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Abstract

Relatively little is known about the epidemiology and factors underlying suscep-

tibility to childhood rhabdomyosarcoma (RMS). To better characterize genetic

susceptibility to childhood RMS, we evaluated the role of family history of can-

cer using data from the largest case–control study of RMS and the Utah Popu-

lation Database (UPDB). RMS cases (n = 322) were obtained from the

Children’s Oncology Group (COG). Population-based controls (n = 322) were

pair-matched to cases on race, sex, and age. Conditional logistic regression was

used to evaluate the association between family history of cancer and childhood

RMS. The results were validated using the UPDB, from which 130 RMS cases

were identified and matched to controls (n = 1300) on sex and year of birth.

The results were combined to generate summary odds ratios (ORs) and 95%

confidence intervals (CI). Having a first-degree relative with a cancer history

was more common in RMS cases than controls (ORs = 1.39, 95% CI: 0.97–
1.98). Notably, this association was stronger among those with embryonal RMS

(ORs = 2.44, 95% CI: 1.54–3.86). Moreover, having a first-degree relative who

was younger at diagnosis of cancer (<30 years) was associated with a greater

risk of RMS (ORs = 2.37, 95% CI: 1.34–4.18). In the largest analysis of its kind,

we found that most children diagnosed with RMS did not have a family history

of cancer. However, our results indicate an increased risk of RMS (particularly

embryonal RMS) in children who have a first-degree relative with cancer, and

among those whose relatives were diagnosed with cancer at <30 years of age.
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Introduction

Rhabdomyosarcoma (RMS) is a malignant tumor of skel-

etal muscle. While RMS is the most common soft tissue

sarcoma in children [1], the annual incidence is only 4.6

per million in people younger than 20 years of age [2]. In

the United States (US), about 350 children and adoles-

cents 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 embryonal (~70%
of cases) and alveolar (~30% of cases). While embryonal

RMS are characterized by loss of heterozygosity/loss of

imprinting at loci on chromosome 11p15, ~80% of alveo-

lar RMS are driven by a specific chromosomal transloca-

tion between either of the transcription factors PAX3 or

PAX7 and FOXO1 [4–6].
Relatively little is known about the epidemiology and

factors underlying susceptibility to childhood RMS. Inher-

ited genetic susceptibility is believed to play an important

role in the development of childhood RMS [7]. For

instance, ~5% of cases appear to be associated with famil-

ial syndromes [8]. Specifically, within Li-Fraumeni syn-

drome (LFS) families that carry germline TP53 mutations,

RMS is one of the most common childhood malignancies

[9, 10]. Additionally, in one report from the fourth trial

of the Intergroup Rhabdomyosarcoma Study Group (IRS-

IV), the prevalence of neurofibromatosis type 1 was ~20
times greater in children with RMS compared to the gen-

eral population (0.5% vs. 0.02–0.03%) [11]. In spite of

these associations, much work remains in characterizing

the role of genetic susceptibility in the etiology of child-

hood RMS.

Having a family history of cancer has been shown to

be associated with childhood cancers including acute lym-

phoblastic leukemia [12], germ cell tumors [13], Hodgkin

lymphoma, and non-Hodgkin lymphoma [14], however,

to our knowledge, there have been no systematic popula-

tion-based studies evaluating the role of family history of

cancer in the etiology of childhood RMS. Because family

history of cancer is often used to determine the influence

of inherited susceptibility in cancer risk, we assessed the

association between family history of cancer and RMS in

the largest case–control study of childhood RMS to date

and the Utah Population Database (UPDB).

Materials and Methods

COG discovery cohort

Study population

Cases and controls were enrolled from the third trial pre-

viously coordinated by the Intergroup Rhabdomyosar-

coma Study Group (IRSG), which became part of the

Children’s Oncology Group (COG) in 2000 and managed

treatment protocols for 80–85% of all childhood RMS

cases in North America [15]. The details regarding the

case–control study have been previously described [16–
18]. Briefly, the cases included those who were 0 years

old and up through 20 years of age at the time of their

RMS diagnosis from April 1982 to July 1988. Central

expert pathology review, coordinated by COG, confirmed

all RMS diagnoses, as well as histologic subtype (i.e.,

embryonal, alveolar, or other). Controls were identified

by random-digit dialing during the same period [16–18].
Controls were pair-matched to cases on race, sex, and

age.

