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Abstract

 Background—Rhabdomyosarcoma (RMS) is a rare, highly malignant tumor arising from 

primitive mesenchymal cells that differentiate into skeletal muscle. Relatively little is known about 

RMS susceptibility. Based on growing evidence regarding the role of early immunologic 

challenges on RMS development, we evaluated the role of infections and immunizations on this 

clinically significant pediatric malignancy

 Procedure—RMS cases (n=322) were enrolled from the third trial coordinated by the 

Intergroup Rhabdomyosarcoma Study Group. Population-based controls (n=322) were pair 

matched to cases on race, sex, and age. The following immunizations were assessed: diphtheria-

pertussis-tetanus (DPT), measles-mumps-rubella (MMR), and oral polio vaccine (OPV). We also 

evaluated if immunizations were complete vs. incomplete. We examined selected infections 

including chickenpox, mumps, pneumonia, scarlet fever, rubella, rubeola, pertussis, 
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Novelty and impact: Relatively little is known regarding the epidemiology of rhabdomyosarcoma (RMS), a malignant tumor of 
developing muscle. Though the protective effect of immunizations and infections has been studied in other childhood cancers, this has 
not been well described in childhood RMS. Utilizing data from the largest case-control study of childhood RMS, we found that certain 
immunizations are associated with a protective effect in childhood RMS. Further research is needed to understand the biological 
mechanism for these associations.
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mononucleosis, and lung infections. Conditional logistic regression models were used to calculate 

an odds ratio (OR) and 95% confidence interval (CI) for each exposure, adjusted for maternal 

education and total annual income

 Results—Incomplete immunization schedules (OR=5.30, 95% CI: 2.47-11.33) and incomplete 

DPT immunization (OR=1.56, 95% CI: 1.06-2.29) were positively associated with childhood 

RMS. However, infections did not appear to be associated with childhood RMS.

 Conclusions—This is the largest study of RMS to date demonstrating a possible protective 

effect of immunizations against development of childhood RMS. Further studies are needed to 

validate our findings. Our findings add to the growing body of literature suggesting a protective 

role of routine vaccinations in childhood cancer and specifically in childhood RMS.

Keywords

immunizations; infections; epidemiology; rhabdomyosarcoma; soft tissue sarcoma

 Introduction

Rhabdomyosarcoma (RMS) is a 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,[1,2] the annual incidence is only 4.6 per million in those younger than 20 years of 

age.[3] In the United States, about 350 children and adolescents are diagnosed with RMS 

per year, and half of those cases occur before 10 years of age.[3] Five-year survival for RMS 

is 65% for those diagnosed less than 15 years of age, making it one of the worst childhood 

cancers in terms of survival.[4]

Very few susceptibility factors have been identified for childhood RMS. Previous studies 

have suggested a potential role for prenatal X-ray exposure,[5] parental drug use,[6] 

advanced maternal age, and large for gestational age at birth[7] in the etiology of childhood 

RMS. However, few of these factors have been validated in independent assessments. 

Furthermore, confirmed risk factors for RMS such as familial genetic syndromes account for 

less than 5% of cases.[8-10] Because of this, there is a need to identify novel susceptibility 

factors, which may shed light on the etiology of these rare, but clinically significant 

malignancies.

A long-suspected risk factor for childhood malignancies is related to the disruption of 

immune system development.[11,12] Several studies have evaluated the role of early 

infections, immunizations, and atopic conditions on multiple childhood malignancies 

including childhood acute lymphoblastic leukemia (ALL), neuroblastoma, and brain tumors.

