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A B S T R A C T

Purpose
Regional lymph node disease (RLND) is a component of the risk-based treatment stratification in
rhabdomyosarcoma (RMS). The purpose of this study was to determine the contribution of RLND
to prognosis for patients with RMS.

Patients and Methods
Patient characteristics and survival outcomes for patients enrolled onto Intergroup Rhabdomyo-
sarcoma Study IV (N � 898, 1991 to 1997) were evaluated among the following three patient
groups: nonmetastatic patients with clinical or pathologic negative nodes (N0, 696 patients);
patients with clinical or pathologic positive nodes (N1, 125 patients); and patients with a single site
of metastatic disease (77 patients).

Results
Outcomes for patients with nonmetastatic alveolar N0 RMS were significantly better than for
patients with N1 RMS (5-year failure-free survival [FFS], 73% v 43%, respectively; 5-year overall
survival [OS], 80% v 46%, respectively; P � .001). Patients with a single site of alveolar metastasis
had even worse FFS and OS (23% FFS and OS, P � .01) when compared with patients with N1
RMS; however, the differences was not as large as the differences between patients with N0
RMS and N1 RMS. For embryonal RMS, there was no statistically significant difference in FFS or
OS (P � .41 and P � .77, respectively) for patients with N1 versus N0 RMS. Gene array analysis
of primary tumor specimens identified that genes associated with the immune system and antigen
presentation were significantly increased in N1 versus N0 alveolar RMS.

Conclusion
RLND alters prognosis for alveolar but not embryonal RMS. For patients with N1 disease and alveolar
histology, outcomes were more similar to distant metastatic disease rather than local disease. Current
data suggest that more aggressive therapy for patients with alveolar N1 RMS may be warranted.

J Clin Oncol 29:1304-1311. © 2011 by American Society of Clinical Oncology

INTRODUCTION

Rhabdomyosarcoma (RMS) is the most common
malignant soft tissue tumor of childhood.1

Through clinical trials using multimodality ther-
apy, under the auspices of the Intergroup Rhab-
domyosarcoma Group and the Children’s
Oncology Group (COG), survival has steadily im-
proved over the last three decades in North Amer-
ica.2,3 Approximately 15% of children present
with distant metastatic RMS, and their prognosis
has not significantly improved.4 However, several
groups have noted that the outcomes in children
with metastatic disease might not be uniformly

poor because some subsets of patients demon-
strate improved outcomes.5

Prognostic factors and clinical outcomes have
been evaluated in patients with RMS by COG and
other international cooperative study groups. The
COG evaluated prognostic factors for patients with
localized and distant metastatic RMS during the In-
tergroup Rhabdomyosarcoma Study (IRS) III and
IRS-IV therapeutic trials. For patients with localized
RMS, the factors most strongly associated with
failure-free survival (FFS) included stage, clinical
group, alveolar histology, unfavorable primary tu-
mor sites, invasive tumors (T2), tumors larger than
5 cm, and age less than 1 or more than 10 years.6 N1
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disease was identified as an independent prognostic factor only in
patients with stage III alveolar disease. In addition, for patients with
otherwise localized disease, such as an extremity, N1 disease may
be associated with an inferior outcome.7,8 For patients with distant
metastatic RMS, overall survival (OS) and FFS were significantly in-
fluenced by alveolar histology and an increasing number of metastatic
sites.5 The purpose of this study was to evaluate the effect of regional
lymph node disease (RLND) on prognosis for all patients with RMS.
In addition, we analyzed gene expression profiles from a subset of
patients with alveolar N0 and N1 RMS to determine whether a particular
gene expression signature was associated with RNLD and outcome.