Data collection and variables

Data were collected from case and control families by

telephone interview using a structured questionnaire,

which included items on family cancer history among

first- and second-degree relatives. The child’s mother and

father were asked to participate in the interview, which

for case and control families lasted on average 70 and

68 min, respectively. Interviews were conducted in Eng-

lish and Spanish. The Institutional Review Board (IRB) at

Baylor College of Medicine approved this study.

UPDB validation cohort

The UPDB is a dynamic resource located at the Univer-

sity of Utah and consists of computerized statewide vital

records, cancer registry information, and administrative

claims data for 7.3 million living and deceased individu-

als, beginning in the early 1900s. Most families living in

Utah are represented in the UPDB multigenerational ped-

igrees. Data from the Utah Cancer Registry (UCR), a Sur-

veillance Epidemiology and End Results (SEER) registry
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since 1973, are regularly linked to the UPDB. This pro-

vides an ongoing and accurate assessment of family his-

tory of cancer that does not depend on self-report. We

identified RMS cases diagnosed at 0–20 years of age from

the UCR from 1966 to 2011. Unaffected population con-

trols were selected randomly from individuals in UPDB

and matched 10:1 to RMS cases on sex and birth year. To

appropriately match exposure periods, a control had to

have follow up at least as long as the date of diagnosis for

their respective case. COG cases were neither born nor

diagnosed in Utah, and therefore, there was no overlap

between cases from the COG and UPDB cohorts. The

University of Utah’s IRB and Resource for Genetic Epi-

demiologic Research approved this study.

Statistical analyses

Descriptive statistics were used to characterize the demo-

graphic variables among the case and control groups. To

compare the potential prevalence of LFS in RMS cases

with previous reports, we determined the proportion of

cases that met the revised Chompret criteria [19, 20].

Specifically, the criteria were met if the case had a first-

or second-degree relative diagnosed with (1) at least one

tumor classified under the LFS spectrum (e.g., soft tissue

sarcoma, osteosarcoma, brain tumor, premenopausal

breast cancer, adrenocortical carcinoma, leukemia, lung

bronchoalveolar cancer) at <56 years of age, or (2) multi-

ple tumors.

For the COG discovery cohort, conditional logistic

regression was used to evaluate cancer history among

first- and second-degree relatives and the association with

childhood RMS by generating adjusted odds ratios (ORa)

and 95% confidence intervals (CI). Specifically, cancer

history was assessed among first-degree relatives, second-

degree relatives, and any relatives (i.e., either a first- or

second-degree relative). Stratified analyses were conducted

to: (1) evaluate the association of family cancer history

and childhood RMS for children who are male and those

who are female; (2) children diagnosed under 5 years of

age and those diagnosed later (based on sample size and

previous assessments) [13]; and (3) for children who have

relatives diagnosed with a malignancy before the age of

30 years and those with relatives diagnosed when older

than 30 years. Because the RMS histologic subtypes are

suspected to be heterogeneous in etiology, the association

of family cancer history and childhood RMS was also

assessed separately for children diagnosed with embryonal

RMS; we did not separately assess those with alveolar

RMS due to the potential heterogeneity within this group

as information on PAX-FOXO1 fusion status was not

available. Finally, the association of family cancer history

and childhood RMS was independently evaluated among

each cancer type diagnosed in their relatives. All statistical

models were adjusted for the matching factors including

the child’s sex (male or female), age at diagnosis (in

years), and race (categorized as White, Black, or other).

An association was considered statistically significant if

P < 0.05.

