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Hormone and Fertility Drug Use and the Risk of Neuroblastoma: A Report
from the Children’s Cancer Group and the Pediatric Oncology Group
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Stram,® Robert C. Seeger,® A. Thomas Look,” Susan L. Cohn,®® Robert P. Castleberry,'® and Melissa L. Bondy"

Previous epidemiologic studies have suggested an association between maternal sex hormone use during
pregnancy, including infertility medication, and an increased risk of neuroblastoma in the offspring. The authors
conducted a case-control interview study from 1992 to 1996 that included 504 children less than 19 years of age
whose newly diagnosed neuroblastoma was identified by two national collaborative clinical trials groups in the
United States and Canada, the Children’s Cancer Group and the Pediatric Oncology Group. Controls, matched
to cases on age, were identified by random digit dialing. No association was found for use of oral contraceptives
before or during pregnancy (first trimester odds ratio (OR) = 1.0, 95% confidence interval (Cl): 0.5, 2.1). The
odds ratio was slightly elevated for history of infertility (OR = 1.4, 95% CI: 0.9, 2.1) and ever use of any infertility
medication (OR = 1.2, 95% ClI: 0.7, 2.2). Specifically, ever use of clomiphene was associated with a 1.6-fold
increased risk (95% CI: 0.8, 3.0) but not periconceptionaliy or during the index pregnancy. A suggestive pattern
was found for gender of the offspring, with an increased risk for males but not for females after exposure to oral
contraceptives or clomiphene. This study did not find consistent and large increased risks for maternal use of
hormones, but the suggestion of an association for male offspring requires further consideration. Am J Epidemiol

1999;150:930-8.
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Neuroblastoma is an embryonal tumor derived from
neural crest cells that involve the sympathetic ganglia,
adrenal medulla, and other sites (1). It is the most com-
mon tumor in infants and the second most common
solid tumor of childhood. This relatively early age at
diagnosis suggests a possible etiologic relation with
preconception and in utero exposures. In addition, neu-
roblastoma has several biologic features, such as
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MYCN oncogene amplification, that may provide use-
ful markers for the identification of etiologically dis-
tinct subgroups (1).

Several epidemiologic studies have reported associa-
tions with a variety of environmental and other expo-
sures (2-6). Of these risk factors, some but not all stud-
ies have found an increased risk of neuroblastoma
associated with maternal use of sex hormones before
and during pregnancy (4-6). One recent study reported
a 10-fold increase in risk for hormone use related to
infertility (6). The risk was particularly elevated among
exposed male children. Use of these medications is pos-
sible during early gestation prior to the recognition and
diagnosis of pregnancy by the woman and her physi-
cian. The possibility that in utero exposure to sex hor-
mones may be associated with carcinogenic effects in
human offspring has been suggested and most notably
demonstrated in studies of diethylstilbestrol (7, 8).

We evaluated maternal medication use as part of a
large case-control study of risk factors for neuroblas-
toma. This report focuses on sex hormone use, infertil-
ity, and medication use related to infertility.

MATERIALS AND METHODS

Cases were those patients less than 19 years of age
who were newly diagnosed with neuroblastoma at one
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of 139 participating hospitals in the United States and
Canada in 1992-1996. The hospitals are members of
either of two pediatric collaborative clinical trials
groups, the Children’s Cancer Group and the Pediatric
Oncology Group (9, 10). (Participating principal
investigators and institutions, and their corresponding
grant numbers, are listed in appendix tables 1 and 2.)
The treating physician provided consent to approach
the parents for permission to participate in the study.
Case eligibility criteria included availability of the bio-
logic mother, ability of that mother to speak either
English or Spanish, and the existence of a telephone in
the home. A total of 741 potentially eligible cases were
identified, and 538 of the mothers were interviewed
successfully (73 percent of those eligible). Reasons for
nonparticipation included physician refusal (n = 90, 12
percent), refusal (n = 57, 8 percent), not traceable (n =
44, 6 percent), and other reasons (n = 12, 2 percent).

One control for each case was identified by using a
random digit dialing procedure (11). The procedure is
based on adding two random digits to the first eight
digits of the home telephone number of the case. Each
randomly generated telephone number of a control was
tried six times or until a final disposition was reached.
Numbers were called twice during the day on week-
days, twice during the evening, and twice on the week-
end. Each call was made on different days and at dif-
ferent hours of the day. Controls were individually
matched to cases on date of birth (6 months for cases
<3 years of age and +1 year for cases >3 years of age).
Eligibility criteria for controls were the same as those
for cases. The response proportion was 74 percent for
the screening phase of the random digit dialing proce-
dure. Of the 703 eligible mothers of controls who were
identified, 142 (20 percent) refused to participate and
57 (8 percent) could not be located. An interview was
completed for 504 mothers of controls (72 percent of
those eligible). The analysis was based on the 504
available matched case-control pairs.