[13-15] Additionally, there is recent evidence from our group suggesting atopic conditions 

are inversely associated with childhood RMS,[16] which is similar to the association 

observed with childhood ALL.[11] While childhood infections and immunizations have 

been evaluated in relation to ALL and other childhood malignancies, there have been limited 

assessments of these factors on childhood RMS. Therefore, the goal of this study was to 

determine the role of infections and immunizations on childhood RMS using data from the 

largest case-control study of RMS to date.
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 Methods

 Study Population

RMS cases were enrolled in the third trial previously coordinated by the Intergroup 

Rhabdomyosarcoma Study Group (IRS-III), which became part of the Children's Oncology 

Group in 2000 and managed treatment protocols for 80-85% of all childhood RMS cases in 

the United States.[17] The details regarding the case-control study have been previously 

described.[5,6,18] Briefly, newly diagnosed RMS cases 0-20 years of age were enrolled in 

the IRS-III study between April 1982 and July 1988. Central expert pathology review 

confirmed all RMS diagnoses as well as the histologic subtype (i.e., embryonal, alveolar, or 

not otherwise specified [NOS]). Of the 511 childhood RMS patients enrolled in IRS-III 

during the study period, 440 cases were eligible for the current study, and 351 had 

completed interviews. Of the 71 ineligible cases, 29 had no home telephone, nine were not 

citizens of the United States, 15 were from families that did not speak English or Spanish, 

18 were treated in institutions where the study was not approved by the institutional review 

board. An additional 89 cases did not participate due to parental (n=41) or physician (n=30) 

refusal, and 18 families could not be located. Seventy-three percent (n=322) of eligible and 

interviewed cases were matched with controls.[5,6,18]

Random-digit dialing was used to recruit controls during the same time period in which 

cases were enrolled.[5,6,18] Specifically, the telephone area code and first five digits of the 

cases’ phone number were used with two randomly selected terminal digits to search for 

matching controls. Controls were pair-matched to cases on race, sex, and age (within one 

year for cases aged 0-5 years at diagnosis, and within three years for cases aged 5-20 years 

at diagnosis). Twenty-two percent of homes with a matching child refused to participate, and 

controls could not be identified for 8% of cases.[5,6,18]

 Data Collection and Variables

Data were collected from case and control families by telephone interview at the time of 

enrollment using a structured questionnaire. 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 

minutes, respectively. Interviews were conducted in English and Spanish (six case families 

and two control families were Spanish-speaking). The interview included questions about 

childhood environmental exposures, parental occupational exposures, family demographic 

characteristics, parental lifestyle and behavioral characteristics, and medical history. On 

average, parents were asked to recall exposures that occurred eight to nine years prior to the 

interview.

For this analysis, we focused on the child's immunization history and childhood infections as 

potential risk factors for RMS. We evaluated the following questionnaire items related to 

immunizations: “Is your child up-to-date on his immunizations;” “Has your child had the 

following immunizations: 1) diphtheria, tetanus, pertussis (DPT), 2) measles, mumps, 

rubella (MMR), 3) Oral polio vaccine (OPV), 4) hepatitis B, 5) smallpox, and 6) Bacillus 

Calmette–Guérin (BCG)”; and “How many doses of these immunizations did your child 

receive.” In addition, the parents were asked about the child's infection history: “Did your 
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child have any of the following infections before diagnosis: 1) chicken pox, 2) mumps, 3) 

German measles (rubella), 4) red measles (rubeola), 5) whooping cough, 6) scarlet fever, 7) 

rheumatic fever, 8) pneumonia, 9) tuberculosis, 10) other lung infections, 11) infectious 

mononucleosis, and 12) meningitis.”

The American Academy of Pediatrics (AAP) immunization schedule during the study period 

(1980s) was used to create composite variables regarding completion of primary 

immunization series for each individual vaccine of interest and combination vaccines. 

According to the AAP completion of primary immunizations for an 18 month old child 

includes the receipt of the following set of vaccines: a) three doses of OPV, b) four doses of 

DPT, c) one dose of MMR vaccine.

Covariates for this analysis were selected a priori based on previous literature [12,19,20] and 

included: ethnicity of child (non-Hispanic 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 based on annual incomes 

during the study period). Additionally, the following matching factors were included in all 

statistical models: sex of child (male or female); race of child (white, black, or other); and 

age at diagnosis/enrollment (years).

