years 152 (22.7) 206 (22.3)   
11-14 years 72 (10.8) 95 (10.27)   

Missing 3 (0.5) 4 (0.4)   
Mean ± SD  5.6 ± 3.4  5.6 ± 3.4   

Child’s ethnicity     -b 
Hispanic 309 (46.2) 422 (45.6)   

Non-Hispanic white 243 (36.3) 352 (38.1)   
Non-Hispanic other 116 (17.3) 151 (16.3)   

Maternal race     -b 
White/Caucasian 355 (53.1) 482 (52.1)   
African American 19 (2.8) 23 (2.5)   
Native American 8 (1.2) 5 (0.5)   

Asian/Pacific Islander 60 (8.9) 68 (7.4)   
Mixed/others 210 (32.7) 344 (37.2)   

Missing 8 (1.2) 3 (0.3)   
Mother’s age at child’s birth     0.123 

<20 years 63 (9.4) 74 (8.0)   
20-24 years 164 (24.5) 178 (19.2)   
25-29 years 167 (24.9) 260 (28.1)   
30-34 years 169 (25.3) 249 (26.9)   
35-39 years 84 (12.6) 127 (13.7)   
≥40 years 19 (2.8) 36 (3.9)   
Missing 3 (0.5) 1 (0.1)   

Mean ± SD 27.7 ± 6.3 28.5 ± 6.1   
Mother’s education      0.001 

Less than high school 296 (44.3) 334 (36.1)   
High school/some college 190 (28.4) 290 (31.4)   

Bachelor's degree or higher 183 (27.4) 301 (32.5)   
Annual household income      <0.001 

<$15,000 109 (16.3) 94 (10.2)   
$15,000-29,999 113 (16.9) 118 (12.8)   
$30,000-44,999 109 (16.3) 119 (12.9)   
$45,000-59,999 104 (15.6) 129 (13.9)   
$60,000-74,999 49 (7.3) 97 (10.5)   
≥$75,000 185 (27.6) 368 (39.8)   

Child’s birth weight (grams)     0.046 
<2500 39 (5.8) 50 (5.4)   

2500-3999 495 (74.0) 721 (77.9)   
≥4000 121 (18.1) 134 (14.5)   

Missing 14 (2.1) 20 (2.2)   
Mean ± SD 3448.9 ± 644.0 3419.6 ± 579.1   

Parental smoking (mother or father ever smoked)     0.008 
No 273 (40.8) 440 (47.6)    
Yes 396 (59.2) 484 (52.3)   

Missing 0 1 (0.1)   
 
ap-values calculated using conditional logistic regression 
bMatching variables; p-value not calculated for variables used in matching  
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Table 1B 
Demographic and select characteristics of cases and control participating in CCLS (1995-2008) for three 
ALL subtypes 
 

  c-ALL ALL (TEL-AML1) ALL (high-hyperdiploid) 

 
Cases  

n = 312 
n (%) 

Controls 
n = 443 
n (%) 

p value 
cases vs. 
controlsa 

Cases  
n = 120 
n (%) 

Controls 
n = 169 
n (%) 

p value 
cases vs. 
controlsa 

Cases  
n = 194 
n (%) 

Controls 
n = 271 
n (%) 

p value 
cases vs. 
controlsa 

Child's sex     -b   -b     -b 
Female 138 (44.2) 191 (43.1)   49 (40.8) 65 (38.5)   94 (48.5) 125 (46.1)   
Male 174 (55.8) 252 (56.9)   71 (59.2) 104 (61.5)   109 (51.5) 146 (53.9)   

Child age at diagnosis     -b   -b     -b 

1 year - -   9 (7.5) 12 (7.1)   13 (6.7) 18 (6.6)   
2-5 years 310 (99.4) 440 (99.6)   95 (79.2) 134 (79.3)   127 (65.5) 181 (66.8)   

6-10 years - -   12 (10.0) 17 (10.1)   40 (20.6) 56 (22.7)   
11-14 years - -   4 (3.3) 6 (3.6)   13 (6.7) 15 (5.5)   