The mothers of the cases and controls were contacted
after a signed consent form was received. After initial
contact, the parents were sent a packet with consent
forms and an interview guide. The interview guide con-
tained lists of exposures, including medications, and
was used to facilitate recall and increase interview effi-
ciency. A structured telephone interview was then con-
ducted with the mother, and information was collected
on demographic factors, pregnancy history, birth
defects in offspring, pregnancy and birth complications,
radiation exposure, occupational history, family med-
ical history, and tobacco use and alcohol consumption.

Information on hormone and fertility medication use
was gathered in two separate sections of the question-
naire. One included specific questions on contracep-
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tive use, such as ever use of birth control pills, pill
name, whether exposure occurred when the mother
was pregnant, and use of other types of birth control.
Specific questions were asked about visiting a physi-
cian because of difficulty in becoming pregnant, treat-
ment received, use of fertility drugs such as
clomiphene, and dates of use. In addition, we inquired
about pregnancy complications, such as vaginal bleed-
ing and threatened miscarriage, that might be indica-
tions for hormone use.

The main questionnaire section prompted maternal
recall of past medication use by first asking mothers if
they had ever used a medication for a specific indica-
tion, such as oral contraception or treatment of infertil-
ity. Positive responses to these prompts were followed
by questions on the specific name of the medication,
time period of use (2-12 months before pregnancy, in
the month before pregnancy, and by trimester), and fre-
quency and duration of use. Medications were coded by
using the Slone Epidemiology Unit, Boston University
School of Medicine (Brookline, Massachusetts) drug
dictionary coding system. The analysis was based on
groups of medications used for the same indication
(oral contraceptives and fertility drugs) and, where pos-
sible, on specific medications. Specific fertility drugs
included clomiphene, medroxyprogesterone acetate,
menotropins, urofollitropin, danazol, leuprolide
acetate, bromocriptine, and human chorionic
gonadotropin. Reported fertility drugs that act by
inducing ovulation (clomiphene, bromocriptine,
menotropins) were evaluated as a separate group. The
medication variables were analyzed within four distinct
time windows defined by ever use, use 2—-12 months
prior to pregnancy, use 1 month before pregnancy, and
use during the first trimester. The last menstrual period,
as estimated by maternal recall, was used to define the
start date of the index pregnancy.

Conditional logistic regression analysis was used to
estimate the odds ratios and 95 percent confidence
intervals for matched data (12). Factors evaluated as
potential confounders included child’s gender; par-
ents’ age, tobacco use, and alcohol consumption; and
mother’s race, education, report of household income
in the subject’s birth year, parity, gravidity, history of
miscarriage, history of induced abortion, and multivi-
tamin use. Given the results of previous studies, we
also examined potential effect measure modification
by age at diagnosis, gender, and history of miscarriage.
Additional exploratory analyses were conducted to
evaluate the association with medication use among
case subgroups defined by stage of disease and tumor
MYCN oncogene amplification status. The interna-
tional stage classification system (1) was used to clas-
sify cases according to stage of disease. Both stage and
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MYCN oncogene status are strong prognostic factors
for neuroblastoma, and use of MYCN oncogene
amplification is thought to identify a genetically and
clinically distinct subgroup of neuroblastomas (13).
MYCN oncogene copy number was determined by
either Southern blot analysis (14) or fluorescence in
situ hybridization (15). For this analysis, MYCN onco-
gene data were available for 381 (76 percent) cases.

RESULTS

The distribution of selected maternal demographic
characteristics as well as the index child’s gender and
age are presented in table 1. Mothers of cases tended
to have less education and to report a lower household
income in the birth year than mothers of controls.

TABLE 1.
United States and Canada, 1992-1996

There were slightly fewer female cases than controls,
and the ages of the cases and controls were very simi-
lar, as expected by the matching process.

The results of the analysis of oral contraceptive use
within each of the four time windows of interest are
shown in table 2. Odds ratios adjusted for mother’s
race, education, and reported household income in the
birth year are presented. Further adjustment by mater-
nal age, parity, gravidity, history of induced abortion
and miscarriage, and multivitamin use did not alter the
odds ratio estimates. The estimates for ever use of oral
contraceptives, use 2—12 months prior to pregnancy,
use 1 month before pregnancy, or use in the first
trimester were all 1.0.