Analyses were repeated with the UPDB validation

cohort using unconditional logistic regression to generate

ORa and 95% CIs, adjusting for the matching factors of

sex and year of birth. The results from the COG discovery

cohort and the UPDB validation cohort were combined

using weighted standard errors in meta-analysis, due to

differences in study design between the cohorts, to gener-

ate summary ORs (ORs) and 95% CIs. We tested for het-

erogeneity across the two studies (i.e., cohorts) using

Cochran’s Q-test [21].

All analyses were conducted using STATA 12.1 (Stata-

Corp LP, College Station, TX) and SAS 9.1.3 (SAS Insti-

tute, Cary, NC).

Results

There were 322 case–control pairs available from the

COG discovery cohort and 130 RMS cases and 1300 con-

trols from the UPDB validation cohort for the present

analysis (Table 1). A higher proportion of case mothers

(COG 14.1%, UPDB 13.2%) and fathers (COG 17.1%,

UPDB 8.6%) had less than a high school education com-

pared to control mothers (COG 12.2%, UPDB 11.1%)

and fathers (COG 11.8%, UPDB 7.0%). Additionally, a

higher proportion of cases (COG 32.8%) were from

households where the total annual income was less than

$20,000 compared to controls (COG 24.3%). The most

common histologic subtype of RMS in this population

was embryonal (COG 66.7%, UPDB 50.0%) followed by

alveolar (COG 20.5%, UPDB 29.2%). The prevalence of

potential LFS (when applying the revised Chompret crite-

ria) was similar among RMS cases diagnosed at <3 years

of age (COG 13.0%, UPDB 12.0%) and those diagnosed

at ≥3 years of age (COG 13.3%, UPDB 14.3%).

Most RMS cases did not have a first-degree relative

with a history of cancer (COG 92.2%, UPDB 94.5%).

While not statistically significant, having any first-degree

relative with cancer was positively associated with child-

hood RMS (Table 2) (ORs = 1.39, 95% CI: 0.97–1.98).
The direction and magnitude of the association did not

differ based on maternal or paternal history of cancer

(COG ORa = 1.33, 95% CI: 0.51–3.44 and COG

ORa = 1.30, 95% CI: 0.48–3.51, respectively). While there

were no statistically significant associations between a

family history of specific cancer types and childhood

RMS in the COG data (Table S1), there were positive

associations with a family history of cancer of the lip or
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oral cavity (ORa = 2.44, 95% CI: 0.22–27.43), melanoma

(ORa = 1.44, 95% CI: 0.24–8.68), breast (ORa = 1.72,

95% CI: 0.62–4.78), and uterus or ovary (ORa = 1.77,

95% CI: 0.41–7.57).
Stratified analyses (Table 3) revealed that if the first-

degree relative was <30 years of age when diagnosed with

cancer, the association between family history of cancer

and childhood RMS was stronger than if the first-degree

relative was ≥30 years of age at diagnosis, (COG

ORa = 1.69, 95% CI: 0.76–3.78 vs. ORa = 1.32, 95% CI:

0.58–3.01; UPDB ORa = 3.33, 95% CI: 1.48–7.46 vs.

ORa = 1.14, 95% CI: 0.71–1.83). Additionally, when com-

bining the COG and UPDB results, having a first-degree

relative diagnosed at <30 years of age was significantly

associated with RMS risk (ORs = 2.37, 95% CI: 1.34–
4.18). In order to determine if this finding was driven in

part to LFS, we restricted our analysis to those who did

not meet the Chompret criteria (COG ORa = 2.02, 95%

CI: 0.67–6.09).
When assessing embryonal RMS and the influence of

family history of cancer on disease occurrence (Table 4),

there was a positive association between having a first-

degree relative with cancer and embryonal RMS (COG

ORa = 1.58, 95% CI: 0.61–4.10), with a strong and statis-

tically significant association detected in the UPDB cohort

(ORa = 2.78, 95% CI: 1.22–3.50). When combining the

Table 1. Demographic characteristics among cases and controls.

