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2 The abbreviations used are: ES, Ewing’s sarcoma; Cl, confidence interval.
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Abstract

An interview case-control study was undertaken to
search for risk factors for Ewing’s sarcoma. The 208
cases, aged 5 months to 22 years at diagnosis and all
white but one, were identified from hospitals
participating in the Intergroup Ewing’s Sarcoma Study
therapeutic trials. Two controls were sought for each
case: a sibling control and an age-matched regional
population control identified through random-digit
dialing telephone procedures. A questionnaire was
administered to the parents of cases and controls.
Parents were more likely to have smoked during the
pregnancy with the case than during the pregnancy
with the unaffected sibling. Risks rose with the number
of cigarettes the mother smoked per day during the
pregnancy. Concepti exposed to less than 1 pack/day
were at 3.2 times the risk, and those exposed to 1 pack
or more were at 6.7 times the risk of the nonexposed.
However, risks associated with smoking were lower
and not statistically significant in analyses using the
region-matched controls. Hernias, mostly umbilical and
inguinal, were diagnosed six times more frequently
among the cases compared to region-matched controls.
However, hernias occurred in just 10% of cases, and
the matched siblings had hernias diagnosed with the
same frequency as the cases. An apparent excess of
heart disorders among cases versus siblings seems
likely to be an artifact of increased medical
surveillance of cases. Fathers of Ewing’s sarcoma cases
were 2 times more likely to work as farmers at the time
of conception than fathers of region-matched controls
and 3 times more likely to have farming as their usual
occupation, but the findings did not reach statistical
significance. Ewing’s sarcoma was not linked to other
factors which were examined: antecedent bone trauma;
cancer among relatives; demographic characteristics
including religion, education, and income; and
anthropomorphic measures (child’s birth height or
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weight or parents’ height or weight). Although a wide
range of demographic, maternal reproductive, child
health, occupational, and family history data were
obtained, Ewing’s sarcoma remains a cancer of
unknown cause.

Introduction

ES2 is a rare form of bone cancer with an annual incidence
of 1.2/million persons/year in the United States (1). Its
determinants have remained elusive, due in part to its
rarity and the difficulty of ascertaining cases for study.

There are important demographic leads, such as the peak
occurrence between the ages of 5 and 24 years (2), and
the much higher incidence among whites than blacks (2-
9) or Asians (1 0), but few other risk factors have emerged.
This report describes the results of a large case-control
study of ES patients participating in multicenter clinical
trials together with region-matched and sibling controls.

Materials and Methods

Cases were ascertained from institutions throughout the
United States participating in the Intergroup Ewing’s Sar-
coma Study, which conducts collaborative clinical treat-
ment trials (11, 12). After institutional clearances and
informed consent were obtained, interviews were con-
ducted from 1 983 to 1 985 with the parents of 208 cases,
or 76% of the cases eligible for interview. Parents of 63
cases were not interviewed; 32 could not be located, 10
did not speak English, 9 refused to participate, 5 had no
telephone, and the remaining 7 were not interviewed for
other reasons. This study includes 34 cases whose par-
ents had been interviewed as part of a pretest for the
study. The pretest and main survey questionnaires were
similar in most respects. Whenever possible, telephone
calls to pretest cases secured any additional information
requested on the main study questionnaire.

Each case was matched to two controls, if available.
One was a sibling control and the second was a control
living in the same geographic region as the case identified
through a random-digit telephone dialing procedure (1 3).
The sibling control was the full sibling closest in age to
the case. When two siblings were equally close in age, a

same-sex sibling was selected; the older sibling was se-
lected if the sexes were the same. The region-matched
control for each case was identified through telephone
calls to homes with telephone numbers similar to that of
the case, which was achieved by varying randomly the
last two digits of the case’s telephone number at the time

of diagnosis of cancer. An interviewer utilized a prepared
text to identify from an adult respondent a youth in the
household of the same race, sex, and birth date (within
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526 A Case-Control Study of the Etiology ofEwing’s Sarcoma

24 months) as the case. Controls without a completed
interview were replaced until all cases with an interview
had an interviewed control. Twenty-six controls were
replaced: 18 because the first parents selected refused
to be interviewed, 3 because of language problems, and
the remaining 5 for other reasons.