A total of 79 (15.7 percent) mothers of cases and 60
(11.9 percent) mothers of controls reported having

Selected characteristics of children and their mothers, case-contro! study of neuroblastoma,

Cases

Controls

OR* 95% CI*
No. %t No. %
Child’s gender
Male 279 55.4 251 49.8 1.0
Female 225 446 253 50.2 0.8 0.6,1.0
Child’'s age (years)
<1 193 38.3 196 38.9 1.0
1-2 171 33.9 167 33.1 1.2 0.6,2.2
34 90 17.9 90 17.9 —1 —
5-6 29 5.8 30 5.9 —1 —1
7-10 15 3.0 15 3.0 — —1
211 6 1.2 6 1.2 —3 —3
Mother’s race
White 409 81.2 396 78.6 1.0
Black 36 71 39 7.7 0.7 04,14
Hispanic 41 8.1 54 10.7 0.6 0.4,11
Other 18 3.6 15 3.0 1.3 0.6,2.8
Mother’s education
<High school 54 10.7 51 10.1 2.2 0.8,6.3
High school 341 67.7 318 63.1 1.3 09, 1.8
College 109 21.6 135 26.8 1.0
Mother's age (years)
<20 44 8.7 35 6.9 13 08,27
20-24 112 22.2 110 21.8 1.2 0.8,1.8
25-30 200 39.7 206 40.9 1.0
31-39 138 27.4 146 29.0 0.8 0.6,1.2
240 10 2.0 7 1.4 35 0.7, 16.8
Mother’s report of household income
in birth year ($)
<10,000 84 17.7 54 1.1 1.6 08,33
10,000-20,000 85 17.9 91 18.7 1.4 0.7,2.7
21,000-30,000 82 17.3 114 235 1.0
31,000-40,000 73 15.4 86 17.7 1.8 09,36
41,000-50,000 51 10.7 52 10.7 1.0 04,23
>50,000 100 21.0 89 18.3 1.6 0.7,3.5

* OR, matched odds ratio; Cl, confidence interval.

1 Some numbers do not total 100% because of rounding.

1 No discordant matched pairs.
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TABLE 2. Oral contraceptive and fertility medication use and risk of neuroblastoma, United States and
Canada, 1992-1996

Cases* Controls*
ORt.$ 95% Clt
No. % No. %
Ever used oral contraceptives
No 319 69.8 317 69.4
Yes 138 30.2 140 30.6 1.0 07,13
Used oral contraceptives 2-12 months
before pregnancy
No 320 70.0 318 69.6
Yes 137 30.0 139 304 1.0 07,13
Used oral contraceptives 1 month
before pregnancy
No 429 93.7 431 941
Yes 29 6.3 27 5.9 1.0 0.6, 1.8
Used oral contraceptives during first
trimester
No 442 96.3 444 96.7
Yes 17 3.7 15 33 1.0 0.5, 2.1
Ever used any fertility drug
No 431 93.9 433 94.3 .
Yes 28 6.1 26 5.7 1.2 0.7,2.2
Used any fertility drug 2-12 months
before pregnancy
No 444 96.7 440 959
Yes 15 3.3 19 4.1 0.8 04,18
Used any fertility drug 1 month before
pregnancy
No 451 98.3 442 96.3
Yes 8 1.7 17 37 0.5 02,11
Ever used any ovulation-inducing drug
No 432 941 437 95.2
Yes 27 5.9 22 4.8 1.5 08,27
Used any ovulation-inducing drug
2-12 months before pregnancy
No 444 96.7 445 96.9
Yes 15 3.3 14 3.1 1.1 05,24
Used any ovulation-inducing drug 1
month before pregnancy
No 451 98.3 442 96.3
Yes 8 1.7 17 37 0.5 02, 1.1
Ever used clomiphene
No 433 94.3 439 95.6
Yes 26 5.7 20 44 1.6 0.8,3.0
Used clomiphene 2-12 months
before pregnancy
No 445 96.9 447 97.4
Yes 14 31 12 2.6 1.2 05,29
Used clomiphene 1 month before
pregnancy
No 452 98.5 445 96.9
Yes 7 1.5 14 3.1 0.5 0.2,1.2

* The total number of subjects may vary across time periods because of missing data.
1 OR, matched odds ratio; Cl, confidence interval.
1 Adjusted for mother’s race, mother’'s education, and household income in the birth year.
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visited a physician or clinic because of difficulty in
becoming pregnant (adjusted odds ratio (OR) = 1.4; 95
percent confidence interval (CI): 0.9, 2.1). The odds
ratio for ever use of infertility medication was 1.2 (95
percent CI: 0.7, 2.2). No increased risk was found for
use of any fertility drug 2-12 months prior to preg-
nancy or 1 month before pregnancy (table 2). Ever use
of clomiphene was associated with a 1.6-fold increase
in risk, although the effect diminished when evaluated
during the period of 2-12 months prior to pregnancy
(OR = 1.2, 95 percent CI: 0.5, 2.9) and dropped below
1.0 during the month prior to pregnancy (OR = 0.5, 95
percent CI: 0.2, 1.2). Only one mother reported use of
clomiphene in the first trimester. Fertility drugs
grouped by ovulation induction as their primary mode
of action showed elevated odds ratios for ever use, but
not in the year or month prior to pregnancy, similar to
the results for clomiphene, the most prevalent drug in
this group. Medroxyprogesterone acetate, menotropins,
urofollitropin, danazol, leuprolide acetate, bromocrip-
tine, human chorionic gonadotropin, and other unspec-
ified fertility drugs were not associated with an
increased risk of neuroblastoma, although the number
of exposed cases and controls was relatively small (data
not shown).

