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Rhabdomyosarcoma (RMS) is a rare, highly malignant tumor
of developing skeletal muscle that can occur anywhere in the
body. Although RMS is the most common soft tissue sarcoma in children,1 the annual incidence is only 4.6 per million in those younger than 20 years of age.2 In the United
States, about 350 children and adolescents are diagnosed with
RMS per year,3 and half of those cases occur before 10 years
of age.2 The two major histologic subtypes of RMS are
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embryonal (70% of cases) and alveolar ( 30% of cases),
which is a distinct biological entity driven by a speciﬁc chromosomal translocation between either PAX3 or PAX7 and
FOXO1 in 80% of cases.4–6
Because of the rarity of these tumors, and the potential etiologic heterogeneity between subtypes, relatively little is known
about the epidemiology and etiology of childhood RMS. Previous reports have tentatively identiﬁed a few potential risk factors, including prenatal X-ray exposure,7 maternal drug use,8
advanced maternal age,9 large for gestational age at birth9 and
congenital malformations.10 Additionally, a small percentage of
cases are associated with known genetic disorders, such as
neuroﬁbromatosis Type 1 and the Li-Fraumeni familial cancer
syndrome.11,12 Because these risk factors do not account for a
majority of cases, there is a need to identify additional risk factors for childhood RMS.
Allergies and atopic conditions (e.g., asthma, eczema and
hives) have been evaluated as risk factors for several malignancies including childhood leukemia.13,14 In a recent metaanalysis, Linabery et al.13 reported an inverse association
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Rhabdomyosarcoma (RMS) is a highly malignant tumor of developing muscle that can occur anywhere in the body. Due to its rarity, relatively little is known about the epidemiology of RMS. Atopic disease is hypothesized to be protective against several
malignancies; however, to our knowledge, there have been no assessments of atopy and childhood RMS. Therefore, we explored
this association in a case-control study of 322 childhood RMS cases and 322 pair-matched controls. Cases were enrolled in a
trial run by the Intergroup Rhabdomyosarcoma Study Group. Controls were matched to cases on race, sex and age. The following
atopic conditions were assessed: allergies, asthma, eczema and hives; in addition, we examined other immune-related factors:
birth order, day-care attendance and breastfeeding. Conditional logistic-regression models were used to calculate an odds ratio
(OR) and 95% confidence interval (CI) for each exposure, adjusted for age, race, sex, household income and parental education.
As the two most common histologic types of RMS are embryonal (n 5 215) and alveolar (n 5 66), we evaluated effect heterogeneity of these exposures. Allergies (OR 5 0.60, 95% CI: 0.41–0.87), hives (OR 5 0.61, 95% CI: 0.38–0.97), day-care attendance
(OR 5 0.48, 95% CI: 0.32–0.71) and breastfeeding for  12 months (OR 5 0.36, 95% CI: 0.18–0.70) were inversely associated
with childhood RMS. These exposures did not display significant effect heterogeneity between histologic types (p > 0.52 for all
exposures). This is the first study indicating that atopic exposures may be protective against childhood RMS, suggesting additional studies are needed to evaluate the immune system’s role in the development of this tumor.
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What’s new?
According to immune surveillance theory, allergies and atopic disease may protect against certain childhood malignancies,
most notably leukemia. The same associations, however, have not been explored for rhabdomyosarcoma (RMS), a rare and
highly malignant disease, but the most common soft-tissue sarcoma in children. In this assessment, allergies, hives, day-care
attendance, and breastfeeding (for 12 months or longer) were found to be inversely associated with childhood RMS. In addition, as the number of atopic conditions increased, RMS risk decreased. The results point to a possible role for the immune
system in the development of childhood RMS.

between atopy/allergies and childhood acute lymphoblastic
leukemia (ALL) [odds ratio (OR) 5 0.69, 95% conﬁdence
interval (CI) 5 0.54–0.89]. Additionally, other factors related
to immune system development (birth order, day-care
attendance and breastfeeding) seem to be associated with
childhood malignancies, including ALL.15–17 It has been suggested that those with history of allergy and atopic conditions
may have a greater capacity to detect and destroy aberrant
cells, the so-called immune surveillance theory.14
Despite these associations, little work has been done to
characterize the role of immune system development, allergies
and atopy on childhood RMS risk. As childhood RMS seems
to share some other risk factors with ALL including prenatal
X-ray exposure,7,18 being born large for gestational age,9,19
having neuroﬁbromatosis Type 110,20 and having a congenital
malformation,21 the goal of our study was to explore the association between atopic conditions, as well as other immunerelated factors15,22–25 and childhood RMS. We used data from
one of the largest case-control studies of childhood RMS with
extensive questionnaire data to explore this association.

