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Neuroblastoma is the most common neoplasm in children 
under 1 year of age. We examined the relation between resi- 
dential exposure to pesticides and neuroblastoma, using data 
from a case-control study of risk factors for neuroblastoma. 
Incident cases of neuroblastoma (N = 538) were identified 
through the Pediatric Oncology Group and the Children's 
Cancer Group. One age-matched control was identified for 
each case by random digit dialing. Telephone interviews with 
each parent collected information on residential exposure to 
pesticides. Pesticide use in both the home and garden were 
modestly associated with neuroblastoma [odds ratio (OR) = 

1.6 (95% confidence interval [95% CI] = 1.0-2.3, and OR = 
1.7 (95% CI = 0.9-2.1), respectively]. Compared with infants 
[OR = 1.0 (95% CI = 0.6-2.0)], stronger associations were 
found for garden pesticides in children diagnosed after 1 year of 
age [OR = 2.2 (95% CI = 1.3-3.6)], which suggests that 
pesticides may act through a mechanism more common for 
neuroblastomas in older children. There was no evidence of 
differential pesticide effects in subgroups of neuroblastoma 
defied by MYCN oncogene amplification or tumor stage. 
(Epidemiology 2001 ; 12:20 -27) 
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Neuroblastoma is a neoplasm derived from embryonic 
neural crest cells. It is the most common tumor occur- 
ring in the first year of life and accounts for 8-10% of all 
childhood turn0rs.l In the United States, neuroblastoma 
occurs in approximately 1 of every 7,000 live births, 
contributing about 550 new cases each year, with an 
annual incidence rate of 9.2 cases per million children 
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under 15 years of age.' At diagnosis, more than half of 
these children are under 2 years of age, and approxi- 
mately 80% are under 4 years of age; rarely is neuroblas- 
toma diagnosed in children older than 10 years of age. 

The severity of neuroblastoma ranges from asymptom- 
atic tumors that spontaneously regress to rapidly pro- 
gressing tumors that respond poorly to aggressive treat- 
ment and often lead to death.* Clinical and biological 
subgroups of neuroblastoma have been characterized by 
the age at diagnosis, tumor stage at diagnosis, and spe- 
cific genetic alterations such as MYCN oncogene am- 
p l i f i~a t i on .~~~  These disease subgroups are known to have 
prognostic significance but may also be of etiologic 
relevance. 

Relatively little is known about etiologic factors for 
neuroblastoma. The young age at onset of most cases 
emphasizes the need to investigate exposures and events 
occurring before conception and during gestation in 
addition to genetic contributions to neur~blastoma.~ 
Previous studies have reported positive associations be- 
tween farm residence or parental employment in agri- 
culture and neuroblastoma, but findings have been in- 
consi~tent .~-~ The results from these studies, combined 
with reports from studies of occupational and residential 
pesticides and other childhood cancers and birth out- 
c o m e ~ , ~ - ~ '  have prompted this investigation. To assess 
the potential effects of residential pesticides on neuro- 
blastoma, we conducted a large case-control study of 
neuroblastoma and collected detailed information from 
parents on parental and childhood residential pesticide 
exposures. 
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Subjects and Methods 
STUDY POPULATION 

The details of this study are provided e1~ewhere.l~ 
Briefly, children diagnosed with neuroblastoma between 
May 1, 1992, and April 30, 1994, at one of 139 partic- 
ipating hospitals throughout the United States and Can- 
ada were eligible to participate if their biological mother 
was available for telephone interview and spoke English 
or Spanish. Fathers were eligible only if mothers also 
provided interviews. Five hundred thirty-eight case 
mothers (73% of eligible) and 405 case fathers (76% of 
eligible) provided interviews. Controls were identified 
through telephone random digit dialing and individually 
matched to cases by telephone number (area code and 
exchange) and on the date of birth ( 5 6  months for cases 
diagnosed under 3 years of age, 5 1  year for cases diag- 
nosed over 3 years of age). Five hundred four control 
mothers (72% of eligible) and 304 control fathers (61% 
of eligible) completed interviews. 

