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Background: Breast-feeding is well
known to have a protective effect
against infection in infants. Although
the long-term effects of breast-feeding
on childhood cancer have not been
studied extensively, a protective effect
against childhood Hodgkin’s disease
and lymphoma has been suggested pre-
viously from small investigations. In
this study, we tested the hypothesis that
breast-feeding decreases the risk of
childhood acute leukemia.Methods: A
total of 1744 children with acute lym-
phoblastic leukemia (ALL) and 1879
matched control subjects, aged 1-14
years, and 456 children with acute my-
eloid leukemia (AML) and 539
matched control subjects, aged 1-17
years, were included in the analysis. In-
formation regarding breast-feeding
was obtained through telephone inter-
views with mothers. All leukemias com-
bined, histologic type of leukemia (ALL
versus AML), immunophenotype of
ALL (early pre-B cell, pre-B cell, or T
cell), and morphology of AML were as-
sessed separately in the data analysis.
Results: Ever having breast-fed was
found to be associated with a 21% re-
duction in risk of childhood acute leu-
kemias (odds ratio [OR] for all types
combined = 0.79; 95% confidence in-
terval [CI] = 0.70-0.91). A reduction in
risk was seen separately for AML (OR
=0.77; 95% CI = 0.57-1.03) and ALL
(OR =0.80; 95% CI = 0.69-0.93). The
inverse associations were stronger with
longer duration of breast-feeding for
total ALL and AML; for MO, M1, and
M2 morphologic subtypes of AML; and
for early pre-B-cell ALL. Conclusion:
In this study, breast-feeding was asso-
ciated with a reduced risk of childhood
acute leukemia. If confirmed in addi-
tional epidemiologic studies, our find-
ings suggest that future epidemiologic
and experimental efforts should be di-
rected at investigating the anti-infective
and/or immune-stimulatory or im-
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mune-modulating effects of breast- months after the diagnosis. The remaining case sub-
feeding on leukemogenesis in children. jects were unable to be interviewed because of phy-

.01 - o sician refusal (AML: 4%; ALL: 2%), parental re-
[J Nad Cancer Inst 1999;91:1765-72] fusal (AML: 8%; ALL: 3%), or other reasons (AML:

4%; ALL: 3%). Cell lineage of lymphoblastic leu-
Leukemia is the most common child-kemia case subjects was assigned at the institution
hood malignancy in Western countriesand centrally evaluated with the use of a standard

and accounts for one third of all Cancer§ane| of monoclonal antibodigd5). The French—

Occurring in children under the age of 15American—British classification of myeloid leuke-
mias(16) was also assigned through central review.

years(l). Despite studies Conduc_ted over After each case subject was interviewed, a control
more than four decades, the etiology Ofypject was selected with the use of a previously
childhood leukemia remains largely un-described random-digit-dialing procedyfs). Con-

known. Established risk factors can exirol subjects were individually matched to case sub-
plain only a very small proportion of jects on age at diagnosis (within 25% of the age at
childhood Ieukemia$2). diagnosis of the case subject), on geographic loca-

Breast-feeding has Iong been reco t_|on_(te|ephone a_lreacode apd exchange),aqd onrace
ized h i_infecti di (white or nonwhite). The ratio of control subjects to
nize tO_ ave anti-in ec_t|ve and immune-,q. subjects was generally 1:1 for both studies,
modulating eff_eCtS on infant3—10). A except for certain rare subgroups of AML (2: 1 for
few small studieg11-13)have suggested rare morphologic subgroups, i.e., M3 [acute promy-

that breast-feeding may protect childrerlocytic leukemia], M6 [acute erythroleukemia], M7
from developing Hodgkin's disease and]acute megakaryoblastic/megakaryocytic leukemial,
or lymphoma. As part of a large, Compre-a”d myelodysplastic syndromes) and ALL (2:1 for

. : . . T-cell ALL). As with case subjects, there had to be
hensive program of study to identify risk . SO

. : a telephone in the control subject’s residence and an

faCtor_S for acute Ch'!dhoc’d leukemia, Wegygjish-speaking, biologic mother had to be avail-
examme‘j the association between breasthie for interview. Telephone interviews with moth-
feeding and the development of acuters were completed for 610 eligible control subjects
myeloid leukemia (AML) and acute |ym- matched to AML case subjects (79%) and for 1986
phoblastic leukemia (ALL) in two case—_éligible control subjects matched to ALL case sub-

; i :1_jects (77%), which resulted in 517 matched sets for
g?ggglg;%gfrsGi%ﬁf?c%ué)by the Chil AML (426 sets of 1: 1 match, 89 sets of 1: 2 match,

and two sets of 1:3 match) and 1842 matched sets
for ALL (1704 sets of 1:1 match, 132 sets of 1:2
match, and six sets of 1: 3 match), respectively. Pa-
rental refusal accounted for the majority of nonpar-
ticipation among control subjects (18% for both
AML and ALL).