 Statistical Analyses

Descriptive statistics were used to characterize the demographic features among cases and 

controls. Frequency distributions were tabulated for categorical variables, and means and 

standard deviations were calculated for continuous variables. Conditional logistic regression 

was used to calculate an odds ratio (OR) and 95% confidence interval (CI) to determine the 

association between each demographic factor and childhood RMS. In order to evaluate the 

role of childhood infections and immunizations on childhood RMS, conditional logistic 

regression was used to generate adjusted ORs (aORs) and 95% CIs. Associations were 

considered statistically significant if P<0.05. A test for linear trend was used to examine the 

association between aORs and an ordinal variable with more than two categories. 

Associations were considered statistically significant if P<0.05. Maternal education and total 

annual income were included in final models a priori.[5,6,17,21] Because the RMS 

histologic subtypes are suspected to be heterogeneous in etiology, the association of selected 

variables and childhood RMS was also assessed separately for children diagnosed with 

embryonal RMS and those diagnosed with alveolar RMS. All analyses were conducted 

using Stata 13.1 (StataCorp LP, College Station, TX).

 Results

Selected demographic factors among RMS cases and controls are presented in Table 1. Sex, 

age at diagnosis/enrollment, and race were similar between childhood RMS cases (n=322) 

and controls (n=322), as these were matching factors. Cases were more likely to live in 

homes where the total annual income was less than $20,000 compared to controls (OR=1.61, 

95% CI: 1.11-2.34). Case mothers and fathers were more likely to have less education 

beyond high school compared to control mothers and fathers (OR=1.10, 95%CI: 0.67-1.80 
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and OR=1.45, 95% CI: 0.88-2.37, respectively). The majority of RMS cases were diagnosed 

with embryonal (n=215, 66.7%), followed by alveolar (n=66, 20.5%), and NOS (n=41, 

12.8%).

Overall, there were no statistically significant associations detected between selected 

infections and childhood RMS (Table 2). Among the infections evaluated, inverse 

associations with childhood RMS were observed with exposure to chickenpox (OR=0.71, 

95% CI: 0.49-1.04), mumps (OR=0.69, 95% CI: 0.31-1.52), rubella (OR=0.80, 95% CI: 

0.45-1.42), and rubeola (OR=0.83, 95% CI: 0.32-2.10). Although lung infections had an 

inverse association in children with RMS (OR=0.64, 95% CI: 0.40-1.01), pneumonia was 

found to have a positive association (OR=1.17, 95% CI: 0.72-1.90). Due to an insufficient 

number of exposed cases and controls, some infections were either not estimated (i.e., 

tuberculosis and meningitis) or had imprecise confidence intervals (i.e., mononucleosis and 

pertussis). No differences were seen when results were stratified based on histology (data 

not shown), therefore results are presented for all RMS cases combined.

Immunizations and their associations with childhood RMS are presented in Table 3. Most 

parents (97.2% of case parents and 98.4% of control parents) provided information on their 

child's immunization history. DPT, MMR, and OPV were defined as complete based on the 

number of vaccinations received as defined by the AAP, and age was addressed by using a 

pair-matched data set. Children with RMS were more likely to have incomplete 

immunization schedules compared to controls (OR=5.30, 95% CI: 2.47-11.33). A 

statistically significant trend (P=0.022) was seen between an incomplete series (OR=1.56, 

95% CI: 1.06-2.29) or no doses (OR=1.74, 95% CI: 0.73-4.15) of the DPT vaccine and 

childhood RMS. A similar trend (P=0.026) was seen for an incomplete series (OR=1.42, 

95% CI: 0.86-2.35) or no doses (OR=1.87, 95% CI: 1.00-3.50) of OPV and RMS. While 

there was a positive and significant association between no doses of the MMR vaccine and 

childhood RMS in unadjusted analyses (OR=1.57, 95% CI: 1.02-2.40), this did not hold 

after adjusting for total annual income and maternal education (OR=1.43, 95% CI: 

0.94-2.21).

 Discussion

Overall, our results suggest that incomplete or lack of immunizations was positively 

associated with childhood RMS risk. Specifically, children with incomplete immunizations 

according to the AAP were 5-times more likely to develop RMS compared to those with 

complete immunizations. Specific incomplete immunizations that were associated with 

childhood RMS were the MMR vaccine and the OPV vaccine. While the incomplete DPT 

vaccine was not significantly associated with childhood RMS, the direction of effect was 

consistent.