The parents of the cases and controls were the

respondents because of our interest in exposures during
pregnancy and early childhood. A relative other than the
index child’s natural parents served as the respondent
for four cases. No sibling control was ascertained for

these cases, and only demographic background and oc-
cupational data for the natural or adoptive parents were
obtained. Thus, 208 cases and 208 region-matched con-
trols were analyzed for demographic and occupational
variables, and 204 of these pairs are included in the
analyses of other variables. Comparisons of cases and
siblings included only 191 pairs, since 13 cases had no
sibling controls available.

The questionnaire collected information about

events during the index pregnancy and delivery starting
1 month before occupation: gestational medical condi-
tions, medical procedures, and medications taken; alco-
hol consumption and smoking habits; and parental oc-
cupation. Additional questions covered events occurring
up to 1 year prior to the diagnosis of ES in the case;
events experienced by the matched controls were cen-
sored also at that same age. The parents’ occupation
during the index pregnancy and the usual occupation
since the index pregnancy were coded using the Stand-
ard Occupational Classification (14) and then grouped
into major categories. Most questions used structured
checklists to obtain medical and exposure histories.

The interviews were structured to inquire first about
either the case or the sibling control. One-half of the
cases were discussed before the sibling control and one-
half afterward. Response frequencies were the same
regardless of the order of inquiry in the 163 pairs of cases
and sibling controls that were analyzed for effects of
question ordering. To further assess potential over-
reporting by case parents, the frequency of diabetes
among the parents and other relatives of cases and re-
gion-matched controls was examined. Diabetes was cho-

sen as a common disease unlikely to be associated with
ES. Diabetes was found to be reported equally by case
and control parents.

For naturally dichotomous variables, a conditional
logistic regression analysis was performed (1 5). Unknown
values for a particular survey question are not shown in
the tables and are excluded from calculations of odds
ratios for that question. Missing data accounted for no
more than 3% of responses, except for questions on
family income and maternal use of antibiotics during
pregnancy. Income data were unavailable for 25 cases
and 23 controls primarily because the respondent did
not know. A report of ES, bone disease, and cancer (all
three conditions) in both maternal grandparents of a
regional control was probably due to a misunderstanding
of the question by the respondents and has been ex-
cluded from the analysis.

Results

Demographic Characteristics. ES in the 208 cases was
diagnosed at ages ranging from 5 months to 22 years

Table I Demographic characteristics of the family ot cases
and regional controls

. .
Characteristic

No. of
cases

No. of
controls

RR
.

95 /o ( I

Total 208 208

Mother’s education
Less than high school 41 29 1.0 (R)’

High school 85 102 0.6 0.3-1.0
Morethan high s(hoOI 82 77 0.8 0.4-1.4

Father’s education
Less than high school 40 39 1 .0 (R)

High school 75 76 0.9 0.5-1.6

More than high school 91 93 0.9 0.5-1.6

Religion
Catholic 73 65 1.3 0.8-2.1
Other Christian 1 24 1 34 1 .0 (R)

Jewish 4 4 1.2 0.2-6.0
None 7 5 1.5 0.5-4.9

Income
$1100-$14,999 52 47 1.0(R)
$15,000-$24,999 61 68 0.8 0.5- 1.3
$25,000-$39,999 46 44 0.9 0.5-1.7

�$40,000 24 25 1.1 0.5-2.5

-, (R), referent.

(mean, 12.0 years; median, 13.0 years). About 60% of
cases and region-matched controls and one-half of the
sibling controls are males. Region-matched controls were
more likely to be first-born compared with cases (41 .7%

versus 35.3%). However, the cumulative percentage of
cases and controls who were first- or second-born was
the same, 64%. The distribution of ages of cases and
controls at time of interview was also similar (18 and 19
years of age on average, respectively). One-third of the
cases were deceased at the time of the interviews with
their parents. Only one case and one regional control
were black. The distributions of parents’ education, in-
come, and religious background did not differ between
cases and regional controls (Table 1).