Characteristic

Children’s Oncology Group Utah Population Database

Controls (n = 322) Cases (n = 322) Controls (n = 1300) Cases (n = 1300)

Child

Sex, n (%)

Male 215 (66.8) 215 (66.8) 690 (53.1) 69 (53.1)

Female 107 (33.2) 107 (33.2) 610 (46.9) 61 (46.9)

Race, n (%)

White 291 (90.4) 287 (89.1) 1215 (93.5) 127 (97.7)

Non-white 31 (9.6) 35 (10.9) 85 (6.5) 3 (2.3)

Ethnicity, n (%)

Non-Hispanic 307 (95.9) 303 (94.7) 1233 (95.9) 122 (93.8)

Hispanic 13 (4.1) 17 (5.3) 53 (4.1) 8 (6.2)

Age at diagnosis/enrollment (years), mean (SD) 7.5 (5.4) 7.6 (5.3) 8.4 (6.2) 8.4 (6.2)

Parents

Maternal education, n (%)

<High school 39 (12.2) 45 (14.1) 116 (11.1) 15 (13.2)

High school 126 (39.4) 132 (41.4) 342 (32.7) 39 (34.2)

>High school 155 (48.4) 142 (44.5) 589 (56.2) 60 (52.6)

Paternal education, n (%)

<High school 37 (11.8) 54 (17.1) 68 (7.0) 9 (8.6)

High school 111 (35.5) 112 (35.3) 242 (24.9) 24 (23.1)

>High school 165 (52.7) 151 (47.6) 663 (68.1) 71 (68.3)

Annual household income, n (%)

<$20,000 77 (24.3) 104 (32.8)

$20,000–$39,999 155 (48.9) 131 (41.3)

≥$40,000 85 (26.8) 82 (25.9)

Rhabdomyosarcoma

Histologic subtypes, n (%)

Embryonal 215 (66.7) 65 (50.0)

Alveolar 66 (20.5) 38 (29.2)

NOS 41 (12.8) 27 (20.8)

Potential Li-Fraumeni syndrome1

Diagnosed at <3 years old

No 65 (86.7) 22 (88.0)

Yes 10 (13.3) 3 (12.0)

Diagnosed at ≥3 years old

No 215 (87.0) 90 (85.7)

Yes 32 (13.0) 15 (14.3)

NOS, not otherwise specified.
1Determined using the revised Chompret criteria [19, 20].
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COG and UPDB results, having a first-degree relative

with a history of cancer was significantly associated with

embryonal RMS (ORs = 2.44, 95% CI: 1.54–3.86). There
was no association between having a second-degree rela-

tive with cancer and embryonal RMS in the COG cohort,

however, a positive nonsignificant association was

detected in the UPDB cohort (ORa = 1.21, 95% CI: 0.89–
1.63).

There was no heterogeneity detected between the COG

and UPDB cohorts when combining results to generate

ORs estimates (P for heterogeneity >0.100).

Discussion

In the largest analysis of its kind to date, we found that

most RMS cases did not have a first-degree relative with

a history of cancer. However, three patterns emerged: (1)

having any first-degree relative with a history of cancer

was more common in RMS cases than controls; (2) hav-

ing a first-degree relative who was younger (<30 years of

age) when diagnosed with cancer was more strongly asso-

ciated with childhood RMS than having a first-degree rel-

ative who was older at diagnosis (≥30 years of age); and

(3) having a first-degree relative with cancer was strongly

associated with embryonal RMS.

While there have been no previous population-based

studies of family history of cancer and childhood RMS,

our results are consistent with previously reported associ-

ations between family history of cancer and other child-

hood cancers. For instance, in a case–control study

conducted in Canada, the authors reported a positive but

nonsignificant association between a family history of

cancer among first-degree relatives and childhood acute

lymphoblastic leukemia (OR = 1.2, 95% CI: 0.6–2.3)

Table 3. Family history of cancer in first- or second-degree relatives and risk of childhood rhabdomyosarcoma: stratified results.