There was little evidence that infections were associated with childhood RMS. However our 

findings of an inverse association with chickenpox infection and childhood RMS are 

consistent with a previous study on the role of chickenpox infection and glioma risk 

(OR=0.59, 95% CI: 0.40-0.86).[22] The expansion of varicella zoster-specific CD4 and CD8 

T cells elicited in response to the varicella vaccine occurs in a similar fashion as that of 
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naturally-acquired chickenpox infection.[23] Therefore, future studies of this association 

with RMS should include the evaluation of varicella vaccine, which is part of the current 

AAP immunization schedule, in addition to chickenpox infection.

Our findings of the protective effect of immunizations on childhood RMS risk are consistent 

with a previous report of childhood RMS. In a smaller study of RMS using another 

population (n=33 cases), more cases were incompletely immunized compared to controls, 

similar to our study population.[21] While the findings were not statistically significant, 

childhood RMS was inversely associated with complete immunizations (OR=0.7, 95% CI: 

0.1-7.6), DPT (OR=0.7, 95% CI: 0.1-7.6), and MMR (OR=0.3, 95% CI: 0.1-1.5). 

Furthermore, our results related to childhood infections are largely similar. Specifically, their 

findings were mixed and not statistically significant.[21]

Childhood immunizations have been associated with other childhood malignancies, most 

notably childhood ALL. In one case-control study of childhood ALL (n=63 cases), cases 

were less likely to be immunized against measles compared to controls (RR=0.2, 95% CI: 

0.1-0.7).[24] A larger, more recent case-control study of childhood ALL (n=323 cases) also 

found that cases were less likely to be fully immunized against Haemophilus influenzae type 

b compared to controls (OR=0.55, 95% CI: 0.32-0.97).[25] Similar associations have also 

been reported for childhood lymphomas and acute myelogenous leukemia.[26]

The mechanisms underlying these associations are unclear. However, it is believed that early 

immunologic stimuli, including vaccines, stimulate the developing immune system, possibly 

promoting the anti-tumor activity of T-helper Type 2 (Th2), T-helper Type 1 (Th1), and 

natural killer (NK) cells.[27] Specifically, immunologic responses to vaccines are 

determined by the dosing interval and the child's age, which is reflected in the AAP 

immunization schedule. The effects of these early childhood vaccination responses are 

unique as they are predominantly Th2 responses, and completion of vaccination schedules 

can lead to the persistence of immune memory.[28] This immunologic priming has been 

theorized to modulate the adaptive immune system to recognize and eliminate malignant 

cells and control their growth.[29] The anti-tumor effect of Th2 cells is due in part to 

eosinophil-mediated tumor clearance and also through the release of cytokines including 

interleukin (IL)-4 and IL-10, which ultimately inhibit angiogenesis and inflammation.[30] 

Notably, live (e.g., MMR) and killed vaccines (e.g., DPT, OPV) elicit responses 

predominantly from Th1 or Th2 cells, respectively. Th1 anti-tumor activity is thought to play 

a role through interferon (IFN)-gamma, which stimulates macrophages and CD8+ cytotoxic 

T cell infiltration limiting tumorigenic activity.[30] Specific to RMS risk, Th2 response 

appears to play a role in the differentiation phase of myogenesis through recruitment of 

macrophages and secretion of IL-4 and IL-10. Disruption of this process halts maturation of 

regenerating skeletal muscle and increases myoblast proliferation through persistence of 

IL-6.[31]

Our study must be considered in light of certain limitations. As information on 

immunizations was obtained through a structured questionnaire, there is a potential for recall 

bias (i.e., mothers of cancer patients may be more likely to accurately report childhood 

infections and immunization status in light of their child's cancer diagnosis). Though it is 
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difficult to discern if recall bias influenced our findings, our results are consistent with 

several studies evaluating immunizations and leukemia,[13,32,33] as well as RMS and 

neuroblastoma.[14,21] Furthermore, a study evaluating parental report of childhood 

vaccinations indicated that recall of completeness of vaccines was similar to provider-based 

records.[21] Finally, vaccination coverage in our study population is similar to national 

estimates during the same period.[25] Another limitation of our study is the age of the 

dataset, which resulted in the inability to evaluate newer vaccines including hepatitis A and 

B, varicella, injectable polio, pneumococcal, Haemophilus influenzae type b, and rotavirus.