DATA SOURCES 
Two collaborative clinical trial groups, Children's 

Cancer Group and Pediatric Oncology Group, con- 
firmed the diagnosis of neuroblastoma and provided in- 
formation on the clinical stage at diagnosis (Internation- 
al Neuroblastoma Staging System; INSS) and MYCN 
amplification status for case children. Telephone inter- 
views with both case and control mothers and fathers 
collected information about family medical histories, 
vitamin and medication use, parental job histories, oc- 
cupational exposures, residential pesticide use, and other 
factors. 

Each parent was separately asked about pesticides used 
in the home and garden and by professional extermina- 
tors during the time period from 1 month before con- 
ception to the date of diagnosis. Interviews queried the 
type of pesticide, as well as the purpose, frequency, and 
timing of use relative to dates of the child's conception 
and birth. Because both parents were interviewed inde- 
pendently, maternal and paternal reports of pesticide use 
or timing of use sometimes differed. Among households 
in which parents did not agree, it was not possible to 
determine which parent more accurately recalled the 
details about pesticide use. Thus, for each pesticide cat- 
egory, information from both parents was combined to 
create two exposure indicator variables representing the 
following: (1) either the mother or father reported pes- 
ticide use, but the other parent reported no use, or (2) 
both parents in the household reported pesticide use. 
Both were compared with a reference group in which 
both parents reported no pesticide use. Both parents 
reporting an exposure does not necessarily indicate that 
the exposure was greater but may indicate a greater 
probability that the exposure actually occurred. This 
classification method was possible only when both par- 
ents provided information. 

To determine whether the timing of exposure was 
associated with neuroblastoma, exposures were evalu- 
ated in two time windows representing the period from 

t 

1 month before conception through the end of preg- 
nancy and the period from birth to diagnosis. Exposures 
during the childhood period were evaluated only for 
children older than 3 months of age at diagnosis. To 
evaluate whether the effects of pesticide exposure dif- 
fered in clinical and biological subgroups of neuroblas- 
toma, which might define etiologically homogeneous 
subgroups, analyses were stratified by the child's age, and 
for cases, the tumor's stage and MYCN amplification 
status. 

ANALYSIS 

The relation between residential pesticide exposures 
and neuroblastoma was evaluated by estimating the odds 
ratios (ORs) for both parents reporting use (OR,) and 
either parent reporting use (OR,) and 95% confidence 
intervals (CIS) using unconditional logistic regression. 
The matching factor, child's age, was assessed as a con- 
tinuous variable and as a group of indicator variables 
categorizing age into 6-month strata. Because the con- 
tinuous form of age adequately accounted for the effects 
of age and met the linearity requirements of logistic 
models, it was included in all models. The potential 
confounding effects of race, household income, maternal 
age, and education were also evaluated. Of these, only 
household income was retained in the final analyses, 
based on  the change in the OR with its inclusion and on 
its weak association with pesticide use and neuroblas- 
toma in these data. 

To assess potential bias due to missing paternal infor- 
mation, analyses were conducted that used only mater- 
nal reports of pesticide use and stratified by whether the 
father completed an interview. 

Results 
Demographic characteristics were similarly distributed 

between cases and controls in the total study (Table 1). 
Twenty-five per cent of cases and 39% of controls were 
excluded because the father was not interviewed. Moth- 
ers of these children had slightly lower household in- 
come and education, were younger, and were less likely 
to be white compared with those included. Thirty cases 
and 18 controls were also excluded because of missing 
information about household income, leaving 390 cases 
and 296 controls available for the residential pesticide 
analyses. 