Missing 2 (0.6) 3 (0.7)   0 (0) 0 (0)   1 (0.5) 1 (0.4)   
Mean ± SD 3.8 ± 1.1 3.8 ± 1.1   4.3 ± 2.3 4.4 ± 2.5   5.2 ± 3.0 5.1 ± 2.9   

Child’s ethnicity     -b   -b     -b 
Hispanic 150 (48.1) 205 (46.3)   39 (32.5) 51 (30.2)   93 (47.9) 133 (49.1)   

Non-Hispanic white 109 (34.9) 166 (37.5)   52 (43.3) 82 (48.5)   67 (34.5) 95 (35.1)   
Non-Hispanic other 52 (16.7) 72 (16.3)   29 (24.2) 36 (21.3)   34 (17.5) 43 (15.9)   

Maternal race      -b   -b     -b 
White/Caucasian 164 (52.6) 227 (51.2)   69 (57.5) 100 (59.2)  100 (51.5) 132 (48.7)   
African American 6 (1.9) 7 (.6)   3 (2.5) 5 (2.9)   5 (2.6) 6 (2.2)   
Native American 6 (1.9) 2 (0.5)   1 (0.8) 0 (0)  4 (2.06) 4 (1.5)   

Asian/Pacific Islander 33 (10.6) 40 (9.0)   12 (10.0) 20 (11.8)  20 (10.3) 20 (7.4)   
Mixed/others 100 (32.1) 165 (37.3)   34 (28.3) 44 (26.0)  64 (33.0) 108 (39.8)   

Missing 3 (1.0) 2(0.5)   1 (0.8) 0 (0)  1 (0.4) 1 (0.75)   
Mother’s age at child’s 
birth     0.639   0.441     0.052 

<20 years 28 (9.0) 30 (6.8)   11 (9.2) 10 (5.9)  15 (7.7) 17 (6.3)   
20-24 years 73 (23.4) 92 (20.8)   25 (20.8) 39 (23.1)  53 (27.3) 45 (16.6)   
25-29 years 81 (26.0) 132 (29.8)   36 (30.0) 39 (23.1)  46 (23.7) 79 (29.2)   
30-34 years 82 (26.3) 110 (24.8)   31 (25.8) 50 (29.6)  47 (24.2) 63 (23.3)   
35-39 years 42 (13.5) 61 (13.8)   15 (12.5) 21 (12.4)  29 (14.9) 56 (20.7)   
≥40 years 6 (1.9) 17 (3.8)   2 (1.7) 10 (5.9)  4 (2.1) 10 (3.7)   
Missing 0 (0) 1 (0.2)      1 (0) 1 (0.4)   

Mean ± SD 27.7 ± 6.2 28.5 ± 6.1   27.9 ± 5.9 28.9 ± 6.6  27.8 ± 6.3 29.3 ± 6.1   
Mother’s education      0.234   0.781     0.217 

Less than high school 135 (43.3) 160 (36.1)   43 (35.8) 52 (30.8)  87 (44.8) 104 (38.4)   
High school/some college 84 (26.9) 140 (31.6)   34 (28.3) 55 (32.5)  55 (28.4) 80 (29.5)   

Bachelor's degree or higher 93 (29.8) 143 (32.3)   43 (35.8) 62 (36.7)  52 (26.8) 87 (32.1)   
Annual household income      <0.001   0.002     0.151 

<$15,000 55 (17.6) 43 (9.7)   17 (14.2) 18 (10.6)  27 (13.9.3) 34 (12.6)   
$15,000-29,999 50 (16.0) 55 (12.4)   25 (20.8) 16 (9.5)  30 (15.5) 35 (12.9)   
$30,000-44,999 53 (17.0) 56 (12.6)   12 (10.0) 25 (14.8)  36 (18.7) 36 (13.3)   
$45,000-59,999 49 (15.7) 65 (14.7)   21 (17.5) 16 (9.5)  31 (15.9) 38 (14.0)   
$60,000-74,999 18 (5.8) 40 (9.0)   3 (2.5) 14 (8.3)  16 (8.3) 23 (8.5)   
≥$75,000 87 (27.9) 184 (41.5)   42 (35.0) 80 (47.3)  54 (27.8) 105 (38.7)   