Material and Methods
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Study population

Details of this case-control study have been described previously.7,8,10 Brieﬂy, cases were patients with RMS in one clinical
trial conducted by the previous Intergroup Rhabdomyosarcoma Study Group (IRSG), which became part of the Children’s Oncology Group (COG) in 2000. IRSG treatment
protocols enrolled 80% to 85% of all childhood RMS cases in
the United States.26 For our study, cases were 0 to 20 years of
age at diagnosis and were consecutively entered into IRS-III
from April 1982 to July 1988. The diagnoses and histologic
subtype (i.e., embryonal, alveolar and other) of all cases were
conﬁrmed by central expert pathology review. There were 511
patients 0 to 20 years of age in IRS-III during the study
period, of whom 440 cases were eligible for our study and 351
had completed interviews. Of the 71 ineligible cases: 29 had
no home telephone; nine were not United States residents; 18
were treated in institutions that did not have Institutional
Review Board approval and 15 came from families that did
not speak English or Spanish. In addition, 89 eligible cases did
not participate due to parental (n 5 41) or physicians’ (n 5 30)
refusals, whereas 18 families could not be located. In summary,
73% (n 5 322) of eligible cases were interviewed and matched
with controls.7,8,10

Controls were selected by random-digit telephone dialing
during the same period. Speciﬁcally, a case’s area code and
ﬁrst ﬁve digits of the telephone number were used with two
randomly selected terminal digits to search for a matching
control. Controls were pair matched to cases on race, sex and
age (within 1 year for cases aged less than 5 years and within
3 years for cases aged 5 to 20 years). Of homes with a
matching child, 22% refused to participate.7,8,10
Data collection and variables

Data were collected from case and control families by telephone interview using a structured questionnaire. Both
mother and father were asked to participate in the interview.
The mean duration of the interview was 70 min for case and
68 min for control families. Interviews were conducted in
English or Spanish (six cases and two control families). The
interview included questions about childhood and parental
environmental exposures, conditions, lifestyles and behavioral
factors. On average, parents were asked to recall exposures,
which occurred 8 to 9 years before the interview.
For this analysis, we focused on the child’s history of allergies and atopic conditions. Therefore, we evaluated the following questions: “Does your child have allergies?”; “Has your
child ever had asthma?”; “Did your child have eczema before
the date of diagnosis or enrollment in study?”; “Did your child
have hives before the date of diagnosis or enrollment in study?”
In addition, we examined the following immune-related factors:
birth order (1, 2,  3); day-care attendance before kindergarten
(no or yes); breastfeeding (no or yes) and breastfeeding duration in months (categorized as 0, < 6, 6–12,  12).
Covariates for this analysis were selected a priori based on
previous literature14 and included: ethnicity of child (nonHispanic or Hispanic); maternal education (less than high
school, high school or more than high school); paternal education (less than high school, high school or more than high
school) and total annual household income in United States
Dollars (categorized as < $20,000, $20,000–$39,999,  $40,000).
Additionally, the following factors were included in all statistical models as they were matching factors: sex of child (male
or female); race of child (white, black or other) and age at
diagnosis/enrollment (years).
Statistical analysis

For categorical variables, frequency distributions were tabulated for cases and controls, while means and standard
C 2013 UICC
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Table 1. Characteristics of childhood rhabdomyosarcoma cases and
controls
Characteristic

Cases, n (%),
n 5 322

Table 2. Selected atopic conditions and childhood
rhabdomyosarcoma

Controls,
n (%), n 5 322

Atopic
condition

Controls,
n (%)

Cases,
n (%)

OR1

95% CI

Allergies

Sex of child
Male

215 (66.8)

215 (66.8)

No

196 (63.6)

237 (74.5)

1.00

Ref.