Family cancer history

COG (cases, n = 322; controls, n = 322) UPDB (cases, n = 130; controls, n = 1300) Combined

Cases, n (%) Controls, n (%) OR1 95% CI Cases, n (%) Controls, n (%) OR1 95% CI ORs 95% CI

First-degree relative

Child’s sex

Male 15 (9.2) 9 (5.5) 1.55 0.67–3.60 10 (8.3) 103 (8.9) 0.83 0.40–1.56 1.06 0.63–1.80

Female 5 (7.1) 4 (5.7) 1.32 0.34–5.15 14 (11.7) 76 (6.5) 2.02 1.16–3.39 1.91 1.16–3.14

Child’s age at diagnosis

<5 years 5 (7.0) 3 (4.2) 1.37 0.29–6.35 7 (5.8) 48 (4.1) 1.68 0.76–3.40 1.62 0.82–3.17

≥5 years 13 (9.4) 10 (7.2) 1.29 0.56–2.94 17 (14.2) 131 (11.3) 1.23 0.73–1.99 1.25 0.81–1.91

Relatives’ youngest age at diagnosis

<30 years 6 (2.9) 2 (1.0) 1.69 0.76–3.78 5 (4.2) 20 (1.7) 3.33 1.48–7.46 2.37 1.34–4.18

≥30 years 13 (5.8) 10 (4.5) 1.32 0.58–3.01 19 (16.7) 166 (14.3) 1.14 0.71–1.83 1.18 0.78–1.78

Second-degree relative2

Child’s sex

Male 108 (57.5) 105 (55.9) 1.05 0.69–1.61 33 (31.7) 293 (31.4) 1.27 0.93–1.72 1.19 0.93–1.53

Female 41 (41.8) 49 (50.0) 0.77 0.44–1.33 31 (29.8) 251 (26.9) 1.01 0.74–1.37 0.95 0.72–1.24

Child’s age at diagnosis

<5 years 48 (44.9) 49 (45.8) 1.02 0.58–1.78 12 (11.5) 156 (16.7) 0.68 0.41–1.08 0.81 0.56–1.17

≥5 years 85 (57.8) 90 (61.9) 0.85 0.52–1.37 52 (50.0) 388 (41.6) 1.33 1.04–1.70 1.21 0.98–1.51

Relatives’ youngest age at diagnosis

<30 years 9 (11.5) 5 (6.4) 1.38 0.78–2.42 3 (2.9) 29 (3.1) 1.14 0.40–3.24 1.32 0.80–2.17

≥30 years 115 (47.3) 122 (50.2) 0.89 0.62–1.27 63 (60.6) 529 (56.8) 1.13 0.91–1.41 1.06 0.88–1.28

First- or second-degree relative

Child’s sex

Male 111 (66.1) 104 (61.9) 1.21 0.76–1.93 37 (30.8) 323 (27.8) 1.18 0.88–1.54 1.19 0.94–1.51

Female 39 (48.8) 47 (58.8) 0.71 0.37–1.36 26 (21.7) 290 (25.0) 1.20 0.91–1.56 1.11 0.87–1.43

Child’s age at diagnosis

<5 years 46 (54.8) 46 (54.8) 1.06 0.57–1.97 18 (15.0) 169 (14.5) 0.86 0.56–1.27 0.92 0.65–1.29

≥5 years 91 (65.9) 92 (66.7) 1.00 0.60–1.67 58 (48.3) 433 (37.3) 1.32 1.06–1.64 1.27 1.04–1.55

Relatives’ youngest age at diagnosis

<30 years 10 (18.9) 5 (9.4) 1.43 0.78–2.61 7 (5.8) 28 (2.4) 2.07 1.10–3.86 1.71 1.11–2.64

≥30 years 110 (55.0) 115 (57.5) 0.95 0.63–1.42 72 (60.0) 586 (50.4) 1.14 0.93–1.39 1.10 0.92–1.32

COG, Children’s Oncology Group; UPDB, Utah Population Database; OR, odds ratio.
1COG, adjusted for sex, age, and race; UPDB, adjusted for sex and year of birth.
2COG, Includes grandparents, aunts, and uncles; UPDB, also includes nieces and nephews.
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[12]. Data from the French national population-based