The CCG is a cooperative clinical trials group  aAccumulating evidence increasingly indicates
with approximately 118 member and affiliated insti-that infant leukemia (defined as leukemia in the first
tutions in the United States, Canada, and Australiayear of life) arisesn uteroand that postnatal expo-
The CCG treats approximately 50% of all pediatricsure(s) are unlikely to play an etiologic ro(@8).
cancer patients throughout the United Sta®4). e, therefore, excluded from this report all subjects
From 1989 through 1993, children who were newlyyyho were under the age of 1 year at diagnosis or

diagnosed with acute leukemia by CCG institutiongeference date (defined as the date of diagnosis for
were enrolled in two large-scale epidemiologic stud-

ies to investigate the etiology of childhood AML and
childhood ALL. Potential participants were identi-
fied through the registration files of the CCG, in-

MATERIALS AND METHODS

Study Population

Affiliations of authors:X. O. Shu, M. Steinbuch,

cluding all diagnosed with AML before age 18 yearsW' Q. Wen, J. P. Neglia, L. L. Robison, Division of

from January 1, 1989, through March 31, 1993, an(?edi_atric Epidemiology_and CIin_icaI Resea_lrch, Uni-
with ALL before age 15 years from January 1, 1989’\/_ers_,|ty of l\_/Ilnne_sota, Mlnneapol|§; M S. Linet, Ra-
through June 15, 1993. Eligibility criteria for the two diation Epidemiology Branch, Division of Cancer

studies were as follows: 1) a telephone in the paI_EpldemloIogy and Genetics, National Cancer Insti-

tient’s residence; 2) availability of an English-t;te’ Be_thei;iadl_\/I_D; J'UD_' Bu_ckleyf, SDepﬁrtmegt I(')f
speaking, biologic mother for interview; and 3) resi- reventive Medicine, University of Southern Cali-

dence in the United States or Canada (for ALL stud)}omla’ Los Angeles; J. D. Potter, Cancer Prevention

only). The investigations were performed with theResearch Program, Fred Hutchinson Cancer Re-

approval of local institutional human subject reviewSearch Center, Seattle, WA; G. H. Reaman, Depart-

boards of the participating institutions in accord with €Nt of Pediatric Hematology/Oncology, Children’s

an assurance filed with and approved by the U.Svational Medical Center, Washington, DC.
Correspondence to present addres§ao Ou

Department of Health and Human Services. Written o .
informed consent was sought from the physician ang_hu' M.D., Ph.D., Pepartment of Pe@gtncs, Unlvgr-
the parents of all eligible study subjects. A total ofS!ty of South Qarollna School 9f Medicine, 15 Medi-
638 AML and 2079 ALL case subjects who met the®N€ Park, Swtg 301, Columbl_a, SC 29203,
eligibility criteria were ascertained from the CCG Address_ repn’nt requests tdtiao Ou Shu, M.D,,
registration files during the study period. Of these,Ph'D"_ Children’s Cancer Group, P. O. Box 60012,
telephone interviews with mothers were complete(f‘rcad"fa’ CA ?1066'601?' )

for 530 eligible AML (83%) and 1914 eligible ALL ~ S¢€"Notes” following “References.

(92%) case subjects and usually occurred 6-® Oxford University Press
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the case subject for each matching control subjecfRESULTS ses (data not shown) or in stratified analy-

and the corresponding matched-pair membgr (61 ) ) . ses (data shown in Table 2), and we found
AML case subjects and 71 AML control subjects ~Of the case subjects included in these

and 98 ALL case subjects and 107 ALL controlanalyses, 42.3% of the AML case subjectno other_ poltedntl(?lgonfounQers (examined
subjects). A total of 456 AML and 1744 ALL case and 64.4% of the ALL case subjects wer actors included diagnostic x-ray expo-

subjects and 2418 matched control subjects (539 fof through 5 years of age; 22.4% of theure, parental occupational exposures,
AML and 1879 for ALL) remained in this study. Ap11 case subjects and 23’4% of the ALLand day care, etc. [data not shown]).

Exclusion from this analysis of children under 1 year - i i-
Y yeal. -se subjects were 6 through 10 years of Overall, children who were ever pri

of age also avoided the potential for misclassifica- ge: the remaining 35.3% of the AMLmar”y breast-fed had a reduced risk of

tion of exposure if breast-feeding was prematurely® | . .
discontinued because of the development of ilneséase subjects were aged 11 through 16hildhood acute leukemia, both AML and

related to leukemia. years, and 12.2% of the ALL case sub£\LL combined (OR= 0.79; 95% ClI=
jects were aged 11 through 14 years a{?.70—0.91) (Table 3). An inverse associa-
Exposure Assessment diagnosis. There were more boys thafOn was also observed for AML (OR=

Information regarding maternal exposures, botfgirIS among both AML (52.6%) and ALL 0.77; 95% C.:I :0 0.57~1.03) and .ALL
preconception and prenatal, and childhood (postnd25.7%) case subjects. (OR = 0.80; 95% (.:l = .0-69—0-93_), an
tal) exposures was collected through a telephone in- Table 1 presents selected characteri§&Ven larger reduction in leukemia risk
terview of mothers of study subjects with the use otics of case and control subjects that havwas seen for children breast-fed for more
a structured questionnaire. Information collected ineen linked to breast-feeding and/othan 6 months (AML: OR= 0.57 [95%
cluded maternal prenatal and perinatal exposurasyjighood leukemia risk in some studiesCl = 0.39-0.84]; ALL: OR= 0.72 [95%
g st iyt o of org 0 et wers mors Il = 060-057). Yinen e uratn o
sure; maternal per’sonal habits (e.;;., smoking antP b€ nonwhite and, on average, were |e§yeast-feed[ng was further categorized
alcohol consumption); residential and occupationaéducated than mothers of control subjecti#to shorter intervals (i.e., 0, 1-3 months,
exposures (e.g., exposures to pesticides or solvent$iy both the AML and the ALL studies. In 4—6 months, 7-9 months, 10-12 months,
and family history of selected diseases (e.g., historgddition, there were more ALL case suband >12 months), leukemia risk tended to
of cancer or congenital malformations). During thejects from lower income families or with decrease with increasing duration of
'%j;"ﬁhwe i?doé:iﬁ";]f Sr.t;iyr.lsfﬁfgffffﬁ ;;':l‘z hirth weight greater than 4000 g com-breast-feeding up to 12 months for ALL
fed?” and “If [the Ch"dpwasl greast_fem how long pared with the control subjects. Mo_thersand .9 months for AML. The risk of leu-
did you breast-feed?” No definition was provided toOf AML case subjects were less likelykemia was also lower, although not sta-
the respondent as part of the question about wheth&ian mothers of control subjects to drinkistically significantly reduced, for chil-
the index child was “primarily breast-fed” during the alcohol during pregnancy. AML risk was dren who were breast-fed for more than
interview. The ending date of breast-feeding wahigher among children whose birth orderl2 months (AML: OR = 0.58 [95%
also obtained. was fourth or higher compared with theCl = 0.31-1.08]; ALL: OR= 0.85 [95%
firstborn child. No statistically significant CI = 0.66-1.11]). Breast-feeding for 1
differences were found between case amtionth was not associated with risk of