Female

107 (33.2)

107 (33.2)

Yes

112 (36.4)

81 (25.5)

0.60

0.41–0.87

White

287 (89.1)

291 (90.4)

No

281 (89.5)

296 (92.8)

1.00

Ref.

Black

20 (6.2)

21 (6.5)

Yes

33 (10.5)

23 (7.2)

0.66

0.37–1.18

Other

15 (4.7)

10 (3.1)

Eczema
No

301 (94.1)

305 (95.0)

1.00

Ref.

303 (94.7)

307 (95.9)

Yes

19 (5.9)

16 (5.0)

0.87

0.44–1.69

Hispanic

17 (5.3)

13 (4.1)

Hives

Age at diagnosis/
enrollment, mean years (SD)

7.6 (5.3)

7.5 (5.4)

No

260 (81.5)

279 (87.2)

1.00

Ref.

Yes

59 (18.5)

41 (12.8)

0.61

0.38–0.97

Asthma

Race of child

Ethnicity of child
Non-Hispanic

Maternal education
39 (12.2)

High school

132 (41.4)

126 (39.4)

Results

> High school

142 (44.5)

155 (48.4)

< High school

54 (17.1)

37 (11.8)

High school

112 (35.3)

111 (35.5)

> High school

151 (47.6)

165 (52.7)

< $20,000

104 (32.8)

77 (24.3)

$20,000–39,999

131 (41.3)

155 (48.9)

> $40,000

82 (25.9)

85 (26.8)

The distribution of selected characteristics of RMS cases and
controls are presented in Table 1. The most common histologic subtype of RMS in this population was embryonal
(n 5 215, 66.7%), followed by alveolar (n 5 66, 20.5%) and
not otherwise speciﬁed (NOS; n 5 41, 12.8%). Cases and controls were similar on sex, race and age at diagnosis/enrollment due to matching. A higher proportion of case mothers
(14.1%) and fathers (17.1%) had less than a high school education compared to control mothers (12.2%) and fathers
(11.8%). Additionally, a higher proportion of cases (32.8%)
were from households where the total annual income was
less than $20,000 compared to controls (24.3%).
The associations between selected atopic conditions and
childhood RMS are presented in Table 2. There were inverse
associations between allergies and childhood RMS (OR 5 0.60,
95% CI: 0.41–0.87), as well as hives and childhood RMS
(OR 5 0.61, 95% CI: 0.38–0.97). Although children with RMS
were less likely to have asthma (OR 5 0.66, 95% CI: 0.37–
1.18) or eczema (OR 5 0.87, 95% CI: 0.44–1.69) compared to
controls, these associations were not statistically signiﬁcant. In
this population, the prevalence of asthma (8.8%) and eczema
(5.5%) was lower than allergies (30.8%) or hives (15.6%).
Increasing birth order was inversely associated with
childhood RMS; however, it was not statistically signiﬁcant
(Table 3). Children with RMS were less likely to attend day
care before kindergarten compared to controls (OR 5 0.48,
95% CI: 0.32–0.71). Breastfeeding for 12 or more months
was inversely associated with childhood RMS (OR 5 0.36,
95% CI: 0.18–0.70) compared to no breastfeeding. Additionally, there was a statistically signiﬁcant trend between increasing breastfeeding duration and childhood RMS (p 5 0.01).
Finally, children with RMS were less likely to have three or
more atopic conditions (or other immune-related factors)
compared to controls (OR 5 0.22, 95% CI: 0.11–0.43), and

Paternal education

Total annual household income

Histologic subtypes

1

Adjusted for age, race and sex.

45 (14.1)

Embryonal

215 (66.7)

Alveolar

66 (20.5)

NOS1

41 (12.8)

Not other specified.

deviations were calculated by case status for continuous variables. Conditional logistic regression was used to calculate an
adjusted OR (aOR) and 95% CI to evaluate the association
between selected atopic conditions (and immune-related factors) and childhood RMS. For multinomial variables, the
Cochran-Armitage test was used to calculate a p for trend.
Additionally, we created a composite atopy variable based on
the number of atopic conditions and other immune-related
factors to explore a potential surrogate of atopy severity.
Polytomous logistic regression, as proposed by Glynn and
Rosner,27 was used to evaluate effect heterogeneity
among atopic conditions and childhood RMS histologic subtypes (i.e., embryonal and alveolar). All analyses were
performed using Stata 12.1 (StataCorp LP, College Station,
TX).
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Table 3. Factors associated with immune system development, number of atopic conditions and childhood rhabdomyosarcoma
Controls, n (%)

Cases, n (%)

OR1

95% CI

Table 4. Evaluation of effect heterogeneity among selected atopic
conditions and childhood rhabdomyosarcoma histologic subtypes
Embryonal rhabdomyosarcoma,
n 5 215

Alveolar rhabdomyosarcoma,
n 5 66

OR1

95% CI

OR1

95% CI

No

1.00

Ref.