Child’s birth weight 
(grams)     0.234   0.637     0.016 

<2500 19 (6.1) 24 (5.4)   2 (1.7) 4 (2.4)  7 (3.6) 23 (8.1)   
2500-3999 234 (75.0) 349 (78.8)   96 (80.0) 139 (82.3)  144 (74.2) 207 (76.4)   
≥4000 56 (17.9) 60 (13.5)   21 (17.5) 23 (13.6)  42 (21.7) 32 (11.8)   

Missing 3 (1.0) 10 (2.3)   1 (0.8) 3 (1.8)  1 (0.5) 10 (3.7)   
Mean ± SD 3469 ± 644 3398 ± 602   3521 ± 557 3459 ± 501  3534 ± 613 3340 ± 628   

Parental smoking (mother 
or father ever smoked)     0.032   0.421     0.104 

No 132 (42.3) 224 (50.6)   46 (38.3) 73 (43.2)  87 (44.9) 140 (51.7)   
Yes 180 (57.7) 219 (49.4)   74 (61.7) 96 (56.8)  107 (55.2) 130 (47.9)   

ap-values calculated using conditional logistic regression 
bMatching variables; p-value not calculated for variables used in matching 
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Table 2B  
Immune-modulating exposures and frequency of infections among cases and controls 
participating in CCLS (1995-2008) for subtypes of ALL  
 

 

c-ALL TEL-AML1 High hyperdiploid ALL 
Cases 

n = 312 
n (%) 

Controls 
n = 443 
n (%) 

p value 
cases vs. 
controlsa 

Cases 
n = 120 
n (%) 

Controls 
n = 169 
n (%) 

p value 
cases vs. 
controlsa 

Cases 
n = 194 
n (%) 

Controls 
n = 271 
n (%) 

p value 
cases vs. 
controlsa 

Day care by age 6 
months (thousand 
child-hours)   0.350   0.123   0.200 

<2000 291 (93.3) 400 (90.3) 
 

115 (95.8) 154 (91.1) 
 

186 (95.9) 248 (91.5) 
 ≥ 2000 21 (6.7) 40 (9.0) 

 
5 (4.2) 15 (8.9) 

 
8 (4.1) 21 (7.7) 

 Missing 0 (0) 3 (0.7) 
 

0 (0) 0 (0) 
 

0 (0) 2 (0.7) 
 Continuous  

(Mean ± SD) 340 ±1227 479 ± 1486 

 

282 ± 889 608 ± 1836 

 

190 ± 843 407 ± 1374 

 Birth order   0.854   0.635     0.127 
Firstborn or only child 230 (73.7) 329 (74.3) 

 
87 (72.5) 120 (71.0) 

 
148 (76.3) 189 (69.7) 

 Not-firstborn 79 (25.3) 111 (25.1) 
 

31 (25.8) 47 (27.8) 
 

45 (23.2) 77 (28.4) 
 Missing 3 (1.0) 3 (0.7) 

 
2 (1.7) 2 (1.2) 

 
1 (0.5) 5 (1.9) 

 Mean ± SD 0.9 ± 1.1 1.0 ± 1.1 
 

0.9 ± 1.1 1.0 ± 1.04 
 

0.9 ± 1.1 1.1 ± 1.3 
 Birth type   0.317     0.383     0.095 

Cesarean Section 75 (24.0) 103 (23.3) 
 

32 (26.7) 42 (24.8) 
 

47 (24.2) 55 (20.3) 
 Vaginal 209 (67.0) 334 (75.4) 

 
76 (63.3) 123 (72.8) 

 
122 (62.9) 199 (73.4) 

 Missing 28 (9.0) 6 (1.4) 
 

12 (10.0) 4 (2.4) 
 

25 (12.9) 17 (6.3) 
 Total times ill in first 

6 months   0.175   0.572   0.097   
< 5 times 286 (91.7) 415 (93.7) 

 
110 (91.7) 158 (93.5) 

 
175 (90.2) 252 (93.0) 