Odds ratios (ORs) and 95% confidence interval€ontrol subjects with regard to maternabcute childhood leukemia (data not
(Cls) derived from conditional logistic regressionage at birth of the index child, smokingshown).
models were employed to assess the association bguring pregnancy, employment during in- The association with breast-feeding
tween childhood leukemia and breast-feeding. Dugaey of the index child, or sibship size. was further evaluated according to the
?mymb?;ﬁt_}f:id'E?e":;‘ts_f: (;egl(irézen? ;T&;]Ot; " Ever having been primarily breast-fedmorphologic subtype (French-American-—
breast-fed greater than 6 months according to ca@MONg control subjects in the CCG studBritish classification) of AML and the im-
egories used in earlier studi¢s1-13,19-21and €S was positively and statistically signifi-munophenotype of ALL case subjects
into shorter intervals (e.g., breast-fed 1-3 monthscantly associated with maternal educafTable 4). Children breast-fed for more
4-6 months, 7-9 months, 10-12 months, or >1%ion, family income, maternal age, birththan 6 months had an OR lower than 1 for
months). Children who were breast-fed less than {yejght, birth order of the index child, andall morphologic subgroups of AML. The
ggnéro‘avsrz’lgr%‘;p;‘l 'Rf\jthsiu’;‘;t;;g‘i‘gg fzrreifet'numperof siblings (for the last three charORs, however, were statistically signifi-
ALL study). Tests for linear trend of the association@Cteristics, among the control subjects iwant only for the AML_mor_phoIoglc sub-
were evaluated by treating categorical variables ad1€ ALL study only) (data not shown).types MO (myeloblastic with no matura-
continuous in the model. AP values for trend tests Primarily having been breast-fed (evetion), M1 (myeloblastic with minimal
are two-sided. Analyses were carried out for alversus never) was also statistically sigmaturation), and M2 (myeloblastic with
acute leukemias combined, separately for ALL andhificantly more frequent among whitesmaturation).

AML, and further stratified by immunophenotype (5| | control subjects only), nonsmokers, Breast-feeding for more than 6 months
(ALL case subjects) and morphologic type (AML 5 4 1556 mothers who drank alcohol duwas associated with a statistically signifi-

case subjects). Stratified analyses were conducted ?0 . . o
jects) Y ing the index pregnancy (data not shown)cantly or marginally significantly lower

evaluate the potential confounding and modifyin . . . f
effects of selected sociodemographic characteristi%{o control for any potential confoundingrisk of early pre-B-cell ALL (B-lineage
and postulated risk factors. Confounding effectffom the socioeconomic differences bewmarkers positive, cytoplasmic immuno-
were further examined in the conditional logistic re-tween case and control subjects, we adjlobulin negative) (OR= 0.70; 95%
gression analyses by comparing the OR of breasjysted for maternal education, race, an€l = 0.54-0.92) and pre-B-cell ALL
{ﬁecg‘cﬁio"r"('g‘ i”govr‘]’;g‘lf’:éisdlzzzﬁfwz:;;gg:;%“;d;famin income throughout the remaining(B-lineage markers positive, cytoplasmic
13% differonce in the unad%usted and adjusted OREnalys_es. None of the other characteristiasimunoglobulin positive) (OR= 0.59;
was observed. Effects were considered to be statidSted in Table 1 were found to confound95% CI = 0.35-1.01), but there was a
tically significant atP<.05 or if 95% Cls excluded the relationship between breast-feedingveaker and statistically nonsignificant re-

1.00. and acute leukemia in multivariate analy-duction in risk of T-cell ALL (Table 4).

Statistical Analysis
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Table 1.Risk of acute myeloid leukemia (AML) and acute lymphoblastic leukemia (ALL) associated with demographic, maternal, and
birth-related characteristics*

AML study ALL study
No. of No. of No. of No. of
case subjects  control subjects OR (95% CI)t  case subjects  control subjects OR (95% CI)t

Birth weight, gt

<3000 93 106 1.00 (reference) 305 356 1.00 (reference)

3000-3499 167 187 1.06 (0.74-1.50) 605 649 1.07 (0.88-1.29)

3500-4000 138 170 0.95 (0.65-1.39) 567 638 1.02 (0.84-1.24)

>4000 58 75 0.89 (0.57-1.38) 264 235 1.29 (1.03-1.63)
Maternal education

<High school 210 206 1.00 (reference) 748 725 1.00 (reference)

Some post-high school 150 185 0.78 (0.58-1.06) 561 662 0.79 (0.67-0.93)

College graduate 96 148 0.61 (0.43-0.88) 435 492 0.82 (0.69-0.98)
Family annual income