1.00

Ref.

Yes

0.60

0.40–0.89

0.75

0.42–1.35

No

1.00

Ref.

1.00

Ref.

Yes

0.66

0.40–1.09

0.79

0.39–1.62

Birth order
1

138 (43.3)

138 (43.4)

1.00

Ref.

2

101 (31.6)

102 (32.1)

0.95

0.64–1.39

3

80 (25.1)

78 (24.5)

0.86

0.55–1.33

Exposure
Allergies

p for
trend 5 0.50

No

145 (45.0)

191 (59.3)

1.00

Ref.

Yes

177 (55.0)

131 (40.7)

0.48

0.32–0.71

Yes

175 (55.2)

156 (48.9)
163 (51.1)

1.00
0.79

Ref.
0.54–1.14

No

1.00

Ref.

1.00

Ref.

Yes

0.64

0.45–0.90

0.51

0.29–0.88

0.59

Breastfeeding duration, months

Breastfeeding duration, months
0

143 (45.1)

163 (50.9)

1.00

Ref.

<6

78 (24.6)

82 (25.6)

0.82

0.54–1.25

6–12

52 (16.4)

54 (16.9)

0.78

0.47–1.31

 12

44 (13.9)

21 (6.6)

0.36

0.18–0.70

0

1.00

Ref.

1.00

Ref.

<6

0.90

0.58–1.40

0.88

0.45–1.71

6–12

0.88

0.53–1.47

0.63

0.26–1.54

 12

0.38

0.19–0.74

0.43

0.14–1.31

Number of atopic conditions

0

1.00

Ref.

1.00

Ref.

1

1.02

0.54–1.90

0.92

0.39–2.20

0

32 (9.9)

52 (16.1)

1.00

Ref.

2

0.70

0.36–1.35

0.80

0.32–1.98

1

70 (21.8)

104 (32.3)

0.70

0.39–1.26

3

0.32

0.17–0.60

0.37

0.15–0.95

2

67 (20.8)

83 (25.8)

0.51

0.27–0.96

3

153 (47.5)

83 (25.8)

0.22

0.11–0.43
p for
trend < 0.001

1

Adjusted for age, race, sex, household income, maternal and paternal
education.

there was a statistically signiﬁcant trend with increasing
exposure to atopic conditions (p < 0.001).
Results for our analysis exploring effect heterogeneity
among these atopic conditions and RMS histologic subtypes
(i.e., differing exposure effects by subtypes) are presented in
Table 4. None of the atopic conditions or risk factors for
atopic conditions displayed signiﬁcant heterogeneity between
embryonal and alveolar RMS (those subtypes that were NOS
were not included due to potential within-group heterogeneity). Speciﬁcally, the p for heterogeneity was >0.52 for all
exposures.

Discussion
In our study, several atopic conditions and factors associated
with immune system development were inversely associated
with childhood RMS including: allergies, hives, day-care
attendance and breastfeeding for 12 or more months. Additionally, increasing number of atopic conditions (a potential
surrogate of atopy severity) was associated with a decreasing

0.65

Number of atopic conditions

p for
trend 5 0.01

Epidemiology

0.63

Day-care attendance

Breastfeeding
142 (44.8)

0.53

Hives

Day-care attendance

No

p for
heterogeneity

1

0.90

Adjusted for age, race and sex.