Parental Reproductive, Life-Style, and Occupational Fac-
tors. No differences between mothers of cases and re-
gion-matched control were observed in the average
number of reported pregnancies (4.0 versus 3.9 for cases
and controls, respectively) or in the average maternal age
at the pregnancy with the index child (25.6 versus 25.5
years). Mothers of 39 cases and 36 controls reported
difficulty in getting pregnant.

During the “index” pregnancy (i.e., with the case,
sibling, or regional control), there were no case-control
differences in the frequencies of maternal medical con-

ditions, procedures, or medications (Table 2). The one
exception is that case mothers were more likely to report
using medications for nausea and vomiting during the
pregnancy with the case than with the unaffected sibling
(odds ratio, 2.6; 95% Cl, 1 .2-5.9).

A survey of parental habits from 1 month before to
the end of the pregnancy (Table 3) revealed that mothers
and fathers were more likely to smoke during the preg-
nancy with the case than with the unaffected sibling, an
excess that reached statistical significance for some of
the smoking factors. For example, having both parents
smoke during the pregnancy was associated with a sig-
nificantly elevated odds ratio of 7.3 (95% Cl, 1.3-41.6).
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Table 2 Medical conditions experienced and medications taken by mother during pregnancy: cases; regional controls; and sibling controls

Conditions, procedures, and medications included on questionnaire checklists, but reported by 5 or fewer regional mothers include: rubella; mononucle-
osis; high blood pressure (not related to toxemia of pregnancy); vaccinations; y-globulin iniection; pain relievers; medications to promote pregnancy;
other hormones; medications to control seizures; sleeping pills; and tranquilizers. Four cases with proxy interviews have been excluded along with their

matched controls.

Regional controls Sibling controls
Factor during pregnancy

Cases Controls RR 95% CI Cases Controls RR 95% CI

Totalno. 204 204 191 191

Conditions

Spottingorcramping 29 26 1.1 0.7-1.9 24 20 1.2 0.7-2.3

Severe nausea, vomiting 52 41 1.3 0.8-2.1 49 42 1.5 0.8-3.1
Eclampsia, toxemia 4 10 0.4 0.1-1.3 4 5 0.8 0.2-3.4

Procedures
Diagnostic X-rays 44 56 0.8 0.5-1.2 41 33 1.5 0.8-3.2

General anesthesia” 77 66 1.3 0.8-2.1 75 78 0.9 0.5-1.6
Cesarean section 8 12 0.7 0.3-1.6 8 12 0.2 0.0-1.7

Medications

Forvomiting, nausea 46 36 1.4 0.8-2.3 42 28 2.6 1.2-5.9

Thyroid 5 8 0.6 0.2-2.0 5 6 1.0 0.3-4.0
Birth control pills 12 11 1.1 0.5-2.5 11 14 0.8 0.3-1.8

To delay labor onset 10 9 1.1 0.5-2.7 9 6 1.8 0.5-6.0
Diuretics, water pills 19 26 0.7 0.4-1.4 19 20 0.8 0.3-2.0

Antibiotics 18 24 0.7 0.4-1.4 18 13 1.5 0.6-3.7
Other prescribed drugs 34 40 0.8 0.5-1.4 31 31 1.1 0.6-2.0

‘, Respondents may have understood the question to mean any anesthesia.

Risk increased with the numbers of cigarettes smoked nancy with the index case (67% and 63%, respectively),
per day by the mother during the pregnancy in the case, and the usual maternal occupation since the child’s birth
when compared to the sibling, with odds ratios of 3.2 for was housewife for both sets of mothers (61% versus 55%)
smokers of less than 1 pack/day (not significant) and 6.7 (Table 4). Employed women were mainly in white-collar
for heavier smokers (95% Cl, 1 .2-37.8). However, in the occupations. Although the confidence intervals included
case-regional control analysis, the odds ratios associated the null value, a 2-fold excess among the cases was
with smoking were lower and did not exceed 1 .5 for any observed for the fathers’ employment in farming during
tobacco use variable. Coffee and alcohol drinking were the child’s gestation, and a 3-fold excess was found for
not associated with ES, nor was having the home exter- farming as the father’s usual occupation.
minated for pests during the time of the pregnancy. Analyses of the parents’ usual adult height and