In the total study population, pesticide use was com- 
mon from the month before conception to the reference 
date; 65% of parents reported using pesticides in or 
around the home, 47% reported using lawn and garden 
pesticides, and 29% reported professional extermination. 
The proportion of mothers and fathers reporting use of 
these pesticides in their individual interviews was simi- 
lar, but the level of agreement when both parents par- 
ticipated ranged from weak [home pesticides Kappa 
(K) = 0.21 to moderate (extermination K = 0.6, garden 
pesticides K = 0.4). Parental agreement was similar for 
cases as compared with controls. In general, subjects 
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TABLE 1. Demographic Distribution of Cases (Ca) and Controls (Co), Based on Maternal Information 

Pesticide Investigation 

Total Study Participants Exc1us10ns* 

Ca c o  Ca c o  Ca c o  
N = 208 N = 148 N = 538 N = 504 N = 390 N = 296 

Child’s age, years 
<1 38 39 40 43 35 33 
1 22 22 22 22 22 21 
2 4  30 29 28 27 34 33 
8 5  9 10 10 8 9 13 

< 20 9 7 4 3 20 13 
20-30 61 63 62 63 61 62 
231  30 30 34 34 19 25 

~$10,000 18 11 11 6 39 19 
>$10,000 82 89 89 94 61 81 

<High school 11 10 7 6 22 16 
68 63 68 62 69 64 

White non-Hispanic 79 78 85 86 62 67 
Other 21 22 15 14 38 33 

Maternal age, years 

Household income 

Maternal education 

:::gghool 21 27 25 32 9 20 
Maternal race 

Data are presented as percentages. 
* Exclusions are children mlsslng paternal interview or household income information. 

whose parents agreed in their reports of pesticide use 
were demographically similar to those whose parents 
disagreed, although parents in disagreement about ex- 
termination were of slightly lower income. 

When both parents reported use of pesticides, .the use 
of professional extermination was associated with neu- 
roblastoma [OR, = 1.4 (95% CI = 0.9-2.1)], as were 
household pesticides [ORB = 1.6 (95% CI = 1.0-2.3)] 
and garden pesticides [OR, = 1.7 (95% CI = 0.9-2.1)]. 
These associations were not evident when only one 
parent reported use (Table 2). Effect estimates associated 
with each type of pesticide were slightly stronger for use 
during the childhood period than during pregnancy; 
however, pesticide use tended to be correlated across the 
two time periods. In most households, when at least one 
parent reported pesticide use during pregnancy, pesticide 

use was also reported during childhood (63% for home 
pesticides and 62% for garden pesticides), limiting the 
ability of this study to evaluate further the independent 
effects of pesticide exposure during specific time periods. 

Although few parents reported the brand or chemical 
name of the pesticides used, many reported the purpose 
of pesticide use. The most commonly reported purpose 
for using pesticides in the home was to control for ants 
or roaches (41%), which was associated with neuroblas- 
toma [ORB = 1.8 (95% CI = 1.0-3.1)]. Less frequently 
reported reasons for using *home pesticides included 
treatment for flies (lo%), fleas ( l l%) ,  and termites 
( ~ 1 % ) .  Among the specific types of pesticides used in 
the garden, herbicides were more strongly associated 
with .neuroblastoma [ORB = 1.9 (95% CI = 1.1-3.2)] 
than were insecticides [ORB = 1.3 (95% CI = 0.7-2.3)]. 

TABLE 2. Residential Pesticide Use and the Risk of Neuroblastoma by Period, as Reported by Either One or Both Parents, 
of Exposure 

Ever Preconception-Pregnancy Childhocdt 

CaN CON OR* 95% C1 CaN CON OR* 95% CI CaN C% OR* 95% C1 

Extermination 
Unexposed$ 261 211 1.0 227 176 1.0 227 176 1.0 
Either 61 43 1.1 0.8-1.7 29 23 0.9 0.5-1.6 37 24 1.1 0.6-2.0 
Both 63 38 1.4 0.9-2.1 23 15 1.0 0.5-2.1 46 25 1.5 0.8-2.6 

Unexposed$ 90 87 1.0 83 76 1.0 83 76 1.0 
Home pesticide 

Either 141 108 1.2 0.8-1.8 82 70 0.9 0.5-1.4 94 71 1.2 0.8-1.9 
Both 150 92 1.6 1.0-2.3 93 52 1.3 0.8-3.3 92 50 1.4 0.9-2.2 