[34]

Our study has several strengths, including being the largest case-control study of childhood 

RMS with all cases centrally reviewed by the IRS Group. Cases were enrolled from all 

across the United States and matched controls were selected via random-digit dialing 

methods to reduce bias due to geographic variability. The response rate was high among 

cases (92%) and controls (78%), which was comparable to other studies utilizing random 

digit dialing as a selection method for controls during that time period.[35]

In summary, our findings suggest that immunizations may decrease the risk of childhood 

RMS. Our results are consistent with associations seen with other childhood malignancies.

[13,24,26,33] However, our findings must be validated in larger and contemporary 

populations. Specifically, future studies will need to take into consideration the ever growing 

landscape of vaccination schedules and whether specific vaccines or vaccinations overall 

play a role in childhood RMS. Ultimately, our findings add to the growing body of evidence 

suggesting the importance of immune regulation on childhood cancer incidence.
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 Abbreviations

RMS rhabdomyosarcoma

OR odds ratio

DPT diphtheria-pertussis-tetanus

MMR measles-mumps-rubella

OPV oral polio vaccine

CI confidence interval

IRS Intergroup Rhabdomyosarcoma Study

AAP American Academy of Pediatrics
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ALL acute lymphoblastic leukemia

Th-2 T-helper Type 2

Th-1 T-helper Type 1

IFN interferon
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TABLE I

Demographic Characteristics of Childhood Rhabdomyosarcoma Cases and Controls

Characteristic Controls N=322 Cases N=322 OR 95% CI

Sex of the child, n (%)

    Male 215 (66.8) 215 (66.8) 1.00 Ref.

    Female 1.007 (33.2) 107 (33.2) 1.00 0.72-1.39

Race of child, n (%)

    White 291 (90.4) 287 (89.1) 1.00 Ref.

    Black 21 (6.5) 20 (6.2) 0.97 0.51-1.82

    Other 10 (3.1) 15 (4.7) 1.52 0.67-3.44

Ethnicity of child, n (%)

    Non-Hispanic 307 (95.9) 303 (94.7) 1.00 Ref

    Hispanic 13 (4.1) 17 (5.3) 1.32 0.63-2.78

Age in years
a
, mean (SD)

7.5 (5.4) 7.6 (5.3)
NE

b
NE

b

Maternal education, n (%)

    <High School 39 (11.8) 45 (14.1) 1.10 0.67-1.80

    High School 126 (39.4) 132 (41.4) 1.00 Ref.

    >High School 155 (48.4) 142 (44.5) 0.87 0.63-1.22

Paternal education, n (%)

    <High School 37 (11.8) 54 (17.1) 1.45 0.88-2.37

    High School 111 (35.5) 112 (35.3) 1.00 Ref.

    >High School 165 (52.7) 151 (47.6) 0.91 0.64-1.28

Total Annual income, n (%)

    <$20,000 77 (24.3) 104 (32.8) 1.61 1.11-2.35

    $20,000-$39,999 155 (48.9) 131 (41.3) 1.00 Ref.

    ≥$40,000 85 (26.8) 82 (25.9) 0.68 0.78-1.67

Histologic subtypes, n (%)

    Embryonal 215 (66.7) N/A

    Alveolar 66 (20.5) N/A

    NOS 44 (12.8) N/A

Abbreviations: OR=odds ratio; CI=confidence interval; SD=standard deviation

c NOS – not otherwise specified

a
Age at diagnosis/enrollment

b
NE – not estimated
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TABLE II

Association Between Selected Infections with Childhood Rhabdomyosarcoma

Infection Total N (%) Controls N (%) Cases N (%) OR 95% CI OR
a 95% CI

Chickenpox

    No 326 (51.3) 152 (48) 174 (54.7) 1.00 Ref. 1.00 Ref.