PATIENTS AND METHODS

Patient Population

Patients evaluated were enrolled onto IRS-IV (N � 898 patients, 1991 to
1997). Details of the chemotherapy and radiotherapy treatment have been
previously published.4, 7, 9 All treatment arms were combined for our analysis
because there was no significant difference in outcome. The data presented in
this analysis compare patient characteristics and survival outcome among the
following three groups of eligible IRS-IV patients: nonmetastatic patients with
clinically or pathologically confirmed N0 disease (n � 696); nonmetastatic
patients with clinically or pathologically confirmed N1 disease (n � 125); and
patients with metastatic disease at a single site (n�77). IRS-IV required lymph
node biopsy of all clinically positive nodes but did not require biopsy for
extremity or paratesticular (� 10 years old) primary tumors, as was required
on subsequent COG clinical trials, potentially leading to an underestimation of
N1 incidence. Patients with clinically confirmed N1 disease by imaging or
physical examination and patients with pathologically confirmed N1 disease
were combined. Patient characteristics of 125 patients classified as N1 either
clinically or pathologically are presented in Appendix Table A1 and Appendix
Figure A1 (online only). Although there were differences in patient and disease
characteristics between groups (clinically v pathologically confirmed N1), the
similar FFS and OS allowed a combined analysis of the two groups. There was
good agreement between clinical and pathologic determination of nodal status
(� � 0.78; 95% CI, 0.69 to 0.86). Clinical/radiographic determination of nodal
disease was correct in 84% of patients with N1 RMS and 93% of patients with
N0 RMS who had pathologic confirmation (n � 222 patients with both
radiographic and pathologic nodal status).

Statistical Methods

FFS is defined as the time from the start of treatment to disease
progression or death, reflecting the percentage of participants who re-
mained alive without relapse, progressive disease, or a fatal event from any
cause. OS was defined as the time from the start of treatment to death from
any cause. The Kaplan-Meier method was used to estimate the FFS and OS
distributions.10 Differences between survival curves were analyzed by the
log-rank test.11 Cox proportional hazards regression models were used to
describe the association between the risk of failure and nodal status while
accounting for potential confounding factors.12 The distributions of cate-
gorical patient characteristics were compared between the groups using a
�2 test or Fisher’s exact test. The � statistic was used to evaluate agreement
between clinical and pathologic determination of nodal status. P � .05 was
considered statistically significant, unless otherwise indicated. The site of
first recurrence was defined as local if the tumor recurred only at the site of
primary disease; as regional if regional lymph nodes were involved, with
or without local recurrence; and as distant if any metastatic disease
was present.

Analysis of Gene Expression

Microarray data for this study was from a previously published study13

and can be found at the National Cancer Institute Web site.14 From a total of 27
alveolar histology patients with annotated complete pathologic staging data, a
subset of 25 IRS-IV patients with alveolar histology (N0, n � 15; N1, n � 10),

with no distant metastases, and with microarray data from the primary tumor
site were evaluated for differential gene expression using Affymetrix U133Av2
GeneChips (Affymetrix, Santa Clara, CA). Two samples obtained from
regional lymph nodes rather than the primary site were excluded from
analysis (complete pathologic data can be found in the Data Supplement).
Using routine histologic examination and CD45 immunohistochemistry,
all primary tumor samples evaluated for microarray analysis were screened
for lymphocyte contamination (� 1%). Gene expression data were avail-
able for only three patients with embryonal N1 RMS, precluding a similar
analysis. Supervised testing for differentially expressed genes was deter-
mined using selection criteria of at least 1.5 mean-fold difference in expres-
sion, filtered using a t test for a significance level of P � .05. Functional
annotation was performed using the DAVID online tool (http://david
.abcc.ncifcrf.gov/ease) for over-representation analysis of differentially ex-
pressed genes, and hierarchical clustering for expression matrix was per-
formed using Pearson’s correlation coefficient and complete-linkage
distance metrics.15-17

Immunohistochemistry

Five-micron sections cut from paraffin blocks were stained using
mouse antimyogenin antibody (clone F5D; BD Pharmingen, San Jose, CA)
and polyclonal rabbit antihuman immunoglobulin (Ig) A, IgG, IgM, and �
and � light chains (DakoCytomation, Glostrup, Denmark) after antigen
retrieval using Leica Bond Epitope Retrieval Solution 2 (Leica Microsys-
tems, Newcastle upon Tyne, United Kingdom). Primary antibodies were
detected using species-specific secondary antibodies tagged with Cy3 don-
key antimouse or fluorescein isothiocyanate goat antirabbit (Jackson Im-
munoResearch, West Grove, PA). Images were captured using a Leica
inverted fluorescence microscope, equipped with an Optronics MagnaFire
digital microscope camera (Optronics, Goleta, CA); composite images
were prepared using Photoshop CS3 (Adobe Systems, Mountain
View, CA).