Garden pesticide 
Unexposed$ 145 126 1.0 123 109 1.0 123 109 1.0 
Either 114 91 1.2 0.8-1.7 72 54 1.4 0.8-1.9 68 62 0.8 0.5-1.3 
Both 113 66 1.7 0.9-2.1 65 39 1.3 0.8-2.0 74 36 1.8 1.0-3.1 

.- 

* Odds ratios (ORs) adjusted for household income and child’s age. ORs for ”Either” reflect either mother or father reponing pesticide use, ORs for ‘730th’ reflect both 
mother and father reporting pesticide use. 
t Children <3 months of age were excluded from models of childhood period. 
t Reference category reflects both parents reporting no pesticide use. 
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TABLE 3. 
at Diaenosis 

Residential Pesticide Use, as Reported by Either One or Both Parents, and the Risk of Neuroblastoma by Age 

- 

Age <1 Age 1+ 

CaN CON OR* 95% c1 CaN C O N  OR* 95% CI ’ 

Extermination 
Unexposedt 
Either 
Both 

Home pesticide 
UnexDosedt 
Eithe; 
Both 

Garden aesticide 
Unexpwedt 
Either 
Both 
Garden pesticide type 

Herbicide 
Either 
Both 

Insecticide 
Either 
Both 

111 101 1 .o 150 110 1 .o 
19 12 1.4 0.6-3.0 42 31 0.9 0.5-1.6 
22 14 1.5 0.7-3.0 41 24 1.3 0.7-2.3 

51 
57 
44 

70 
47 
31 

17 
12 

46 1 .o 39 41 1 .o 
48 1.1 0.6-1.9 84 60 1.5 0.8-2.5 
32 1.2 0.7-2.2 106 60 1.9 1.1-3.2 

59 1 .o 75 67 1 .o 
1.2 0.7-2.0 

54 2.2 1.3-3.6 
37 1.1 0.6-2.0 67 
27 1 .o 0.6-2.0 82 39 

1 .o 0.5-2.3 29 22 1.3 0.7-2.6 
l4 9 1.2 0.5-3.1 39 18 2.2 1.1-4.3 

23 17 1.2 0.6-2.5 31 33 1 .o 0.6-1.9 
10 11 0.8 0.3-2.2 24 14 1.7 0.8-3.6 

* Odds ratios (ORs) adjusted for household income and child’s age. OR for “Either” reflects either mother or father reporting pesticide use. OR for “Both” reflects both 
parents reporting pesticide use. * 
t Reference category reflects both parents reporting no pesticide use. 

Few parents reported the reason for professional exter- 
mination, which precluded meaningful analysis. 

The effects of pesticides were generally stronger 
among children diagnosed at 1 year of age or older than 
among those diagnosed under 1 year of age (Table 3). 
Home pesticides were not notably associated with neu- 
roblastoma in children under 1 year of age [OR, = 1.2 
(95% CI = 0.7-2.2)]; however, among children 1 year of 
age and older the effect was nearly doubled [OR, = 1.9 
(95% CI = 1.1-3.2)]. This pattern was found for specific 
uses of pesticides, such as the treatment of ants, roaches, 
and flies in the home. Garden pesticides were also more 
strongly associated with neuroblastoma among the older 
children [OR, = 2.2 (95% CI = 1.3-3.6)] than among 
children under 1 year of age [OR, = 1.0 (95% CI = 
0.6-2.0)], including garden pesticides specified as her- 

TABLE 4. 
Stratified by the International Neuroblastoma Staging System (INSS) and MYCN Oncogene Amplification Status 

bicides or insecticides. This age-specific pattern was not 
evident in relation to professional extermination. 