ESCALE study indicated that a family history of cancer

was associated with an increased risk of Hodgkin lym-

phoma (OR = 1.5, 95% CI: 1.0–2.2) and non-Hodgkin

lymphoma (OR = 1.8, 95% CI: 1.3–2.5) [14]. The magni-

tude of these associations is similar to our findings. As in

our study, the ESCALE study reported associations were

stronger when the relative was first-degree (e.g., Hodgkin

lymphoma OR = 2.2, 95% CI: 0.9–5.1) versus second

degree (OR = 1.4, 95% CI: 1.0–2.1). Additionally, the

ORs were higher when relatives were diagnosed earlier in

life (<46 years of age), which was also the case in our

population. This is further supported by a report from

the COG where the association between family history of

cancer and germ cell tumors in male children was stron-

ger when the relative was <40 years of age at diagnosis

(OR = 2.6, 95% CI: 1.0–6.44) compared to when the rela-

tive was 40–49 years of age at diagnosis (OR = 1.2, 95%

CI: 0.5–3.4) or ≥50 years of age at diagnosis (OR = 1.3,

95% CI: 0.60–2.73) [13].
Case reports and case series of childhood RMS have

indicated that a family history of cancer or of a cancer-

predisposing syndrome is an important factor in disease

risk. Li and Fraumeni reported that among 648 childhood

RMS cases, four were from families in which siblings or

cousins had a childhood sarcoma [22]. These families also

had histories of breast cancer and other neoplasms. While

not statistically significant, in our population, a family

history of breast cancer was positively associated with

childhood RMS (ORa = 1.72, 95% CI: 0.62–4.78). Among

children who were <3 years of age at diagnosis, 13.3%

and 12.0% had a family history of cancer consistent with

that of LFS in the COG and UPDB cohorts, respectively.

This supports previous reports that estimate 10–15% of

younger children (i.e., <3 years of age) diagnosed with

RMS may have LFS [23]. Additionally, in our data ~13–
14% children ≥3 years of age at diagnosis also met the

Chompret criteria for potential LFS. This is in contrast to

a previous report which suggested that LFS may not be as

common among those older than 3 years of age at diag-

nosis [24]. Furthermore, these estimates were confirmed

in the UPDB cohort.

Our results further indicate that the RMS risk among

children with first-degree relatives that were younger at

cancer diagnosis (<30 years of age) was not driven by

LFS. This could indicate that other cancer susceptibility

genes that are yet to be identified may underlie RMS.

As indicated, in our study, family history of cancer was

more strongly associated with embryonal RMS than when

assessing all RMS cases together. This is notable as

embryonal RMS is characterized by a younger age at

onset compared to alveolar RMS [25], and there is some

evidence that embryonal RMS is more common than

alveolar RMS in families with TP53 mutations [26–28].
Interestingly, anaplastic RMS also appears to be associated

with germline TP53 mutations [29]. Unfortunately, ana-

plastic histology was not annotated in IRS-III or the

UPDB. Lastly, in a hospital-based survey, investigators

observed that relatives of sarcoma patients were more

likely to have an excess of cancer when the sarcoma histo-

logic type was embryonal RMS [30, 31]. This may point

to a stronger role of family history of cancer in the devel-

opment of embryonal RMS when compared with alveolar

RMS; however, this must be further investigated.

Our results should be considered in light of certain

limitations. First, family history of disease was obtained

by self-report for the COG cohort. Self-report of family

history of cancer is relatively accurate in case–control
studies; however, reliability appears to be higher for

reports for first-degree relatives compared to more distant

relatives [32–35]. Although we evaluated associations

between both first- (parents and siblings) and second-

degree (grandparents and aunts/uncles) relatives, as par-

ents provided family history information about their first-

degree relatives (i.e., the child’s grandparents and aunts/

uncles), we might expect the information about a child’s

Table 4. Associations of family history of cancer and embryonal rhabdomyosarcoma.