risk of childhood RMS. Although other atopic conditions
(e.g., asthma and eczema) were not signiﬁcantly associated
with childhood RMS, the direction of the association was
consistent (i.e., there was an inverse association between
these conditions and childhood RMS). Additionally, these
conditions were not as prevalent as the other factors evaluated in our study population.
To our knowledge, this is the ﬁrst assessment of atopic
conditions and childhood RMS. One previous study did indicate that childhood RMS cases had fewer immunizations
than controls,28 which is in keeping with a potential role of
immunity on disease risk. Although little work has been
done evaluating atopic conditions and childhood RMS, this
question has been explored for other childhood malignancies.
Speciﬁcally, in a meta-analysis of atopy and childhood
ALL, Linabery et al.13 reported the following: atopy or allergies (summary OR 5 0.69, 95% CI: 0.54–0.89); asthma (summary OR 5 0.79, 95% CI: 0.61–1.02); hay fever (summary
OR 5 0.55, 95% CI: 0.46–0.55) and eczema (summary
OR 5 0.74, 95% CI: 0.58–0.96). These inverse associations are
in keeping with our results. Additionally, investigators have
reported inverse associations between childhood ALL and
day-care attendance,15 breastfeeding16,24 and birth order.17
Interestingly, childhood ALL and RMS seem to have other
C 2013 UICC
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risk factors in common including being born large for gestational age,9,19 neuroﬁbromatosis Type 1,10,20 having a congenital malformation10,21 and prenatal X-ray exposure.7,18
The immune surveillance theory (i.e., prophylaxis theory)
is commonly used to explain the inverse associations that
have been reported for atopic conditions and other childhood
cancers, including ALL.13,14,29 According to this line of evidence, an atopic immune response may offer an advantage
by destroying tumor cells as they arise, or by eliminating carcinogenic exposures.14,22,30 Although the biology behind the
immune surveillance theory is not ﬁrmly established, there is
evidence that T helper Type 2 (Th2) cytokines, which play
an important role in the pathophysiology of allergic diseases,
may have a role in antitumor immunity.31 Speciﬁcally, Th2
cytokines are involved in tumor surveillance by recruiting
and activating eosinophils, macrophages, Type 2 CD81 T
cells, and natural killer cells, all of which may attack tumor
cells. Other cytokines derived from Th2 cells also have antitumor properties. For instance, tumor necrosis factor a
(TNF a) has a direct antitumor cytotoxic effect.32 Additionally, interleukin (IL)24 may inhibit angiogenesis, and IL-10
may reduce inﬂammation-associated carcinogenesis. Other
potential mechanisms underlying the immune surveillance
theory include: (i) diminished B-cell response resulting from
IgE binding to its lower afﬁnity receptor (CD23) and preventing release of soluble CD23 and (ii) reduced Type 17
helper T cell cytokine secretion in persons with allergies.33
Although an exact mechanism by which atopic conditions
may be protective against childhood RMS is unknown, the
immune surveillance theory is a plausible candidate.
Our study must be considered in the light of certain limitations. As with any case-control study, there is the potential
for recall bias. In other words, it is possible that mothers of
case children may differentially report exposures or health
histories. In relation to allergies, some have speculated that
mothers of controls may be more likely to report a history of
allergies compared to mothers of cases because case mothers
may minimize the importance of other health conditions in
the presence of their child’s cancer diagnosis.33 However, it is
also possible that the opposite may occur, whereby case
mothers are more likely to accurately report a history of
health conditions. It is impossible to determine if recall bias
played a role in this assessment; however, our results are con-

sistent with previous reports of allergy and cancer.13,14
Although we adjusted for household income and parental
education, there may be residual confounding due to socioeconomic status, as these factors are associated with atopic
conditions and also appear to differ between RMS cases and
controls in our population.23,25,34,35 Additionally, as the prevalence of atopic conditions has changed over time, this may
limit the interpretation of these results due to the age of the
study.25,36 We were not able to evaluate associations by
tumor site or chromosomal translocation status, but we did
assess effect heterogeneity by histologic subtypes (i.e., embryonal and alveolar).3 This enabled us to evaluate differing
effects of these exposures on disease risk by subtype.
Although this is a relatively older study, with dates of diagnosis and enrollment from April 1982 to July 1988, parents
were interviewed at the time of diagnosis (or enrollment for
controls).7,8,10 Furthermore, this is the largest case-control
study of childhood RMS, which is an important consideration
as very little is known about the epidemiologic characteristics
of this malignancy.
In conclusion, our ﬁndings suggest that allergies, atopy
and risk factors for atopic conditions are inversely associated
with childhood RMS. These ﬁndings are consistent with the
association between allergies and childhood ALL and is supported by the immune surveillance theory. As several of these
characteristics are more broadly related to immune system
development, these ﬁndings point towards a possible role of
immunity in the etiology of RMS. To our knowledge, this is
the ﬁrst assessment of its kind in the largest case-control
study of childhood RMS; however, these ﬁndings must be
validated in an independent population. Furthermore, additional work is needed to characterize the biological basis of
this association. Future studies evaluating genetic and epigenetic proﬁles associated with allergies and atopy may be
important in disentangling these effects. Additionally, novel
study designs and methodologies are needed to evaluate these
questions. Ultimately, we hope that the identiﬁcation of risk
factors for childhood RMS will lead to new cancer prevention
strategies.