Review of occupational histories show that most of weight reveal only small absolute differences between
the mothers of cases and regional controls were not the parents of cases and regional controls. Mothers of
employed outside of the home at the time of the preg- cases were slightly taller (164.3 versus 162.8 cm, P for

Table 3 Environmental factors during pregnancy: cases, regional controls, and sibling controls

Four cases with proxy interviews have been excluded, along with their matched controls.

Regional controls Sibling controls
Exposure

Cases Controls RR” 95% Cl Cases Controls RR 95% Cl

Total no. 204 204 191 191

Tobacco use
Mother smoked cigarettes 83 72 1 .3 0.8-2.0 80 75 2.0 0.7-5.9
Father smoked cigarettes 131 121 1.3 0.8-1.9 122 1 14 3.7 1.0-13.1

Which parents smoked
Neither 60 67 1.0 57 62 1.0

Only mother 12 16 0.9 0.4-2.1 12 15 1.5 0.3-9.0
Only father 60 65 1.1 0.7-1.8 54 54 3.1 0.7-14.0
Both 71 56 1.5 0.9-2.7 68 60 7.3 1.3-41.6

Cigarettes mother smoked per day
None 123 136 1.0 113 121 1.0

1-19 48 42 1.3 0.8-2.7 47 44 3.2 0.9-11.8
20 or more 33 26 1.4 0.8-2.6 31 26 6.7 1.2-37.8

Other factors

Drankcoffee 155 156 1.0 0.6-1.5 146 142 2.0 0.6-6.6
Consumed alcohol 81 87 0.9 0.6-1.3 77 76 1.1 0.4-2.9
Home exterminated 12 8 1.7 0.6-4.6 1 1 14 0.7 0.2-1.9

.‘ RR, relative risk.
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RR, relative risk.
b Includes grandparents, aunts, uncles, and cousins,

Table 4 Usual occupation of parents and occupation of pa
of pregnancy: cases and regional controls

rents at time

Regional controls
Type of occupation

Cases Controls RR�
95% Cl

Total no. 208 208
Mother’s usual occupa-

tion
Not employed” 127 1 15 1.2 0.7-1.9

White collar 55 64 1 .0 (R)

Blue collar 12 8 2.0 0.7-5.6
Service 7 14 0.6 0.2-1.6

Farm 1 0
Military and miscella- 2 3

neous

Father’s usual occupation
Not employed 4 0
White collar 90 90 1 .0 (R)

Bluecollar 82 93 0.8 0.5-1.3
Service 6 7 1.1 0.3-3.3

Farm 14 5 3.1 0.9-9.5

Military and miscella- 7 9
neous

Mother’s occupation at

pregnancy
Notemployed” 139 132 1.1 0.7-1.8
White collar 45 49 1 .0 (R)
Blue collar 10 10 1.2 0.4-3.6’
Service 9 12 0,7 0.3-2.0
Farm 0 0
Military and miscella- 1 0

neous

Father’s occupation at

pregnancy
Not employed” 6 12 0.3 0,1-1,0

White collar 79 81 1 .0 )R)
Bluecollar 91 89 1,1 0,6-1.7

Service 13 9 1.8 0,7-4.4
Farm 13 8 2,2 0.7-6.5
Military and miscella- 2 5

neous

RR, relative risk; (R(, referent.
h Not employed includes housewife, unemployed, retired.

paired t test, 0.02) and fathers slightly heavier (81 .5 versus

79.0 kg; P = 0.04) than those of the region-matched
control subjects.

Family History. There were similar frequencies of con-
genital anomalies, bone diseases, and cancer among the

relatives of cases and regional controls (Table 5). None
ofthe parents or siblings had ES or any other bone cancer.
Among grandparents, aunts, uncles, and cousins of the
index children, there also were no significant case-con-

trol differences in the frequencies of medical conditions.
ES was reported in none of the case families and in one
parental aunt from a regional control family.