Family cancer

history

COG, n = 215 UPDB, n = 65 Combined

Cases, n (%) Controls, n (%) OR1 95% CI Cases, n (%) Controls, n (%) OR1 95% CI OR1 95% CI

First-degree

relative

12 (8.2) 7 (4.8) 1.58 0.61–4.10 14 (11.7) 87 (7.5) 2.78 1.22–3.50 2.44 1.54–3.86

Second-degree

relative2
103 (53.9) 105 (55.0) 0.97 0.64–1.46 33 (31.7) 279 (29.2) 1.21 0.89–1.63 1.12 0.88–1.43

Any first- or

second-degree

relative

100 (61.4) 100 (61.4) 1.04 0.66–1.64 76 (63.3) 602 (51.8) 1.38 1.06–1.79 1.29 1.03–1.61

COG, Children’s Oncology Group; UPDB, Utah Population Database; OR, odds ratio.
1COG, adjusted for sex, age, and race; UPDB, adjusted for sex and year of birth.
2COG, Includes grandparents, aunts, and uncles; UPDB, also includes nieces and nephews.
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second-degree relative to be more accurate than in com-

parable studies of adult cancers. Parents of cases might

also be expected to give a more thorough history than

control parents, although this is not supported by three

previous validation studies [33, 36, 37]. Lastly, our results

were validated using the UPDB, which is a population-

based resource that relies on record linkages between

birth certificates, the UCR, and medical records to follow

cancer diagnoses through family pedigrees. Associations

found in the UPDB cohort were consistent, and some-

times stronger when compared with the COG cohort (i.e.,

the OR for having a first-degree relative with cancer

among those with embryonal RMS was 76% stronger in

the UPDB compared to the COG cohort).

Another limitation is that while this is the largest case–
control study of childhood RMS to date, we were

restricted to evaluating only first- and second-degree rela-

tives. Additionally, due to small numbers, it was not pos-

sible to assess disease risk associated with increasing

number of relatives with a previous cancer diagnosis. For

instance, in the COG population, less than 1% of subjects

had two first-degree relatives with a history of cancer.

Recent findings confirm that ~20% of alveolar RMS

tumors do not exhibit a PAX-FOXO1 rearrangement [38],

and that “fusion negative” alveolar RMS cases have clini-

cal outcomes similar to those with embryonal RMS [6,

39, 40]. In fact, the biology of fusion negative alveolar

RMS tumors may be closer to embryonal RMS tumors,

suggesting these two phenotypes could be considered

together in epidemiologic assessments. Unfortunately,

PAX-FOX01 fusions were not assessed when the COG

cases were diagnosed in the 1980s; therefore it is not pos-

sible to evaluate the influence of family cancer history on

RMS based on fusion status. However, it is not clear if

risk factors for embryonal RMS and fusion negative alve-

olar RMS overlap. Furthermore, several previous epidemi-

ologic assessments have evaluated embryonal RMS as a

distinct phenotype [9, 16, 25, 41].

This study has several major strengths. First, this is the

largest case–control study to evaluate the influence of

family history of cancer on childhood RMS, with 322

childhood RMS cases from the COG cohort. Second, this

study is unique in that it provides a population-based

estimate of potential LFS among those with RMS. Lastly,

we validated our findings (COG) in a second independent

cohort (UPDB). While this is common for large-scale

genetic studies, it is not typically practiced in classical epi-

demiologic assessments.

While only a minority of children with RMS had a

family history of cancer, this study adds to the body of

evidence that inherited genetic susceptibility may be a fac-

tor in the development of childhood RMS. This is

reflected in a modest increase (i.e., 39%) in familial

cancer incidence and earlier onset of these malignancies.

Much work remains in characterizing germline genetic

susceptibility to childhood RMS. Unlike many other

childhood cancers, there have been few germline candi-

date gene studies of RMS and no genome-wide associa-

tion studies to date. As little is known about the

epidemiology of childhood RMS, it will be important to

further examine the genetic underpinnings of these com-

plex phenotypes in future studies.
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