Acknowledgements
This work was supported by U.S. National Cancer Institute grants,
CA24507, CA30318, CA30969, CA29139, and CA13539, and in part by Kurt
Groten Family Research Scholars Award (P.J. Lupo).

References
1.

2.

Li J, Thompson TD, Miller JW, et al. Cancer
incidence among children and adolescents in the
United States, 2001–2003. Pediatrics 2008;121:
e1470–7.
Gurney JG, Young JL, Jr, Roffers SD, et al.
Soft tissue sarcomas. In: Ries LAG, Smith MA,
Gurney JG, Linet M, Tamra T, Young JL,
Bunin GR, eds. Cancer incidence and survival
among children and adolescents: United States
SEER Program 1975–1995: National Cancer
Institute SEER Program. NIH Pub. No. 994649, 1999.

3.

4.

5.

C 2013 UICC
Int. J. Cancer: 134, 431–436 (2014) V

Hawkins DS, Spunt SL, Skapek SX. Children’s
Oncology Group’s 2013 blueprint for research:
soft tissue sarcomas. Pediatr Blood Cancer 2013;
60:1001–8.
Newton WA, Jr, Gehan EA, Webber BL, et al.
Classiﬁcation of rhabdomyosarcomas and related
sarcomas. Pathologic aspects and proposal for a
new classiﬁcation—an Intergroup Rhabdomyosarcoma Study. Cancer 1995;76:1073–85.
Barr FG. Gene fusions involving PAX and FOX
family members in alveolar rhabdomyosarcoma.
Oncogene 2001;20:5736–46.

6.

7.

8.

Williamson D, Missiaglia E, de Reynies A, et al.
Fusion gene-negative alveolar rhabdomyosarcoma
is clinically and molecularly indistinguishable
from embryonal rhabdomyosarcoma. J Clin Oncol
2010;28:2151–8.
Grufferman S, Ruymann F, Ognjanovic S, et al.
Prenatal X-ray exposure and rhabdomyosarcoma
in children: a report from the children’s oncology
group. Cancer Epidemiol Biomarkers Prev 2009;
18:1271–6.
Grufferman S, Schwartz AG, Ruymann FB, et al.
Parents’ use of cocaine and marijuana and

Epidemiology

435

Lupo et al.

436

9.

10.

11.

12.

13.

14.

15.

16.

17.

19. Sprehe MR, Barahmani N, Cao Y, et al. Comparison of birth weight corrected for gestational age
and birth weight alone in prediction of development of childhood leukemia and central nervous
system tumors. Pediatr Blood Cancer 2010;54:
242–9.
20. Stiller CA, Chessells JM, Fitchett M. Neuroﬁbromatosis and childhood leukaemia/lymphoma: a
population-based UKCCSG study. Br J Cancer
1994;70:969–72.
21. Carozza SE, Langlois PH, Miller EA, et al. Are
children with birth defects at higher risk of childhood cancers? Am J Epidemiol 2012;175:1217–24.
22. Sherman PW, Holland E, Sherman JS. Allergies:
their role in cancer prevention. Q Rev Biol 2008;
83:339–62.
23. Midodzi WK, Rowe BH, Majaesic CM, et al.
Early life factors associated with incidence of
physician-diagnosed asthma in preschool children: results from the Canadian Early Childhood
Development cohort study. J Asthma 2010;47:
7–13.
24. Rudant J, Orsi L, Menegaux F, et al. Childhood
acute leukemia, early common infections, and
allergy: the ESCALE Study. Am J Epidemiol 2010;
172:1015–27.
25. Wong GW, Chow CM. Childhood asthma epidemiology: insights from comparative studies of
rural and urban populations. Pediatr Pulmonol
2008;43:107–16.
26. Grufferman S, Delzell E, Delong ER. An
approach to conducting epidemiologic research
within cooperative clinical trials groups. J Clin
Oncol 1984;2:670–5.
27. Glynn RJ, Rosner B. Methods to evaluate risks
for composite end points and their individual
components. J Clin Epidemiol 2004;57:
113–22.