Birth, Medical, and Environmental Characteristics. The

reported gestational age at delivery of cases and controls
was the same (39 weeks). Mean birth weights were also
comparable, 120 ounces for cases and 119 for both
control groups; mean lengths in inches at birth in the
three groups ranged narrowly from 20.1 and 20.5.

Cases had nearly six times as many hernias as re-
gional controls (19 cases versus 5 controls affected; odds
ratio = 5.7; 95% Cl, 1 .7- 1 9.3) (Table 6). However, siblings
had close to the same number of hernias as cases (odds
ratio = 1 .2). All of the children with hernias were said to
have seen a doctor about it, and most (16 of 19 cases,
13 of 16 sibling controls, 5 of 5 regional controls) oc-
curred before the child’s fifth birthday. Surgery was re-
ported for most of those with hernia: for 1 3 of 1 9 cases;

13 of 16 sibling controls; and 4 of 5 regional-matched
controls. The numbers of umbilical and inguinal hernias
were 7 and 8, respectively, among cases, 5 and 7 among

sibling controls, and 2 and 1 among regional controls. A
review of medical conditions indicated no case-control
differences for prior bone fractures or other bone disor-
ders (Table 6). One regional control and one sibling
control, but no cases, had metal pins or plates implanted

during prior bone surgery. ES risk also was unrelated to
prior history of disorders of the urinary tract, breast, eyes,
and ears, or the digestive tract.

Compared to their siblings, cases had significantly
more heart disorders, but the excess was nonsignificant
when compared with regional controls. No conspicuous
differences among the three groups were noted in the
nature of the heart conditions reported. The most com-
mon heart conditions mentioned were codable to the
International Classification of Diseases (9th Revision) CM
category 7852, “functional and undiagnosed heart mur-
murs” (16), which accounted for 1 1 of 14 heart conditions
reported among cases, 3 of 4 among sibling controls, and
6 of 10 among region-matched controls. Ofthe children
with heart conditions, all but 2 cases were said to have
seen a doctor for the problem, but surgery, medications,

Tab) e 5 History of selected diseases in grandparent s, aunts, uncles, and cousins of cases and regi )nal controls

Maternal side Paternal side
Relatives with RR” 95% CI RR” 95% Cl

Cases Controls Cases Controls

Total no. 204 204 204 204

Parents

Birth defects 4 8 0.3 0.1-1,4 8 4 2.7 0.7-10.1
Bonediseases 8 11 0,7 0,3-1.8 7 8 1.0 0.4-2.9

Cancer 8 9 0.9 0,3-2.4 9 4 2.3 0.7-7.3

Other relatives”
Birth defects 29 46 0.5 0,3-0.9 22 21 1.1 0.6-2.0
Bonediseases 38 49 0.7 0,5-1.2 27 35 0.7 0.4-1.3
Cancer 85 85 1.0 0,7-1.5 72 64 1.2 0.8-1.8
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.‘ Up to the age (minus 1 year) of the case at diagnosis of Ewing’s sarcoma.
1’ RR, relative risk,

Table 6 Medical conditions experienced by child: cases, regional controls, and sibling controls

Conditions reported by 3 or fewer region-matched control mothers and not shown above include disorders of female organs and breast disorders. Four
cases with proxy interviews have been excluded along with their region-matched controls. Three cases diagnosed at or less than 1 year of age and their

region-matched controls are excluded from the case-region-matched control analysis.