<$20000 143 180 1.00 (reference) 576 519 1.00 (reference)

$20001-$39 999 226 245 1.16 (0.86-1.57) 733 807 0.79 (0.67-0.93)

=$40000 87 114 0.97 (0.63-1.47) 435 553 0.64 (0.53-0.78)
Maternal race

White 368 455 1.00 (reference) 1463 1667 1.00 (reference)

Other 88 84 1.72 (1.00-2.95) 281 212 2.54 (1.84-3.50)
Mother worked during infancy of

index child

No 243 290 1.00 (reference) 854 876 1.00 (reference)

Yes 213 249 1.01 (0.78-1.31) 890 1003 0.91 (0.80-1.04)
Mother smoked during pregnancy

No 326 392 1.00 (reference) 1232 1357 1.00 (reference)

Yes 130 147 1.05 (0.78-1.41) 512 522 1.09 (0.96-1.27)
Mother drank alcohol during pregnancy

No 321 339 1.00 (reference) 1014 1110 1.00 (reference)

Yes 135 200 0.71 (0.53-0.93) 730 769 1.05 (0.91-1.20)
Maternal age, y+

<25 192 196 1.00 (reference) 606 618 1.00 (reference)

25-29 143 184 0.80 (0.60-1.06) 615 695 0.89 (0.76-1.05)

30-34 85 112 0.78 (0.54-1.13) 388 436 0.90 (0.75-1.08)

=35 36 46 0.78 (0.47-1.28) 135 130 1.03 (0.78-1.35)
No. of siblings

0 a7 59 1.00 (reference) 263 236 1.00 (reference)

1 205 233 1.08 (0.69-1.69) 788 829 0.84 (0.68-1.04)

2 119 167 0.84 (0.52-1.35) 424 526 0.72 (0.57-0.89)

=3 85 80 1.33 (0.80-2.22) 269 288 0.85 (0.66-1.08)
Birth order

First 191 249 1.00 (reference) 730 813 1.00 (reference)

Second 155 186 1.09 (0.82-1.46) 634 659 1.08 (0.93-1.26)

Third 68 69 1.32(0.88-1.97) 242 281 0.97 (0.79-1.18)

Fourth or more 42 35 1.67 (1.02-2.74) 138 126 1.26 (0.96-1.64)

*Subjects under the age of 1 year at diagnosis were excluded from the analysis. Frequencies were obtained for all case and control subjects pooled.
tOdds ratios (ORs) and 95% confidence intervals (Cls) were derived from conditional logistic regression model.
fSubjects in these categories do not sum to the total number of study subjects because of missing data.

Stratified analyses demonstrated n@ase and 768 control subjects) was spgects evaluated, whereas only 1% of chil-
clear evidence of a modifying effect oncifically asked whether the index childdren reported to have never been breast-
the relationship between breast-feedingad ever been breast-fed as opposed fed in the ancillary study were described
and risk of either AML or ALL by ma- “primarily breast-fed” in the main study as having been primarily breast-fed in the
ternal race, maternal education, maternand about the duration of breast-feedingnain study of ALL. For mothers who re-
smoking during pregnancy, maternallThe overall agreement rate for ever/neveported that they breast-fed the index child
drinking during pregnancy, maternal em-breast-fed with primarily breast-fed forin both surveys, the correlation of the du-
ployment during the infancy period, fam-the two surveys among the same childreration of breast-feeding obtained from the
ily annual income, as well as number ofwas 88% (87% for case subjects and 89%main study and the ancillary study of
siblings and birth order of the index childfor control subjects). Eighty-one percentALL was 0.93 (0.94 for case subjects and
(Table 2). of children reported to have ever beer®.92 for control subjects). For the 19% of

In an ancillary study, focusing mostly breast-fed in the ancillary study weresubjects whose mothers reported that their
on residential magnetic fields and otheclassified as primarily breast-fed in thechildren had not been primarily breast-fed
environmental exposures in relation taanalysis of the main study of the entireén the main study but had ever been
ALL (22),a subgroup of participants (682population of ALL case and control sub-breast-fed in the ancillary study, 99%
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Table 2.Breast-feeding and risk of childhood acute myeloid leukemia (AML) and acute lymphoblastic leukemia (ALL) stratified by
socioeconomic and selected maternal characteristics*

Odds ratio (95% confidence interval)t

AML study

ALL study

Never breast-fed

Breast-fed6 mo

Breast-fed >6 mo

Never breast-fed

Breast$e&@lmo

Breast-fed >6 mo

Maternal education
<High school
Some post-high school
College graduate

Family annual income
<$20 000
$20001-39 999
=$40000

Maternal race
White
Other

Maternal age, y
<25
25-29
30-34
=35

Maternal smoking during pregnancy

No
Yes

Maternal drinking during pregnancy
No
Yes

Maternal employment
No
Yes

No. of siblings

Fourth or higher

1.00 (reference)
0.70 (0.47-1.05)
0.48 (0.28-0.82)

1.00 (reference)
1.42 (0.96-2.10)
0.85 (0.46—1.56)

1.00 (reference)
1.68 (0.88-3.21)

1.00 (reference)

0.78 (0.51-1.20)
0.66 (0.38-1.15)
1.11 (0.54-2.30)

1.00 (reference)
0.88 (0.59-1.30)

1.00 (reference)
0.80 (0.54-1.17)

1.00 (reference)
1.15 (0.81-1.65)

1.00 (reference)
0.72 (0.38-1.33)
0.55 (0.28-1.05)
1.14 (0.54-2.40)

1.00 (reference)
0.99 (0.67-1.46)