RESULTS

Patient Characteristics

Table 1 lists patient characteristics by the following three analysis
groups: N0, N1, and single site of metastasis. There are significant
differences between the analysis groups. Compared with patients with
N0 disease, patients with N1 disease were more likely to be older than
10 years, have unfavorable primary sites, have alveolar histology, have
a higher stage and group disease, and have large invasive primary
tumors. The disease and patient characteristics for patients with N1
disease more closely approximate those of patients with a single site of
metastatic disease. By definition, stage and group will be different
between patients with nonmetastatic disease, regardless of nodal sta-
tus, versus metastatic disease.

Incidence of RLND

Although the overall frequency of N1 disease was 23%, higher
rates were seen at the following selected primary sites: perineum
(50%), retroperitoneum (28%), and extremity (23%; Table 2).

Patient Outcomes

Comparing the different analysis groups, there was a statistically
significant difference in FFS (Fig 1A) and OS (Appendix Fig A2A,
online only). Patients with N0 disease had the best outcome, and
patients with a single metastatic site had the worst outcome. Patients
with N1 disease had an intermediate outcome for both FFS and OS
(P � .001 for all comparisons).

Patient outcomes based on tumor histology (alveolar and embry-
onal) were also evaluated. Patients with alveolar tumors, either N1 or
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a single metastatic focus, had similar FFS rates that were significantly
worse when compared with N0 alveolar tumors (P � .001; Fig 1B). OS
for patients with alveolar histology was similar to FFS (P � .001;
Appendix Fig A2B). In contrast, patients with embryonal RMS had
similar FFS rates regardless of nodal status; however, patients with a
single distant metastatic focus had significantly worse FFS (P � .001;
Fig 1C) and OS (P � .001; Appendix Fig A2C).

Predictors of Outcome

To determine whether RLND is an independent predictor of
outcome, we used a multivariate regression analysis model. Stepwise,
multivariate regression models initially included RLND, group, age,
and tumor stage, size, and site and their association with FFS and OS
separately for alveolar and embryonal histology. Statistically signifi-
cant predictors of FFS are displayed in Table 3; identical predictors
were identified for OS. Node status was the only statistically significant
predictor of outcome for patients with alveolar tumors. For patients

with embryonal tumors, the statistically significant predictors of out-
come included RLND, patient age, tumor invasion, and site of pri-
mary tumors. However, after adjusting for the other predictors in the
model, there were no statistically significant differences in outcome for
N0 versus N1 disease in embryonal tumors (FFS, P � .41; OS,
P � .77). Patients with a single site of metastasis with embryonal
histology had significantly poorer outcomes than patients with N1
disease (FFS, P � .001; OS, P � .001) after adjusting for the other
statistically significant factors.

Site of Relapse

Of the total 253 patients who experienced relapse, 151 (22% rate
of relapse) had N0 disease, 48 (38%) had N1 disease, and 54 (70%) had
metastatic disease. Complete information concerning site of relapse
was only available for 225 study participants. The types of relapse are
similar between the analysis groups (P � .54, Appendix Table A2,
online only).