Estimated associations between neuroblastoma and 
professibnal extermination or garden pesticides were 
slightly stronger among case children with amplified 
MYCN status than those with normal MYCN status; 
however, the confidence intervals in the two groups 
overlapped substantially (Table 4). This was also the 
case for comparison of pesticide effects in early- vs late- 
stage neuroblastoma compared with controls. MYCN 
amplification and late-stage disease were correlated with 
the age at diagnosis (1 year and older). 

We evaluated the independent effects of home pesti- 
cides, garden pesticides, and professional extermination 
by adjusting each for the others. Adjustment for multiple 
pesticide use had no effect on the overall results (data 

The Effect of Pesticides, as Reported by Either One or Both Parents, in Subgroups of Neuroblastoma Cases 

MYCN INSS 1, 2, 
MYCN Normal Amplified and 4s INSS 3 and 4 

C+* CaN OR? 95%CI CaN ORt 95%C1 CaN OR? 95%CI CaN OR? 95%CI 

Extermination 
Unexposed$ 211 178 1.0 30 1.0 82 1.0 139 1.0 
Either 43 34 0.9 0.6-1.5 6 0.8 0.3-2.2 19 1.3 0.7-2.4 32 0.9 0.5-1.5 
Both 38 34 1.1 0.6-1.8 9 1.9 0.8-4.4 14 1.1 0.5-2.1 36 1.3 0.8-2.2 

Either 108 94 1.5 0.9-2.3 15 1.1 0.5-2.5 43 1.3 0.7-2.2 79 1.3 0.8-2.1 

Home pesticide 
Unexposed$ 87 52 1.0 11 1.0 30 1.0 44 1.0 

Both 92 98 1.8 1.1-2.8 18 1.6 0.7-3.5 44 1.5 0.9-2.7 80 1.5 0.9-2.4 
Garden pesticide 

Unexposed$ 126 89 1.0 18 1.0 50 1.0 69 1.0 
Either 91 83 1.3 0.9-2.0 8 0.7 0.3-1.7 41 1.2 0.7-2.1 60 1.3 0.8-2.1 
Both 66 66 1.4 0.9-2.3 15 2.0 0.9-4.4 25 1.2 0.7-2.2 71 2.2 1.3-3.5 

*,t Each case (Ca) group was compared with all controls (Co). 
t Odds ratios (ORs) adjusted for household income and child’s age. ORs for “Either” reflect either mother or father reporting pesticide use. OR for “Both” reflects both 
parents reporting pesticide use. 
$ Reference category reflects both parents reporting no exposure. 
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not shown). Home pesticide use was often reported in 
addition to garden pesticides (77%) or professional ex- 
terminators (74%), but there was no evidence of inter- 
action among these three categories of residential 
pesticides. 

Parents reporting garden pesticide use were asked who 
applied the chemical. Many mothers and fathers re- 
ported that the father applied the pesticides (57% and 
78%, respectively). When the mother reported that she 
applied the pesticides, the neuroblastoma effect estimate 
was higher [OR = 2.2 (95% CI = 1.3-3.8)] than when 
she reported the father applying pesticides [OR = 1.5 
(95% CI = 1.1-2.1)] or when the father reported that he 
applied the pesticide [OR = 1.1 (95% CI = 0.8-1.5)]. 
To evaluate the effect of missing paternal pesticide data, 
we used only the pesticide information reported by the 
mother, stratified by the presence of paternal informa- 
tion. The association between home pesticides and neu- 
roblastoma was similar when paternal information was 
[OR = 1.3 (95% CI = 0.9-1.7)] and was not [OR = 1.3 
(95% CI = 0.8-2.1)] available. Results for extermina- 
tion were also similar. The association with garden pes- 
ticides, however, was slightly higher when the father's 
information was available [OR = 1.8 (95% CI = 1.3- 
2.5)] than when it was not [OR = 1.2 (95% CI = 
0.7-2.2)], after adjustment for maternal age, education, 
and income. 

Discussion 
When pesticides are used, children have grea; poten- 

tial for exposure, owing to the amount of time they 
spend on the floor, in the yard, and with pets, which are 
all associated with higher levels of pesticides.'4-16 Resi- 
dential pesticide use during pregnancy and childhood 
was common in this study. Pesticides used in the home 
by parents and professional exterminators were essen- 
tially insecticides. Garden pesticides included both her- 
bicides and insecticides. 