 ≥ 5 times 26 (8.3) 28 (6.3) 
 

10 (8.3) 11 (6.5) 
 

19 (9.8) 19 (7.0) 
 Mean ± SD 1.6 ± 4.7 1.3 ± 3.1 

 
1.7 ± 4.0 1.2 ± 3.1 

 
1.5 ± 3.2 1.3 ± 2.9 

 ap-values calculated using conditional logistic regression 
 

Table 2A  
Immune-modulating exposures and frequency of 
infections among cases and controls participating in 
CCLS (1995-2008) for ALL  
 

 ALL 

 

Cases 
n = 669 
n (%) 

Controls 
n = 925 
n (%) 

p value cases vs. 
controlsa 

Day care by age 6 
months (thousand child-

hours)   0.106 
<2000 629 (94.0) 844 (91.2) 

 ≥ 2000 39 (5.8) 78 (8.4) 
 Missing 1 (0.2) 3 (0.3) 
 Mean ± SD 324 ± 1282 469 ± 1477 
 Birth order   0.406 

Firstborn or only child 493 (73.7) 677 (73.2) 
 Not-firstborn 164 (24.5) 234 (25.3) 
 Missing 12 (1.8) 14 (1.5) 
 Mean ± SD 0.97 ± 1.24 1.03 ± 1.16 
 Birth type   0.047 

Cesarean Section 150 (22.4) 191 (20.6) 
 Vaginal 431 (64.4) 679 (73.4) 
 Missing 88 (13.2) 55 (6.0) 
 Total times ill in first 6 

months   0.146   
< 5 times 612 (91.5) 865 (93.5) 

 ≥ 5 times 57 (8.5) 59 (6.4) 
 Mean ± SD 1.55 ± 4.15 1.26 ± 3.13 
 ap-values calculated using conditional logistic regression  
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Table 3A  
Breastfeeding among cases and controls participating in CCLS (1995-2008) for ALL and 
subtypes of ALL  

 
Duration of 

breastfeeding ALL c-ALL TEL-AML1 High hyperdiploid ALL 

 

Cases 
n = 669 
n (%) 

Controls 
n = 925 
n (%) 

Cases 
n = 312 
n (%) 

Controls 
n = 443 
n (%) 

Cases 
n = 120 
n (%) 

Controls 
n = 169 
n (%) 

Cases 
n = 194 
n (%) 

Controls 
n = 271 
n (%) 

Never 65 (9.7) 63 (6.8) 22 (7.1) 34 (7.7) 9 (7.5) 9 (5.3) 16 (8.3) 18 (6.6) 
<6 months 176 (26.3) 188 (20.3) 95 (30.4) 107 (24.2) 32 (26.7) 39 (23.1) 52 (26.8) 44(16.2) 

6-12 months 428 (64.0) 674 (72.9) 195 (62.5) 302 (68.2) 79 (65.8) 121 (71.6) 126 (66.0) 209 (77.1) 
Mean ± SD (weeks) 28.4 ± 16.2 31.2 ± 14.5 27.9 ± 16.2 29.6 ± 15.2 28.6 ± 16.5 30.7 ± 14.9 28.4 ± 15.8 31.9 ± 13.9 

Table 3B  
Unadjusted models of breastfeeding patterns on risk of ALL among CCLS participants 
(1995-2008) 
 

 
 ALL c-ALL ALL (TEL-AML1) ALL (High Hyperdiploidy) 

 OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value 
Breastfeeding 

never/ever 0.63 (0.40, 0.99) 0.048 0.91 (0.49, 1.67) 0.754 0.86 (0.30, 2.49) 0.787 0.65 (0.30, 1.44) 0.291 

Breastfeeding 
continuous 0.98 (0.97, 0.99) 0.001 0.99 (0.97, 1.00) 0.121 0.99 (0.96, 1.01) 0.347 0.98 (0.96, 1.00) 0.025 

Duration of 
breastfeeding         

Never   1 (ref)  1 (ref)  1 (ref)  
<6 months 0.83 (0.52, 1.36) 0.477 1.13 (0.59, 2.18) 0.708 1.07 (0.33, 3.42) 0.91 0.98 (0.41, 2.32) 0.961 