Table 1. Demographics and Baseline Disease Characteristics According to Grouping Status

Demographic or Disease Characteristic

Node Negative
(n � 696)

Node Positive
(n � 125)

Single Site of Metastasis
(n � 77)

PNo. of Patients % No. of Patients % No. of Patients %

Age, years .0048
� 1 31 4 6 5 3 3
1-9 485 70 66 53 50 65
� 10 180 26 53 42 24 31

Sex .0972
Male 438 63 66 53 46 60
Female 258 37 59 47 31 40

Race .038
White 506 73 76 61 50 65
Hispanic 59 8 17 14 12 16
Black 108 16 23 18 13 17
Other 23 3 9 7 2 3

Site � .001
Favorable 273 39 28 22 10 13
Unfavorable 423 61 97 78 67 87

Histology � .001
Alveolar 118 17 56 45 30 39
Embryonal 505 73 54 43 36 47
Undifferentiated 29 4 13 10 2 3
Other 44 6 2 2 9 12

Stage � .001
I 43 37 30 24 0 0
II 35 30 0 0 0 0
III 37 32 95 76 0 0
IV 0 0 0 0 77 100

Group � .001
I 196 28 0 0 0 0
IIA 95 14 0 0 0 0
IIB 1 0.1 12 10 0 0
IIC 0 0 11 9 0 0
III 404 58 102 82 0 0
IV 0 0 0 0 77 100

Size, cm � .001
� 5 380 55 35 28 13 17
� 5 316 45 90 72 64 83

Tumor stage � .001
T1 397 57 29 23 8 11
T2 299 43 96 77 68 89

Rodeberg et al
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Gene Array Analysis

To explore whether the significant differences in FFS and OS
observed in alveolar RMS for N1 versus N0 disease were associated
with significant differences in tumor biology, we analyzed a subset of
tumors of 25 IRS-IV patients using oligonucleotide microarrays to
profile gene expression. All of the expression profiles analyzed were
from primary tumor material, and none contained more than 1%
leukocyte infiltration. We found 198 probe sets that were differentially
expressed (160 and 38 probe sets at increased expression in N1 and N0
tumors, respectively; Appendix Fig A3, online only, and Data Supple-
ment). Table 4 lists the most differentially expressed probe sets and
shows that most of the genes overexpressed in N1 alveolar tumors are
immune markers including �2-microglobulin, complement compo-
nents, major histocompatibility complex molecules, and Igs. This
pattern of overexpressed immune markers was present in 80% of N1
alveolar tumors. Rigorous over-representation analysis of Gene On-
tology categories confirms that in N1 alveolar tumors, 40% of the
overexpressed genes encode immune response proteins whose most
frequent molecular function and cellular compartment were antigen
binding and major histocompatibility complex protein complex, re-
spectively (Data Supplement). Particularly prominent were those as-
sociated with antigen-presenting cells such as B cells. The immune
response signatures detected in this subset of N1 alveolar tumors
suggests activation of a gene expression program that may contribute
to evasion of immune cell–mediated tumor apoptosis. A similar anal-
ysis for embryonal tumors was not possible given the low number of
patients (n � 3) with N1 disease.

To support the gene array findings, we performed immuno-
histochemistry on a subset of primary tumors from four patients
identified by the gene array to highly express Ig � constant (Fig 2).
Manual counting of 10 myogenin-positive cells in five random
fields for each patient revealed that 45% (standard deviation, 28%)
of tumor cells coexpressed Ig chains. These findings show that both
B-cell–specific genes and proteins are expressed in N1 alveolar
RMS tumor cells.

DISCUSSION

This study demonstrates several important clinical findings and bio-
logic associations for patients with N1 RMS. Patients with N1 disease,

compared with patients with N0 disease, more commonly have dis-
ease characteristics associated with poor prognosis. In addition, N1
disease was present in 23% of all patients with RMS, with sites such as
perineum, retroperitoneum, extremity, bladder/prostate, paramenin-
geal, and paratesticular having a greater than 10% incidence of N1. N1
disease alters both FFS and OS for alveolar but not embryonal RMS.
For patients with alveolar histology and N1 disease, outcomes were
more similar to patients with a single site of metastatic disease than
patients with N0 disease. For alveolar RMS, multivariate analysis con-
firmed the importance of N1 as an independent prognostic factor.
However, these findings did not extend to embryonal RMS. Finally,
gene array analysis of tumors shows that different categories of genes
are upregulated in patients with N1 disease depending on tumor
histology. Specifically, there are associations between the expression of
immune response genes and patients with N1 disease and alveo-
lar histology.