1.40 (0.79-2.47)
2.37 (1.14-4.93)

0.61 (0.35-1.07)
0.72 (0.44-1.18)
0.69 (0.41-1.17)

0.90 (0.49-1.63)
0.89 (0.53-1.51)
1.87 (0.95-3.67)

1.00 (0.69-1.45)
1.33 (0.61-2.90)

0.79 (0.48-1.31)
0.72 (0.43-1.21)
1.42 (0.69-2.94)
0.67 (0.26-1.72)

0.93 (0.64-1.37)
0.83 (0.46-1.51)

1.00 (0.66-1.52)
0.74 (0.46-1.52)

1.18 (0.73-1.91)
0.92 (0.59-1.43)

0.40 (0.14-1.11)
0.85 (0.43-1.68)
0.71 (0.34-1.50)
0.57 (0.24-1.37)

0.91 (0.56-1.46)

1.34 (0.80-2.26)

1.19 (0.49-2.88)

0.62 (0.21-1.84)

0.47 (0.24-0.91)
0.47 (0.27-0.83)
0.32 (0.17-0.59)

0.70 (0.35-1.40)
0.70 (0.40-1.23)
0.65 (0.31-1.35)

0.60 (0.40-0.90)
0.79 (0.25-2.44)

0.44 (0.22-0.88)
0.60 (0.32-1.12)
0.51 (0.27-0.97)
0.34 (0.12-0.95)

0.52 (0.34-0.81)
0.68 (0.31-1.47)

0.67 (0.42—1.06)
0.34 (0.19-0.63)

0.62 (0.37-1.04)
0.60 (0.35-1.03)

0.19 (0.05-0.75)
0.45 (0.21-0.97)
0.35 (0.16-0.76)
0.64 (0.28-1.46)

0.47 (0.26-0.86)

0.59 (0.31-1.12)

0.83 (0.41-1.67)

1.13 (0.41-1.67)

1.00 (reference)
0.89 (0.71-1.12)
0.88 (0.66-1.19)

1.00 (reference)
0.78 (0.62—0.98)
0.61 (0.45-0.81)

1.00 (reference)
2.07 (1.43-3.00)

1.00 (reference)
1.03 (0.81-1.31)
1.14 (0.86-1.52)
0.92 (0.59-1.42)

1.00 (reference)
0.93 (0.76-1.15)

1.00 (reference)
1.07 (0.87-1.31)

1.00 (reference)
0.89 (0.73-1.09)

1.00 (reference)
0.84 (0.63-1.12)
0.78 (0.57-1.07)
0.78 (0.54-1.12)

1.00 (reference)
1.06 (0.85-1.32)

1.07 (0.78-1.47)
1.13 (0.73-1.75)

0.89 (0.69-1.14)
0.70 (0.54-0.90)
0.86 (0.65-1.14)

0.69 (0.51-0.92)
0.74 (0.56-0.97)
0.58 (0.43-0.78)

0.84 (0.71-1.00)
1.99 (1.27-3.12)

0.94 (0.71-1.23)
0.82 (0.64-1.06)
1.03 (0.75-1.41)
0.71(0.43-1.18)

0.83 (0.69-1.01)
0.85 (0.65-1.11)

0.81 (0.66-1.01)
0.97 (0.77-1.21)

0.81 (0.63-1.03)
0.80 (0.64—1.00)

0.87 (0.57-1.34)
0.78 (0.57—1.06)
0.53 (0.38-0.75)
0.87 (0.58-1.32)

0.88 (0.69-1.13)

0.86 (0.66-1.12)

0.88 (0.62—1.25)

1.20 (0.72-1.99)

0.62 (0.46-0.85)
0.63 (0.47-0.84)
0.76 (0.58-1.00)

0.76 (0.54—1.06)
0.52 (0.39-0.69)
0.50 (0.35-0.70)

0.68 (0.56-0.83)
2.48 (1.38-4.47)

0.69 (0.49-0.97)
0.73 (0.54-0.97)
0.63 (0.46-0.87)
1.59 (0.97-2.62)

0.67 (0.55-0.83)
0.91 (0.61-1.35)

0.71 (0.56-0.90)
0.78 (0.60-1.01)

0.70 (0.55-0.89)
0.64 (0.48-0.85)

0.66 (0.38-1.15)
0.64 (0.45-0.89)
0.57 (0.39-0.81)
0.58 (0.39-0.88)

0.68 (0.51-0.89)

0.85 (0.64-1.14)

0.66 (0.46-0.95)

0.89 (0.55-1.43)

*Subjects under the age of 1 year at diagnosis were excluded from the analysis.

tOdds ratios and 95% confidence intervals were derived from conditional logistic regression models, adjusted for maternal race, matemaheduaatity
annual income.

were breast-fed for 6 months or less (70%95% CI = 0.45-0.82) for those who feeding experience of case subjects was
were breast-fed for 1 month, 24% werenvere both breast-fed and bottle-fed forrompared with that of 72 rhabdomyosar-
breast-fed for 2-3 months, and 5% werenore than 6 months compared with thoseoma case subjects. Breast-feeding for

breast-fed for 4—6 months), and only 1%never having been breast-fed.
were breast-fed for 7 months according to
the information obtained from the ancil-DiscussIioN
lary study. With the use of data from the

more than 6 months was found to be as-
sociated with a statistically nonsignifi-
cantly reduced risk of leukemia (OR:
0.83) in another two population-based