Pesticides used in both the home and garden were 
moderately associated with increased neuroblastoma. 
The strongest associations were for garden pesticides in 
children diagnosed after 1 year of age. The stronger 
effect in older children may reflect either a longer period 
of pesticide exposure and time for the action of pesti- 
cides to contribute to neuroblastoma or different effects 
of pesticides in an etiologic pathway marked by an older 
age at diagnosis. Mobile children can access more floor 
and yard areas where pesticides have been applied, com- 
pared with infants, who are typically restricted to a 
protected area and may have lower opportunity for ex- 
posure. Alternately, the clinical heterogeneity of neuro- 
blastoma may reflect etiologic differences whereby pes- 
ticides may act through a biological pathway more 
common to the type of neuroblastoma in older children. 
Age, tumor stage, and MYCN amplification status are 
commonly used to distinguish clinical subgroups of neu- 
r~blastoma.~ Because the effects of pesticides were not 
greatly modified by MYCN amplification status, these 
data do not support the potential for pesticides to act 

Epidemiology January 2001, Vol. 12 NO. 1 

through a pathway directly involving MYCN amplifica- 
tion. Further evaluation of the effects of pesticides in 
biological subgroups of disease was limited by sparse data 
representing combinations of age, stage at diagnosis, and 
MYCN amplification status and lack of data on other 
biological characteristics. 

Although pesticides could be involved in the devel- 
opment of neuroblastoma by initiating either germ-line 
or somatic cell mutations, few are known  mutagen^.'^-'^ 
Nonmutagenic theories include the possibility that pes- 
ticides are involved in carcinogenesis through tumor 
promotion. Some pesticides (for example, chlordane, 
lindane, and chlorpyrifos) are known to affect the im- 
mune system, potentially contributing to neuroblastoma 
development by decreasing regulation of cell prolifera- 
tion or surveillance for dysfunctional or undifferentiated 
neural crest  cell^.'^-^^ Other pesticides demonstrate es- 
trogen-mimicking properties or otherwise disrupt endog- 
enous hormonal activity. These pesticides could alter 
the proliferation or differentiation of neural cells that 
continue to be regulated by hormones into the neonatal 

Although the mechanisms described are plausible 
means by which pesticides could contribute to the de- 
velopment of neuroblastoma, further interpretation of 
the positive yet imprecise associations reported here 
requires consideration of measurement and design issues. 
In this study, exposure measurement was based on par- 
ents' self-report of residential pesticide use. This mea- 
surement assumes that parents can remember and report 
their prior use of pesticides and that the quality of recall 
and reporting does not differ by case status. Most parents 
in this study were asked to recall pesticide use from 1 to 
5 years earlier. While this interval is shorter than for 
most cancer studies, it was srill a long time to remember 
the details about the pesticides used, especially details 
concerning the timing of exposure relative to pregnancy 
and the child's birth. 

To improve the validity of the exposure classification, 
we considered whether only one parent or both parents 
reported exposure. Both parents' agreement that a pes- 
ticide was used would not necessarily indicate greater 
exposure than reports by only one parent, but confirma- 
tion from both parents increased our confidence that the 
reported pesticide was really used. Thirty-five per cent of 
the couples in our data disagreed about whether pesti- 
cides were used, underscoring the problem of error in 
recall or reporting. Yet, because concordance in pesti- 
cide reporting between mothers and fathers did not 
differ by case status, it does not appear that case parents 
conferred with each other or otherwise put greater effort 
toward recalling pesticide use than control parents. 
Thus, it seems unlikely that differential recall based on 
motivation of case parents might have resulted in an 
overestimate of the exposure effect in this study.32 Nev- 
ertheless, we do not know whether the category that 
requires both parents to report is truly more or less 
sensitive to recall bias than exposures reported by only 
one parent. 