Regional controls Sibling controls
Condition

Cases Controls RR� 95% Cl Cases Controls RR� 95% Cl

Total no, 201 201 191 191

Hernia 19 5 5.7 1.7-19.3 19 16 1.2 0.6-2.4

Broken bones 33 31 1.1 0,6-2.0 33 31 1.1 0.6-1.9

Bonedisorders 10 12 0.8 0.3-2.0 10 10 1.0 0.4-2.7

Disorders of heart 14 10 1.4 0.6-3.2 14 4 4.3 1.2-15.2

Urinary tract disorders 1 1 1 3 0.8 0.4- 1 .9 9 1 5 0.6 0.3- 1 .5

Disorders of male organs

No. males 123 123 118 95

With disorder 13 6 2.4 0.8-6.8 13 7 1.8 0.6-5.4

Eye/eardisorders 17 29 0.5 0.3-1.0 17 19 0.9 0.4-1.8

Disordersofdigestivetract 5 10 0.5 0.2-1.5 5 10 0.4 0.1-1.4

RR, relative risk,

or hospitalizations for these conditions were rare in all National Cancer Institute (1). The tumors occur at vir-
three groups. tually all ages (2), but rates are highest in childhood and

A survey of several environmental factors revealed young adulthood. Among children under 15 years of age,
no significant differences in the proportions of cases and ES accounts for 41% of bone cancers and 2% of all
regional controls who lived on a farm, had pets, lived in cancers (18).
a household that had been exterminated, or who had The deficit of ES in blacks (2-9) and apparently
taken poison or an overdose of medication (Table 7). Asians as well (10) has stimulated much interest. In data
Among the cases, a 60% excess of diagnostic X-rays was from the Surveillance, Epidemiology, and End Results
reported, which was of marginal statistical significance. program, covering about 10% of the incident cases of

Results of logistic regression analyses which included cancer in the United States, rates for ES among white
both smoking and hernia variables in the model yielded children under age 18 were about 9 times higher than in
identical estimates of relative risk due to these two factors blacks (2.8/million versus 0.3/million, respectively) (18).
as were obtained from the univariate analyses. Similar contrasts have been noted for New York state,

where the annual incidence over all ages among whites

Discussion is 1 .5/1 ,000,000 compared to only 0.3/1 ,000,000 among

ES is a cancer of obscure etiology in a family of bone and blacks (2). The present series of patients in the Intergroup
soft tissue tumors which includes neuroepitheliomas (1 7). Ewing’s Sarcoma Study is consistent, with only one black
The estimated annual incidence in the United States is among the 208 cases.

1 .2/1 ,000,000 persons, based on data from the Surveil- In our study, five factors occurred more often among
lance, Epidemiology, and End Results program of the ES cases compared to region-matched or sibling controls:

Table 7 Reported exposures� of cases, region-matched controls, and sibling controls

Three cases diagnosed at or less than 1 ye ar of age and their region-matched controls are excluded from the case-region-matched cont rol analysis.

Exposure
Regional controls Sibling controls

Cases Controls RRb 95% Cl Cases Controls RR5 95% Cl

Total no. 201 201 191 191

Lived on farm or ranch 43 34 1 .4 0.8-2.4 Not applicable

Pets in household 160 147 1.5 0.9-2.4 Not applicable
Exterminationofresidenceduring 60 51 1.3 0.8-2.1 55 57 0.8 0.3-2.0

gestation
Overdose of medications or poison 25 19 1.4 0.7-2.8 24 24 1.0 0.5-2.1
Diagnostic X-rays 94 77 1.6 1.0-2.5 90 76 1.6 0.9-2.6
Dental X-rays 108 102 1.2 0.7-1.8 101 103 0.9 0.4-1.8
Radiotherapy 2 2 2 2
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the taking of antinausea medications by the mother dur-
ing pregnancy, hernias, heart conditions, parental smok-
ing, and father’s occupation in farming. However, no
factor was observed to be significantly more frequent in
both the case-sibling and the case-regional control anal-
yses. Our findings generally agree with those from a
preliminary analysis of about one-half of the cases and
controls in this study (19). The greater case frequency of
taking antiemetic medications during pregnancy seems
unlikely to have etiological meaning, since the associa-
tion was not significant in the regional control analysis

and nausea is a rather nonspecific symptom of
pregnancy.

Inherited susceptibility to ES has been suspected, as
suggested by occasional reports of siblings with ES (20,
21). However, our study revealed no occurrences of ES
in close relatives of cases, nor do other cancers occur
more frequently in the cases or their families. Familial
clustering of cancer was also absent in a study of 62
children with ES reported to the Manchester Children’s
Tumor Registry in England from 1954 to 1986 (22).