There was a suggestion of an increased risk for male
compared with female offspring associated with
maternal use of oral contraceptives and fertility drugs.
The strongest associations were found for male chil-
dren whose mothers took oral contraceptives 1 month
prior to pregnancy (OR = 1.4, 95 percent CI: 0.4, 4.5
for males; OR = 0.5, 95 percent CL: 0.2, 1.4 for
females) and during the first trimester (OR = 1.9, 95
percent CI: 0.4, 8.8 for males; OR = 0.5, 95 percent CI:
0.2, 1.5 for females). Examination of the type of oral
contraceptive reported did not reveal an association
with any particular one. Similar to oral contraceptives,
there were some suggestive elevated odds ratios asso-
ciated with exposure of male children to fertility drugs.
Exposure to ever use of any fertility drug was associ-
ated with an odds ratio of 1.5 (95 percent CI: 0.5, 4.5)
for boys and 1.0 (95 percent CI: 0.4, 2.2) for girls. The
risk associated with clomiphene use was approxi-
mately twofold higher for males (OR = 1.7, 95 percent
CI: 0.3, 8.6) compared with females (OR = 1.2, 95 per-
cent CI: 0.3, 2.8) in the year prior to pregnancy.
However, no gender difference was observed for
clomiphene use in the month before pregnancy. No
consistent pattern of effect measure modification was
found for age at diagnosis or history of miscarriage.

Analysis of case subgroups based on stage of dis-
ease did not indicate any consistent associations. There
were 67 cases with a tumor positive for MYCN onco-
gene amplification and 314 without amplification.

This small number of positive cases limited our analy-
sis; however, a suggestive difference was found for
oral contraceptive use in the month before pregnancy
(OR = 3.7, 95 percent CI: 0.6, 21.8 for MYCN onco-
gene amplified; OR = 0.6, 95 percent Cl: 0.3, 1.3 for
unamplified) and during the first trimester (OR = 15.3,
95 percent CI: 1.2, 188.4 for MYCN oncogene ampli-
fied; OR = 0.5, 95 percent CI: 0.2, 1.5 for unampli-
fied). Clearly, these estimates are imprecise, as evi-
denced by the wide confidence intervals. Fertility drug
use did not show any pattern of difference based on
MYCN oncogene status.

We also explored the risk associated with specific
medical conditions that are indications for use of sex
hormones during pregnancy, including threatened mis-
carriage and vaginal bleeding. There was no associa-
tion with vaginal bleeding (adjusted OR = 1.1, 95 per-
cent CI: 0.8, 1.6). However, an elevated odds ratio was
found for threatened miscarriage (OR = 1.6, 95 percent
CI: 1.0, 2.6). Examination of specific medications used
by mothers who reported “threatened miscarriage”
showed only one occurrence of hormone use.

DISCUSSION

In general, our results did not indicate a clear and
consistent pattern of association between use of sex
hormones, particularly oral contraceptives and infertil-
ity medications, and an increased risk of neuroblas-
toma. Ever use of clomiphene prior to the index preg-
nancy was associated with a moderately increased risk,
although chance could explain the finding, as the risks
in the year or months prior to pregnancy were reduced.
A suggestive pattern of effect modification by gender,
specifically elevated risks for male offspring compared
with no increase for female offspring, was found for
oral contraceptive use and infertility drug use.
However, these estimates were generally imprecise
because of small numbers of subjects. In addition,
there was some inconsistency in the magnitude of the
associations depending on the time period relative to
pregnancy. Some of the strongest associations were for
ever use and use of the hormone in the year prior to
pregnancy, time periods apparently not critical to
induction of tumors in the conceptus.

Previous epidemiologic studies have suggested an
increased risk for neuroblastoma when hormones are
taken prior to or during pregnancy. However, results
have been inconsistent, and the specific indications for
hormone use, the types of hormones used, and the
strength of the association have varied among studies.
Kramer et al. (4) reported associations for sex hor-
mones used 3 months prior to or during pregnancy, and
during pregnancy. Three women (two cases and one
control) reported use of fertility drugs. Schwartzbaum
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