ancillary study, relative risks of ALL  To date, only a limited number of stud-studies(21,25)involving 1000 acute leu-
were estimated as 0.68 (95% &l 0.54— ies(11,12,19-21,23-2%)ave specifically kemia case subjects in Germany and 492
0.85), 0.72 (95% CIl= 0.56-0.92), and examined the relationship of breastALL case subjects in The Netherlands, re-
0.60 (95% CIl= 0.45-0.80), respectively, feeding with the risk of childhood leuke- spectively. In this study, which includes
for ever breast-fed, breast-fed 1 through énia, and none has found a statisticallyhe largest case—control studies of child-
months, and breast-fed more than 8ignificant association. Five of these earhood ALL and AML that evaluated the
months. Furthermore, analysis from thdier studies(11,19,20,23,24)were of association of breast-feeding with child-
ancillary study revealed ORs of 0.73small size (range, 22—-153 case subjectf)ood leukemia to date, we found that ever
(95% CI = 0.57-0.92) for those breast-A larger study conducted by Schwartzprimarily breast-feeding was related to a
fed for 6 months or less, 0.69 (95% & baum et al.(12) included 522 ALL case reduced risk of ALL and AML (OR=
0.37-1.31) for those exclusively breastsubjects and 107 AML case subjects bub.79; 95% CIl = 0.69-0.90), with a
fed for more than 6 months, and 0.6ho healthy control subjects. The breastgreater benefit for children who were
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Table 3.Breast-feeding and risk of childhood leukemia*

Trend test§

P = .0002

P = .0065

Total sample AML ALL
No. of No. of No. of
No. of case  control No. of case  control No. of case  control
subjects  subjects  OR (95% CI)T  subjects  subjects  OR (95% CI)t  subjects  subjects  OR (95% CI)t
Ever breast-fed 2200 2418
No 1126 1096 1.00 (reference) 266 273 1.00 (reference) 860 823 1.00 (reference)
Yes 1074 1322 0.79 (0.70-0.91) 190 266 0.77 (0.57-1.03) 884 1056 0.80 (0.69-0.93)
Months breast-fed$
None 1126 1096 1.00 (reference) 266 273 1.00 (reference) 860 823 1.00 (reference)
<6 623 704 0.87 (0.75-1.01) 118 135 0.95 (0.68-1.33) 505 569 0.86 (0.73-1.01)
>6 450 617 0.70 (0.59-0.82) 72 130 0.57 (0.39-0.84) 378 487 0.72 (0.60-0.87)
Trend test§ P = .0001 P = .0084 P = .005
Months breast-fed$
None 1126 1096 1.00 (reference) 266 273 1.00 (reference) 860 823 1.00 (reference)
1-3 364 394 0.88 (0.74-1.05) 60 55 1.12 (0.73-1.72) 304 339 0.85 (0.70-1.03)
4-6 259 310 0.80 (0.70-1.03) 58 80 0.81 (0.54-1.23) 201 230 0.87 (0.68-1.08)
7-9 146 214 0.65 (0.51-0.83) 25 52 0.48 (0.28-0.82) 121 162 0.70 (0.53-0.92)
10-12 138 203 0.63 (0.49-0.81) 26 38 0.69 (0.39-1.23) 112 165 0.61 (0.46-0.80)
>12 166 200 0.81 (0.64-1.03) 21 40 0.58 (0.31-1.08) 145 160 0.85 (0.66-1.11)

= .0034

*Subjects under the age of 1 year at diagnosis and subjects with a missing value were excluded from analysisadidé myeloid leukemia; ALL= acute
lymphoblastic leukemia.

TOdds ratios (ORs) and 95% confidence intervals (Cls) were derived from conditional logistic regression models, adjusted for maternal ralcegncaitton,
and family annual income.

FSubjects in these categories do not sum to the total number of study subjects because of missing data.

8AIll P values are two-sided; those <.05 were considered to be statistically significant.

Table 4.Breast-feeding and risk of childhood acute leukemia by morphology and immunophenotype*

OR (95% CI)t by AML morphologic subtype

M4 and M58
[No. of case/control subjects: 135/137]

Other AML]|
[No. of case/control subjects 164/237]

MO, M1, and M2+
[No. of case/control subjects: 157/165]

1.00 (reference)
0.72 (0.45-1.16)

1.00 (reference)
0.88 (0.51-1.51)

1.00 (reference)
0.73 (0.42-1.26)

Never breast-fed
Ever breast-fed
Duration breast-fed

Never 1.00 (reference) 1.00 (reference) 1.00 (reference)
<6 mo 1.04 (0.55-1.96) 1.02 (0.54-1.91) 0.84 (0.49-1.43)
>6 mo 0.42 (0.20-0.88) 0.73 (0.37-1.45) 0.59 (0.32-1.10)
Trend testf P = .04 P = .42 P = .10
OR (95% CI)T by ALL immunophenotype
Early pre-B-cell ALL# Pre-B-cell ALL** T-cell ALL

[No. of case/control subjects: 842/914] [No. of case/control subjects 218/229] [No. of case/control subjects 177/193]

1.00 (reference)
0.83 (0.49-1.39)

1.00 (reference)
0.53 (0.35-0.81)

1.00 (reference)
0.84 (0.68-1.04)

Never breast-fed
Ever breast-fed
Duration breast-fed

Never 1.00 (reference) 1.00 (reference) 1.00 (reference)
<6 mo 0.95 (0.75-1.20) 0.50 (0.31-0.81) 0.84 (0.48-1.48)
>6 mo 0.70 (0.54-0.92) 0.59 (0.35-1.01) 0.81 (0.41-1.61)

Trend testq P = .01 P = .01 P = .50

*Subjects under the age of 1 year at diagnosis and subjects with missing values were excluded from the analysisadNd_myeloid leukemia; ALL= acute
lymphoblastic leukemia.