    Yes 309 (48.7) 165 (52) 144 (45.3) 0.71 0.49-1.04 0.71 0.48-1.04

Mumps

    No 604 (94.8) 299 (94.6) 305 (95) 1.00 Ref. 1.00 Ref.

    Yes 33 (5.2) 17 (5.4) 16 (5) 0.75 0.35-1.59 0.69 0.31-1.52

Pneumonia

    No 565 (88) 284 (88.8) 281 (87.3) 1.00 Ref. 1.00 Ref.

    Yes 77 (12) 36 (11.3) 41 (12.7) 1.17 0.72-1.90 1.25 0.75-2.09

Scarlet Fever

    No 624 (97.7) 310 (97.8) 314 (97.5) 1.00 Ref. 1.00 Ref.

    Yes 15 (2.4) 7 (2.2) 8 (2.5) 1.00 0.35-2.85 0.99 0.34-2.85

Rubella

    No 576 (91.6) 284 (91) 292 (92.1) 1.00 Ref. 1.00 Ref.

    Yes 53 (8.4) 28 (9) 25 (7.9) 0.85 0.49-1.49 0.80 0.45-1.42

Rubeola

    No 613 (96.7) 304 (96.2) 309 (97.2) 1.00 Ref. 1.00 Ref.

    Yes 21 (3.3) 12 (3.8) 9 (2.8) 0.75 0.32-1.78 0.83 0.32-2.10

Pertussis

    No 634 (99.5) 318 (99.7) 316 (99.4) 1.00 Ref. 1.00 Ref.

    Yes 3 (0.5) 1 (0.3) 2 (0.6) 2.00 0.18-22.01 2.45 0.21-28.21

Mononucleosis

    No 637 (99.1) 319 (99.4) 318 (98.8) 1.00 Ref. 1.00 Ref.

    Yes 6 (0.9) 2 (0.6) 4 (1.2) 2.00 0.37-10.9 2.29 0.41-12.82

Lung infections

    No 546 (85.2) 263 (82.4) 283 (87.9) 1.00 Ref. 1.00 Ref.

    Yes 95 (14.8) 56 (17.6) 39 (12.1) 0.64 0.40-1.01 0.65 0.40-1.04

Abbreviations: OR=odds ratio; CI=confidence interval. Cases and controls pair matched on race, sex, and age

a
Adjusted for maternal education and total annual income (cases and controls pair matched on race, sex, and age)
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TABLE III

Association of Immunization Schedules with Childhood Rhabdomyosarcoma

Immunization factors Total N (%) Controls N (%) Cases N (%) OR 95% CI OR
a 95% CI P for trend

a

Incomplete immunizations

    No 561 (90.5) 304 (96.2) 257 (84.5) 1.00 Ref. 1.00 Ref.

    Yes 59 (9.5) 12 (3.8) 47 (15.5) 4.50 2.27-8.93 5.30 2.47-11.33

MMR vaccine

    Complete 502 (78.0) 261 (81.0) 241 (74.8) 1.00 Ref. 1.00 Ref.

    None 142 (22.1) 61 (18.9) 81 (25.2) 1.57 1.02-2.40 1.43 0.92-2.21

DPT vaccine

    Complete 459 (71.2) 246 (76.4) 213 (66.2) 1.00 Ref. 1.00 Ref.

    Incomplete 162 (25.2) 67 (20.8) 95 (29.5) 1.66 1.15-2.40 1.56 1.06-2.29

    None 23 (3.6) 9 (2.8) 14 (4.3) 1.91 0.81-4.50 1.74 0.73-4.15 0.022

Oral polio vaccine

    Complete 459 (71.3) 246 (76.4) 213 (66.2) 1.00 Ref. 1.00 Ref.

    Incomplete 162 (25.2) 67 (20.8) 95 (29.5) 1.52 0.93-2.48 1.42 0.86-2.35

    None 23 (3.6) 9 (2.8) 14 (4.4) 1.69 0.95-3.03 1.87 1.00-3.50 0.026

Abbreviations: OR=odds ratio; CI=confidence interval. Cases and controls pair matched on race, sex, and age

a
Adjusted for maternal education and total annual income (cases and controls pair matched on race, sex, and age)
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