period.19J4-31 
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Although requiring both parents to contribute to the 
exposure classification may have reduced bias in the 
effect estimates, it also reduced the study size by exclud- 
ing children with information from only one parent. To 
assess potential selection bias owing to missing paternal 
information, we conducted analyses using only the 
mothers’ reports of pesticides, stratified by whether or 
not the father provided an interview. Although the 
association between mother’s report of garden pesticide 
use and neuroblastoma was higher when the father was 
interviewed than when he was not, effect estimates 
associated with home pesticide use and professional ex- 
termination were similar between the two groups. It 
remains unclear why maternal reports of garden pesti- 
cide use would differ by the joint distribution of case 
status and paternal participation. I t  is possible that be- 
cause fathers were more likely to apply garden pesticides 
in these data, if the father was absent from the home, 
either garden pesticides were not used or the mother was 
less likely to remember their use. 

Even when parents accufately report the use of pesti- 
cides and the timing of use with respect to pregnancy or 
childhood, use does not necessarily confer exposure to 
the child. The chemical properties of the pesticides, 
method of application, use of protective equipment, 
activity of the child, and consequently the exposure 
pathways (dermal, ingestion, and inhalation) may be 
important determinants of the type and degree of pesti- 
cide exposure. Furthermore, pesticides are not a homog- 
enous group of chemicals. Grouping home pesticides by 
the method of application (sprays, solids, and traps) did 
not reveal substantial differences in associations with 
neuroblastoma; effect estimates for each application 
method followed patterns similar to those of general 
home pesticide use, but estimates were much less stable. 
Although some parents reported the brand name or the 
purpose for using pesticides, few reported the chemical. 
Because multiple chemicals may be found in products of 
the same brand, there was not enough information to 
evaluate the effects of specific chemicals in these data. 
There was also no way to account for pesticides used in 
other settings such as daycare or for pesticide exposure 
from environmental sources such as ground or surface 
water or dusts from regional spraying. Exposure assess- 
ment methods that account for details surrounding ex- 
posure specific to the home and individual are necessary 
to advance our understanding of the effects of 
 pesticide^.^^ 

Few other studies have evaluated the possible relation 
between pesticides and neuroblastoma in a n y  detail. In a 
prospective study of farming families in Norway, Kris- 
tensen et a15 inferred pesticide exposure through farm 
residence and pesticide purchase records. This study 
reported elevated rates of neuroblastoma among chil- 
dren whose families resided on farms around the time of 
birth [OR = 2.5 (95% CI = 1.0-6.1)]. Among the few 
studies of occupational exposures, only one collected 
specific information about pesticide exposure, reporting 
increased risk of neuroblastoma when either the mother 
or father used pesticides on the j0b.3~ The other occu- 
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pational studies, which produced equivocal results, based 
pesticide exposure on the parent’s job title rather than 
specific pesticide exposure 

This study was large and appeared to accurately rep- 
resent children with neuroblastoma. Case children were 
referred through Children’s Cancer Group and Pediatric 
Oncology Group, which are estimated to see nearly 95% 
of all children diagnosed with neuroblastoma in the 
United  state^.'^ Furthermore, the age distribution of 
children in this study was similar to that of the children 
with neuroblastoma identified through the Surveillance, 
Epidemiology, and End Results Program, a population- 
based registry system representing 10% of the US. pop- 
~ l a t i o n . ~ ~  Nevertheless, it is possible that the use of 
random digit dialing to select controls may have resulted 
in similar distributions of pesticide exposure among cases 
and controls, based on pesticide use patterns by geo- 
graphic region. If this occurred in our study, the effect of 
pesticides estimated may be underestimated. 

The amount of information on residential pesticides 
in this study has allowed a more detailed evaluation of 
the relation between pesticides and neuroblastoma than 
previous studies. The differing effects of pesticide in age 
subgroups of neuroblastoma suggest that pesticides may 
be involved in etiologic pathways specific to the types of 
neuroblastoma in older children. 
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