TOdds ratios (ORs) and 95% confidence intervals (Cls) were derived from conditional logistic regression models, adjusted for maternal ralceducaitzn,
and family annual income. Case subjects<{r217) with B-cell ALL (not otherwise specified) were not included in the smaller group analyses of ALL because of
potentially heterogeneous disease subtypes.

FMO = myeloblastic with no maturation; M%E myeloblastic with minimal maturation; M2 myeloblastic with maturation.

8M4 = acute myelomonocytic leukemia; M5 acute monocytic leukemia.

||Other AML include M3 (acute promyelocytic leukemia), M6 (acute erythroleukemia), and M7 (acute megakaryoblastic/megakaryocytic leukemia).

TAIl P values are two-sided; those <.05 were cosidered to be statistically significant.

#Early pre-B-cell ALL = B-lineage markers positive, cytoplasmic immunoglobulin negative.

**Pre-B-cell ALL = B-lineage markers positive, cytoplasmic immunoglobulin positive.
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breast-fed for more than 6 months (GR their offspring and/or mothers of caseand the occurrence of childhood AML has
0.7). The reduced risks were observed fasubjects underreported breast-feedingot been extensively studied. The interna-
MO, M1, and M2 morphologic subtypestheir children. Finally, the large numbertional variation in the incidence pattern
of AML and early pre-B-cell ALL. The of analyses performed raises the possibifor childhood AML, with higher risks ob-
inconsistency between current and earligty of a chance finding. The consistencyserved in populations from Asian and Af-
studies may be due to the fact that none afcross both ALL and AML subtypes, rican countries, may suggest the involve-
the early studies had adequate statistichbwever, makes this less likely. ment of certain infectious agents in the
power to detect the inverse association of Biologically plausible mechanismsdevelopment of AML(1). The specific or
breast-feeding with the risk of childhoodthat may underlie the relationship be-nonspecific anti-infectious effect and
acute leukemia as reported in the currerttveen breast-feeding and risk of child-€arly immune-stimulating effects of
study. Differences in the type, source, ohood acute leukemia include anti-Preast-feeding may work either mdepgn-
characteristics of the control group, parinfective and/or immune-stimulatory anddently or synergistically to protect chil-
ticularly in relation to breast-feeding,immune-modulating effecté26). Breast- dren against acute leukemia.
could explain some of the inconsistenfeeding can reduce risk of enteric infec- N summary, findings from the large
findings (26). tious diseases, otitis media, and respirat¢=CG epidemiologic studies of childhood
Alternative explanations must be con+y infections in infant{3,4,6-10)hrough AML and ALL show a reduction in risk
sidered. The observed inverse associatidransmission of maternal antibodies an@Mong breast-fed infants, particularly
with breast-feeding may reflect a potenmacrophages and lymphocytes via colost-hose, breast—fed for more than 6 mqnths.
tial selection bias due to the source ofrum and human milk(3,4). Breast- TO eliminate the p035|_b|llty that the .f'nd'
control subjects (random-digit-dialing) feeding also can stimulate or modulate thE19S are due_to p(_)ten_t|al forms of bias or
and different participation rates amongdevelopment of the immune system of inchance, confirmation is needed from other
control and case subjects. The differencants(3,26), with breast-fed infants dem- large and more detailed investigations. If
between case and control subjects in manstrating enhanced vaccine responsé)surflndlngs are confirmed, they may pro-
; L : .~ Vide further support for the recommenda-
ternal education and family income may(32) and larger thymus sizé). In addi- . : :
- I . . tion of the American Academy of Pediat-
also suggest the possibility of selectiortion, various growth factors and cytoklnesriCS (41) for longer term breast-feeding of
bias (27). On the other hand, the breast{e.g., transforming growth factar; tu- infants
feeding rate among control subjects in oumor necrosis factoe, insulin-like growth '
study (i.e., 56% of control children whofactor, and interleukins 10 and 8) hav
were born during 1984-1992 and weralso been isolated from human mi(g).
1-5 years of age at interview had eveAll of these mechanisms may potentially
been primarily breast-fed) was similar toinfluence leukemogenesis. iy oo
. . . Terracini B, Young JL. International incidence
that in the general U.S. population. For .Although th(_a Ieukemogenlc effects of ¢ hildhood cancer. Lyon (France): IACR Sci
example, 52% of U.S. mothers surveyedeline and bovine viruses are well docu-  pyp| 1988:87:1-401.
in 1989 and 60% surveyed in 1995 indi-mented in animal studig83), various in-  (2) Robison LL, Ross JA. Epidemiology of leuke-
cated that they had breast-fed their newfections, organisms, and/or unusual mani-  mias and lymphomas in childhood. In: Ches-
borns (28). Thus, while selection bias festations of infections have been  sells JM, Hann IM, editors. Bailliére’s clinical
cannot be completely excluded, it appearproposed to play a role in childhood ALL ~ Pediatrics. London (U.K.): WB Saunders Co.;
unlikely to be the sole explanation for the(33—-40), but epidemiologic studies have 3 w:;epr' gf_g_:rzaerson DM. Pittard WB 3rd.
inverse associations found in our studyprovided only circumstantial evidence. " gyegial properties of human milk. Clin Pediatr
The similar inverse association withThis evidence includes the following: 1) (Phila) 1996;35:283-93.
breast-feeding observed for both AMLthe emergence of an ALL incidence peak(4) Goldman AS. The immune system of human
and ALL may raise some concerns abouat ages 2—4 years among white children in  milk: antimicrobial, antiinflammatory and im-
bias, particularly recall bias, althoughthe United States and the U.K. between munomodulating properties. Pediatr Infect Dis
other exposures (including high-dose ion1920 and 1940 and among black children 7 1993:12:664-71.
. L . . . (5) Hasselbalch H, Jeppesen DL, Engelmann MD,
izing radiation, use of chloramphenicol,during the latter part of the 196(34,35); Michaelsen KF, Nielsen MB. Decreased thy-
and paternal preconception x-ray expoz) a positive association between the ALL s size in formula-fed infants compared with
sure) have been found to be associateaje peak and socioeconomic status (in breastfed infants. Acta Paediatr 1996:85:
with both AML and ALL in children(29—- some but not all studieg)34,35); 3) an 1029-32.
31). Comparing breast-feeding data colinverse association between early infec-(6) Yolken RH, Peterson JA, Vonderfecht SL,
lected during two separate interviewstion, day care, and risk of childhood leu- ~ Fouts ET, Midthun K, Newburg DS. Human
among a subgroup of study participantskemia (34,36); 4) a statistically signifi- mr'('e'f/emntlsulen:;it:gznrt:aw;ﬁr (:gmgzgttiugnjaréclim
we found that women can fairly consis-cant increase in the incidence of ALL in Ipnvest 1992.20:1984_919 '
tently report long-term breast-feeding (>&he peak age group after an unusual dez) Howie PW, 'Forsyth JS, Ogston SA, Clark A,
months) experience. We, however, wergree of population mixing37); and 5) Florey CD. Protective effect of breast feeding
not able to evaluate the validity of theassociation of childhood leukemia risk  against infection. BMJ 1990;300:11-6.
self-reported breast-feeding informatiorwith influenza outbreaks and other mater-(8) Rubin DH, Leventhal JM, Krasilnikoff PA,
compared with the actual practice. The innal common infections during pregnancy ~ Kuo HS, Jekel JF, Weile B, et al. Relationship
verse association found in our study(e.g., varicella, influenza, or rubella)  Petween infantfeeding and infectious iliness: a
. prospective study of infants during the first
therefore, could have resulted from differ{2,39), as well as postnata¥lycoplasma year of life. Pediatrics 1990;85:464—71.
ential misclassification if mothers of con-pneumoniae (40)n contrast to childhood (9) buncan B, Ey J, Holberg CJ, Wright AL, Mar-
trol subjects overreported breast-feeding\LL, the relationship between infection tinez FD, Taussig LM. Exclusive breast-