6-12 months 0.40 (0.23, 0.68) 0.001 0.64 (0.31, 1.29) 0.212 0.65 (0.19, 2.23) 0.497 0.37 (0.14, 0.96) 0.04 
Overall test 
(p-value) - 0.0004 - 0.1232 - 0.6311 -  

0.0304 
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Table 4A  
Breastfeeding and risk of ALL, adjusting for immune-related factors, 
demographics, and smoking 
 

 
 

ALL 
OR (95% CI) P-value 

Duration of breastfeeding   Never 1 (ref)  <6 months 0.89 (0.49, 1.61) 0.695 
6-12 months 0.49 (0.26, 0.95) 0.033 

Overall test (p-value) - 0.0331 
Day care by age 6 months 0.62 (0.37, 1.04) 0.069 

Birth order 0.80 (0.57, 1.11) 0.187 
Birth type 0.74 (0.55, 0.99) 0.044 

Total times ill in first 6 months 1.53 (0.94, 2.48) 0.086 
Mother’s age at child’s birth   

<20 years 1 (ref)  20-24 years 1.12 (0.68, 1.82) 0.664 
25-29 years 0.98 (0.61, 1.60) 0.949 
30-34 years 1.15 (0.67, 1.96) 0.609 
35-39 years 1.27 (0.69, 2.31) 0.432 
≥40 years 0.85 (0.38, 1.94) 0.713 

Overall test (p-value)  0.8135 
Mother’s education   Less than high school 1 (ref)  High school/some college 0.80 (0.57, 1.12) 0.195 

Bachelor's degree or higher 1.07 (0.69, 1.64) 0.752 
Overall test (p-value  0.208 

Annual household income   <$15,000 1 (ref)  
$15,000-29,999 0.81 (0.51, 1.28) 0.368 
$30,000-44,999 0.77 (0.48, 1.25) 0.3 
$45,000-59,999 0.58 (0.35, 0.95) 0.032 
$60,000-74,999 0.32 (0.18, 0.58) <0.001 
≥$75,000 0.28 (0.17, 0.47) <0.001 

Overall test (p-value  <0.001 
Child’s birth weight (grams)   <2500 1 (ref)  2500-3999 0.78 (0.46, 1.32) 0.351 

≥4000 1.09 (0.60, 1.95) 0.784 
Overall test (p-value  0.126 

Parental smoking (mother or father ever smoked) 1.07 (0.83, 1.39) 0.584 
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Table 4B  
Breastfeeding and risk of common ALL subtypes, adjusting for adjusting for immune-
related factors, demographics, and smoking  
 

 c-ALL TEL-AML1 ALL (High Hyperdiploidy) 

 OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value 
Duration of breastfeeding       Never 1 (ref)  1 (ref)  1 (ref)  

<6 months 1.41 (0.66, 3.01) 0.371 1.21 (0.26, 5.54) 0.806 0.97 (0.28, 3.31) 0.957 
6-12 months 0.66 (0.29, 1.48) 0.316 0.77 (0.15, 4.09) 0.763 0.42 (0.12, 1.50) 0.180 

Overall test (p-value) - 0.077 - 0.823 - 0.177 
Day care by age 6 months 0.65 (0.32, 1.34) 0.241 0.20 (0.04, 0.99) 0.049 0.36 (0.11, 1.22) 0.102 

Birth order 0.98 (0.61, 1.59) 0.937 0.72 (0.31, 1.68) 0.444 0.50 (0.25, 1.00) 0.051 
Birth type 0.79 (0.52, 1.19) 0.263 0.86 (0.44, 1.68) 0.667 0.51 (0.27, 0.96) 0.038 

Total times ill in first 6 months 1.65 (0.82, 3.34) 0.163 1.29 (0.37, 4.49) 0.687 2.17 (0.88, 5.39) 0.093 
Mother’s age at child’s birth       <20 years 1 (ref)  1 (ref)  1 (ref)  20-24 years 0.61 (0.29, 1.27) 0.188 0.34 (0.09, 1.28) 0.111 2.06 (0.69, 6.11) 0.191 