An excess of hernias and heart conditions was seen
among ES cases when compared with one of the control
groups, but not both. The hernias, generally umbilical or
inguinal and occurring early in life, were about equally
frequent in cases and their siblings but 6 times more
common among cases compared to region-matched con-
trols. It is difficult to explain this pattern or exclude the
possibility of detection bias in families with ES. However,
the majority of hernias in each of the groups were sur-
gically treated, providing some validation for the reported
hernias. The magnitude of the association of hernias with
Ewing’s sarcoma was relatively high. However, hernias
are relatively common, with 49/1000 discharges from
U.S. hospitals each year at ages under 15 (23). Also, ES
is very rare, and hernia was linked to ES in only a small
proportion of cases in this study. Thus, hernias in early

childhood are not likely to serve as a good marker to
identify persons at high risk for ES. Although heart con-
ditions also occurred in excess among cases compared
to their siblings, similar findings were not observed in the
regional control analysis, and the cardiac problems were
mainly functional heart murmurs not involving hospitali-
zation or surgery, suggesting overreporting among cases,
underreporting among siblings, or both. Neither hernias
nor heart conditions were linked to ES in a smaller case-
control study in California (24).

Like one small series of ES patients (25), we saw no
excesses of skeletal or urogenital anomalies, in contrast

to an apparent increase of these conditions in a series of
1 54 cases of ES from the clinical services of the National

Cancer Institute (26). Congenital anomalies also ap-
peared to be increased, but not significantly, among the
1 6 cases of ES in a study of pediatric soft tissue and bone
cancers in Britain compared to controls drawn from gen-
eral practitioner and hospital records (27). The influence
of recall bias and differences in diagnostic practices and
classifications in accounting for these excesses is unclear.

In the comparison of ES cases with their siblings but

not with regional controls, an association with parental
smoking during pregnancy was observed. The relation-
ship was noted for both parents and increased with the
number of cigarettes smoked per day by the mother.
However, risk estimates were much lower and confi-
dence intervals included 1 .0 when cases were compared

to regional controls. Parents’ smoking habits have been

evaluated in relation to various childhood cancers with
inconsistent results. Maternal smoking during pregnancy

has been associated with all cancers (28-31), leukemia
(28, 31), lymphoma (28, 31), and Wilms’ tumor (31), but

some findings have not reached statistical significance,
and other studies have shown no relation to childhood
neoplasms (27, 32-40), including Ewing’s sarcoma (24).
Less attention has been given to the effects of paternal
smoking, but associations have been reported for all
cancers, leukemia, lymphoma, and brain cancer (nonsta-
tistically significant) (28) and rhabdomyosarcoma (36),
although other studies have been negative (24, 27, 38,
40, 41). Despite the absence of an effect in the analysis
of cases versus regional controls, the strength of the

association observed with maternal and paternal smoking
in our cases versus sibling comparison calls for further

study.
Little is known about the role of environmental fac-

tors in ES. The evidence for geographic variation is limited
and possibly influenced by regional differences in diag-
nostic practices. One study in Sweden suggested that the
incidence rate of primary bone cancers, including ES,

was elevated in a steel-producing area (42). Two small
time-space clusters of ES have been noted, one in west-
em Australia associated with exposure to farm animals
(43) and one near San Francisco (44). In this study, no
sociodemographic differences were seen between cases
and controls, including parental education or income.
Only one mother in this study had farming listed as her
occupation. However, compared to region-matched
controls, farming was twice as likely to be the case’s
father’s occupation during gestation and 3 times as likely
to be the father’s usual occupation, although the findings
did not reach statistical significance. This observation
warrants further study in view of the farm-related ES
cluster in Australia (43) and a recent report from the
United States. That report found that the fathers of 43 ES

cases were almost 9 times more likely than the 193
controls selected by random-digit dialing to have worked
in an agricultural occupation and 6 times more like to
have been exposed to herbicides, pesticides, and fertil-

izers (24). The same study also showed an excess of
childhood poisoning or medicine overdose among the