28. Grufferman S, Wang HH, DeLong ER, et al.
Environmental factors in the etiology of rhabdomyosarcoma in childhood. J Natl Cancer Inst
1982;68:107–13.
29. Pagaoa MA, Okcu MF, Bondy ML, et al.
Associations between vaccination and childhood
cancers in Texas regions. J Pediatr 2011;158:996–
1002.
30. Markiewicz MA, Gajewski TF. The immune system as anti-tumor sentinel: molecular requirements for an anti-tumor immune response. Crit
Rev Oncog 1999;10:247–60.
31. Naugler WE, Karin M. The wolf in sheep’s clothing: the role of interleukin-6 in immunity,
inﬂammation and cancer. Trends Mol Med 2008;
14:109–19.
32. Ellyard JI, Simson L, Parish CR. Th2-mediated
anti-tumour immunity: friend or foe? Tissue
Antigens 2007;70:1–11.
33. Linabery AM, Spector LG. Invited commentary:
childhood acute lymphoblastic leukemia and
allergies: biology or bias? Am J Epidemiol 2012;
176:979–83; discussion 984–5.
34. Azad MB, Lissitsyn Y, Miller GE, et al. Inﬂuence
of socioeconomic status trajectories on innate
immune responsiveness in children. PLoS One
2012;7:e38669.
35. Hafkamp-de Groen E, van Rossem L,
de Jongste JC, et al. The role of prenatal,
perinatal and postnatal factors in the
explanation of socioeconomic inequalities in preschool asthma symptoms: the Generation R
Study. J Epidemiol Community Health 2012;66:
1017–24.
36. Patel SP, Jarvelin MR, Little MP. Systematic
review of worldwide variations of the prevalence
of wheezing symptoms in children. Environ
Health 2008;7:57.

Epidemiology

18.

increased risk of rhabdomyosarcoma in their children. Cancer Causes Control 1993;4:217–24.
Ognjanovic S, Carozza SE, Chow EJ, et al. Birth
characteristics and the risk of childhood rhabdomyosarcoma based on histological subtype. Br
J Cancer 2010;102:227–31.
Yang P, Grufferman S, Khoury MJ, et al. Association of childhood rhabdomyosarcoma with neuroﬁbromatosis type I and birth defects. Genet
Epidemiol 1995;12:467–74.
Hartley AL, Birch JM, Marsden HB, et al. Neuroﬁbromatosis in children with soft tissue sarcoma.
Pediatr Hematol Oncol 1988;5:7–16.
Li FP, Fraumeni JF, Jr. Soft-tissue sarcomas,
breast cancer, and other neoplasms. A familial
syndrome? Ann Intern Med 1969;71:747–52.
Linabery AM, Jurek AM, Duval S, et al. The association between atopy and childhood/adolescent
leukemia: a meta-analysis. Am J Epidemiol 2010;
171:749–64.
Turner MC, Chen Y, Krewski D, et al. An overview of the association between allergy and cancer. Int J Cancer 2006;118:3124–32.
Gilham C, Peto J, Simpson J, et al. Day care in
infancy and risk of childhood acute lymphoblastic
leukaemia: ﬁndings from UK case-control study.
BMJ 2005;330:1294.
Martin RM, Gunnell D, Owen CG, et al. Breastfeeding and childhood cancer: a systematic
review with metaanalysis. Int J Cancer 2005;117:
1020–31.
Von Behren J, Spector LG, Mueller BA, et al.
Birth order and risk of childhood cancer: a
pooled analysis from ﬁve US States. Int J Cancer
2011;128:2709–16.
Doll R, Wakeford R. Risk of childhood
cancer from fetal irradiation. Br J Radiol 1997;70:
130–9.

Atopy and childhood rhabdomyosarcoma

C 2013 UICC
Int. J. Cancer: 134, 431–436 (2014) V