25-29 years 0.75 (0.36 1.54) 0.441 0.59 (0.17, 2.03) 0.406 1.03 (0.36, 2.92) 0.957 
30-34 years 0.80 (0.36, 1.79) 0.594 0.52 (0.13, 2.14) 0.368 1.92 (0.59, 6.29) 0.278 
35-39 years 1.01 (0.43, 2.39) 0.972 0.92 (0.19, 4.29) 0.919 1.08 (0.32, 3.66) 0.897 
≥40 years 0.42 (0.11, 1.56) 0.195 0.22 (0.02, 1.96) 0.176 1.11 (0.18, 6.84) 0.910 

Overall test (p-value)  0.454  0.323  0.298 
Mother’s education       Less than high school 1 (ref)  1 (ref)  1 (ref)  

High school/some college 0.98 (0.61, 1.58) 0.957 0.88 (0.35, 2.18)  0.782 0.88 (0.46, 1.68) 0.72 
Bachelor's degree or higher 1.75 (0.93, 3.28) 0.079 1.84 (0.64, 5.24) 0.251 1.09 (0.46, 2.57) 0.839 

Overall test (p-value  0.102  0.260  0.850 
Annual household income       <$15,000 1 (ref)  1 (ref)  1 (ref)  

$15,000-29,999 0.60 (0.30, 1.19) 0.145 1.31 (0.41, 4.12) 0.648 1.26 (0.46, 3.43) 0.645 
$30,000-44,999 0.68 (0.33, 1.42) 0.309 0.52 (0.14, 1.98) 0.340 1.72 (0.63, 4.63) 0.285 
$45,000-59,999 0.49 (0.24, 0.99) 0.05 0.90 (0.25, 3.17) 0.873 0.91 (0.34, 2.40) 0.855 
$60,000-74,999 0.21 (0.08, 0.54) 0.001 0.21 (0.03, 1.25) 0.087 0.55 (0.17, 1.80) 0.329 
≥$75,000 0.18 (0.08, 0.38) <0.001 0.30 (0.08, 1.069) 0.087 0.46 (0.16, 1.30) 0.145 

Overall test (p-value  <0.001  0.146  0.151 
Child’s birth weight (grams)       

<2500 1 (ref)  1 (ref)  1 (ref)  2500-3999 0.71 (0.33, 1.54) 0.398 1.73 (0.23, 12.86) 0.592 2.27 (0.76, 6.79) 0.139 
≥4000 1.11 (0.48, 2.57) 0.797 1.88 (0.22, 15.77) 0.560 3.36 (0.99, 11.33) 0.050 

Overall test (p-value)  0.200  0.844  0.140 
Parental smoking (mother or 

father ever smoked) (no vs. yes) 1. 26 (0.85, 1.85) 0.24 0.83 (0.39, 1.79) 0.647 1.19 (0.71, 2.01) 0.505 

 
 

 
 
 
 

Table 5A 
Breastfeeding (as binary variable) and risk of common ALL subtypes,  adjusting for immune-related 
factors, demographics*, and smoking 
 

 c-ALL  TEL-AML1  ALL (High Hyperdiploidy) 

 OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value 
Breastfeeding (<6 months vs. ≥ 6 months) 0.56 (0.31, 1.02) 0.059 0.71 (0.20, 2.52) 0.598 0.40 (0.17, 0.96) 0.040 

Day care by age 6 months  0.69 (0.35, 1.39) 0.306 0.23 (0.0.5 1.03) 0.054 0.35 (0.11, 1.15) 0.083 
Birth order 0.96 (0.62, 1.48) 0.868 0.69 (0.33, 1.44) 0.324 0.45 (0.24, 0.86) 0.015 
Birth type 0.77 (0.51, 1.15) 0.205 0.81 (0.43, 1.50) 0.501 0.52 (0.28, 0.97) 0.039 

Total times ill in first 6 months 1.77 (0.88, 3.57) 0.110 1.25 (0.38, 4.16) 0.370 2.19 (0.89, 5.37) 0.086 
*mother’s age at child’s birth, maternal education, income, child’s birthweight 
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Breastfeeding and risk of ALL, adjusting for birth type and income* only 
 