ES cases, which we did not observe in our study and
which the authors ofthe report attributed to uncontrolled

confounding.
Trauma to bone has also been hypothesized to be a

risk factor for ES as well as other bone cancers, based on
published case reports (45, 46). In one case, ES arose
where a metal plate had been attached to bone (46), but

we found no case-control differences in the frequency

of bone fractures or the presence of metal plates.
Consistent with the recently conducted study in

California (24), we found no relationship between ES and
either the mother’s or father’s height or weight or the

child’s height or weight at birth, in contrast to a British
study suggesting that cases tended to have lower birth
weights than controls (27). Height and weight measures

at the time of the diagnosis of ES were not available, and
there was no practical way of obtaining accurate data
about height before the interview. Therefore, it was not
possible to evaluate reports that ES patients may be
somewhat taller (47) or the same size as controls (48).
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We found no case-control differences in the attained
height or weight of the mothers or fathers.

Some methodological aspects of this study deserve
attention: sample size; the use of random-digit dialing to
identify controls; the use of two control groups; and
potential overreporting among cases and underreporting
among controls. Also, a large number of factors were
examined, and some positive findings are likely to occur
by chance alone. Despite the rarity of ES, we succeeded
in assembling the largest series to date for an epidemio-
logical study. A modified random-digit telephone tech-
nique (13) was used to identify region-matched controls
for cases, a commonly used technique to screen effi-
ciently for age-comparable general population controls.
It has been noted (49) that this approach selectively
undersamples children from households with multiple,
closely spaced siblings. However, our study revealed no
differences in the total number of pregnancies among
case versus control families.

Two control groups were included in this study, and

each type of control has merits and limitations. Sibling
controls were selected primarily out of a concern about
potential recall bias by families having a child with serious
illness compared to families of healthy children. How-
ever, the use of a sibling control matches for factors
which may be of interest, and it does not eliminate the
possibility that parents may differentially recall events
that involve the affected child. The regional controls were
helpful in addressing questions about potential risk fac-

tors which would be the same for cases and siblings (e.g.,
income, occupation, height).

Despite the opportunity to examine a number of
potential risk factors for ES, this case-control interview
study yielded surprisingly few etiological leads. The ma-
jor findings were an excess of hernias among the cases,

an association with parental smoking during pregnancy,
and a possible excess among cases of paternal employ-
ment in farming. Further case-control studies of ES should
pursue these leads and employ molecular and biochem-
cal techniques such as those suggesting that this is a

primitive mesenchymal neoplasm which can differentiate
along various pathways (50), especially with neural fea-
tures resembling neuroepithelioma (51).

Future epidemiological studies would best be han-
dIed in conjunction with multicenter clinical therapeutic
trials of this cancer or through population-based cancer
registries because of the difficulty of obtaining sufficient

numbers of cases through other means. As cases accrue
in clinical trials, specimens could be obtained for allelo-
typing of ES (52) and to identify the pathogenetic role of
specific oncogenes and tumor suppressor genes (53).

Furthermore, when the t(1 1,22) chromosomal trans-
location in ES (54, 55) is isolated, the rearranged genes

can be examined for diversity among racial groups, which
might explain this predominance of these neoplasms
among whites. These efforts could be supplemented by
interview studies using random-digit dialing approaches
to select controls or by using neighborhood, schoolmate,
or sibling controls, but, given the likely wide geographic
dispersion of ES cases and the likely in-home setting of
the interviews, biological specimen acquisition may be
impractical. Biological specimens could be obtained from
controls in some circumstances, such as when controls
are hospital patients undergoing diagnostic or therapeu-
tic procedures. Because so little is still known about this

cancer, information to be collected should include: a
detailed medical history and family history; histopathol-

ogy; clinical course of disease; anthropometry; an occu-
pational history; demographic data; and health habits.
Further careful examination of these factors may confirm
potential risk factors identified to date and result in the
discovery of new etiological leads.
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