%EFERENCES

(1) Parkin DM, Stiller CA, Draper GJ, Bieber CA,

1770 REPORTS Journal of the National Cancer Institute, Vol. 91, No. 20, October 20, 1999



Appendix: Participating principal investigators—Children’s Cancer Group

Institution Investigators Grant No.*
Group Operations Center, Arcadia, CA W. Archie Bleyer, M.D. CA13539

Anita Khayat, Ph.D.

Harland Sather, Ph.D.

Mark Krailo, Ph.D.

Jonathan Buckley, MBBS, Ph.D.

Daniel Stram, Ph.D.

Richard Sposto, Ph.D.
University of Michigan Medical Center, Ann Arbor, Ml Raymond Hutchinson, M.D. CA02971
University of California Medical Center, San Francisco, CA Katherine Matthay, M.D. CA17829
University of Wisconsin Hospital, Madison WI Diane Puccetti, M.D. CA05436
Children’s Hospital and Medical Center, Seattle, WA J. Russell Geyer, M.D. CA10382
Rainbow Babies and Children’s Hospital, Cleveland, OH Susan Shurin, M.D. CA20320
Children’s National Medical Center, Washington, DC Gregory Reaman, M.D. CA03888
Children’s Hospital of Los Angeles, Los Angeles, CA Paul Gaynon, M.D. CA02649
Children’s Hospital of Columbus, Columbus, OH Frederick Ruymann, M.D. CA03750
Columbia Presbyterian College of Physicians and Surgeons, New York, NY Leonard J. Wexler, M.D. CA03526
Children’s Hospital of Pittsburgh, Pittsburgh, PA A. Kim Ritchey, M.D. CA36015
Vanderbilt University, School of Medicine, Nashville, TN John Lukens, M.D. CA26270
Doernbecher Memorial Hospital for Children, Portland OR H. Stacy Nicholson, M.D. CA26044
University of Minnesota Health Sciences Center, Minneapolis, MN Joseph P. Neglia, M.D. CA07306
Children’s Hospital of Philadelphia, Philadelphia, PA Beverly Lange, M.D. CA11796
Memorial Sloan-Kettering Cancer Center, New York, NY Peter Steinherz, M.D. CA42764
James Whitcomb Riley Hospital for Children, Indianapolis, IN Philip Breitfeld, M.D. CA13809
University of Utah Medical Center, Salt Lake City, UT William Carroll, M.D. CA10198
University of British Columbia, Vancouver, Canada Paul Rogers, M.D. CA29013
Children’s Hospital Medical Center, Cinncinnati, OH Robert Wells, M.D. CA26126
Harbor/UCLA and Miller Children’s Medical Center, Torrance/Long Beach, CA Jerry Finklestein, M.D. CA14560
University of California Medical Center (UCLA), Los Angeles, CA Stephen Feig, M.D. CA27678
University of lowa Hospitals and Clinics, lowa City, IA Raymond Tannous, M.D. CA29314
Children’s Hospital of Denver, Denver, CO Lorrie Odom, M.D. CA28851
Mayo Clinic and Foundation, Rochester, MN Gerald Gilchrist, M.D. CA28882

Izaak Walton Killam Hospital for Children, Halifax, Canada
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