 ALL 

 OR (95% CI) P-value 
Duration of breastfeeding   

Never 1 (ref)  
<6 months 0.81 (0.46, 1.43) 0.469 

6-12 months 0.51 (0.27, 0.93) 0.029 
Overall test (p-value) - 0.0492 

Birth type 0.72 (0.55, 0.95) 0.020 
*Adjusting for only significant variables in the model, birth type and income  
Income overall test p <0.001 
 

Breastfeeding (as binary variable) and risk of ALL adjusting for immune-related factors, 
demographics*, and smoking   
 

 ALL 

 OR (95% CI) P-value 
Breastfeeding (<6 months vs. ≥ 6 months) 0.55 (0.34, 0.88) 0.012 

Day care by age 6 months  0.62 (0.37, 1.03) 0.064 
Birth order 0.81 (0.6, 1.09) 0.173 
Birth type 0.73 (0.55, 0.98) 0.038 

Total times ill in first 6 months 1.51 (0.93, 2.45) 0.093 
*mother’s age at child’s birth, maternal education, income, child’s birthweight 
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Breastfeeding among non-Hispanic white and Hispanic ALL cases and controls participating in 
CCLS 1995-2008, adjusting for immune-related factors, demographics*, and smoking 
 

  Non-Hispanic White Hispanic  

 Cases Controls 
OR (95% CI) P-

value 

Cases Controls 
OR (95% CI) P-

value   n = 243 n = 352  n = 309 n =  422 
    n (%) n (%)   n (%) n (%) 

Duration of breastfeeding         
Never 24 (9.9) 20 (5.7) 1 (ref)  32 (10.4) 33 (7.8) 1 (ref)  

<6 months  70 (28.8) 73 (20.7) 0.63 (0.21, 1.88) 0.415 76 (24.6) 87 (20.6) 0.63 (0.26, 1.57) 0.324 
6-12 months  149 (61.3) 259 (73.6) 0.62 (0.20, 1.91) 0.407 201 (65.1) 302 (71.6) 0.34 (0.12, 0.96) 0.042 
Overall test    0.6755    0.1056 

Day care by age 6 months 222 (91.4) 305 (86.7) 0.41 (0.18, 0.95) 0.037 296 (95.8) 401 (95.0) 1.61 (0.58, 4.48) 0.355 
 21 (8.6) 46 (13.1)   12 (3.9) 19 (4.5)   

 0 (0) 1 (0.2)   1 (0.3) 2 (0.5)   
Birth order 196 (80.7) 264 (75.0) 0.41 (0.22, 0.77) 0.006 205 (66.3) 295 (69.9) 1.19 (0.79, 1.80) 0.391 

 45 (18.5) 82 (23.3)   100 (32.4) 122 (28.9)   
 2 (0.8) 6 (1.7)   4 (1.3) 5 (1.2)   

Birth type 56 (23.1) 74 (21.0) 0.51 (0.29, 0.89) 0.020 66 (21.4) 77 (18.3) 0.78 (0.49, 1.23) 0.294 
 149 (61.3) 252 (71.6)   208 (67.3) 321 (76.1)   
 38 (15.6) 26 (7.4)   35 (11.3) 24 (5.7)   

Total times ill in first 6 
months 226 (93.0) 328 (93.2) 1.13 (0.42, 3.08) 0.809 283 (91.6) 389 (92.2) 0.96 (0.49, 1.89) 0.923 

 17 (7.0) 24 (6.8)   26 (8.4) 32 (7.6)   
     0 (0) 1 (0.3)   

*mother’s age at child’s birth, maternal education, income, child’s birthweight 
Side note:  
Binary breastfeeding (less 6 months (0) vs. >6 months breastfeeding (1), controlling for immune-modulating factors and demographics: 
Hispanics: OR 0.49; 95% CI: 0.23-1.02; P-value 0.058 
Non-Hispanic Whites: OR: 0.87; 95% CI: 0.40 -1.88; P-value 0.725 