The unfavorable clinical features in patients with N1 disease
mirror those traditionally seen in patients with distant metastatic
disease, who are more likely to be older and have alveolar histology,
larger invasive tumors, and unfavorable primary tumor sites.4,5,18 The
European Intergroup studies (MMT4-89 and MMT4-91) addition-
ally found a 55% incidence of N1 disease.18

The outcomes analysis for the current study identified significant
differences between analysis groups for both FFS and OS. Patients
with N0 disease had the best outcomes, and patients with a single
metastatic site had the worst outcomes. Patients who had N1 disease
had an intermediate prognosis. Outcomes analysis based on tumor
histology showed that patients with N1 alveolar tumors or a single
metastatic focus had similar outcomes that were significantly
worse when compared with patients with N0 disease. However,
patients with embryonal histology with either N0 or N1 disease had
similar outcomes, whereas patients with a single metastatic focus
still faired poorly.

The significance of N1 disease on prognosis for either localized or
metastatic tumors has varied in prior large clinical trials. For patients
with metastatic RMS, OS at 3 years was significantly influenced by
tumor histology and increasing numbers of metastatic sites, whereas
the prognostic significance of RLND was marginal by univariate anal-
ysis.4,5 In multivariate analysis, the only factor that correlated signifi-
cantly with improved FFS and OS was the presence of two or fewer

Table 2. Incidence of Regional Lymph Node Disease by Site of Primary Disease

Site

Node Negative
(n � 696)

Node Positive
(n � 125)

Pathologic Node Positive
(n � 59)

Clinical Node Positive
(n � 66)

No. of Patients % No. of Patients % No. of Patients % No. of Patients %

Extremity 79 77 24 23 16 15 8 8
Head/neck/orbit 130 91 13 9 7 5 6 4
Bladder/prostate 81 88 11 12 3 3 8 9
GI 7 100 0 0 0 0 0 0
Parameningeal 169 82 36 18 14 7 22 11
Paratestis 113 89 14 11 9 7 5 4
Perineum 7 50 7 50 6 43 1 7
Retroperineum 41 72 16 28 3 5 13 23
Trunk 35 94 2 6 1 3 1 3
Uterine/vagina 30 100 0 0 0 0 0 0

Regional Lymph Node Disease in RMS
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metastatic sites (P � .007 and P � .006, respectively). The European
Intergroup studies (MMT4-89 and MMT4-91) similarly showed that
age between 1 and 10 years, the absence of bone or bone marrow
metastases, and primary tumor in head and neck or genitourinary sites
(nonbladder/prostate) were found to be independently favorable fac-
tors for both OS and FFS.18 Meza et al6 demonstrated in their multi-
variate analysis of North American patients with nonmetastatic RMS
that only stage and group were significantly associated with FFS for
most patients with alveolar RMS. However, for patients with stage III,

group III alveolar RMS, N1 was associated with poorer FFS and OS. In
contrast, in patients with embryonal RMS stage and group, large
tumor size (� 5 cm), unfavorable primary site, age less than 1 or more
than 10 years, and invasive tumors were associated with inferior FFS.9

Evaluating a pooled cohort of 951 international patients with non-
metastatic RMS, important prognostic factors determined by univar-
iate analysis included tumor invasiveness, tumor size, primary site,
and N1 disease.19 However, by multivariate Cox regression, only tu-
mor invasiveness and primary site remained significant predictors of
survival. These observations have resulted in current European Sar-
coma Study Group treatment protocols assigning patients with alve-
olar N1 RMS, but not embryonal N1 RMS, to the very high–risk
treatment protocol.20 Thus, N1 status impacts treatment intensity in
alveolar but not embryonal RMS. The lack of significance for N1
disease on outcome in the majority of prior COG and European
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Fig 1. Failure-free survival curves for patients who are regional lymph node
disease (RLND) negative, patients who are RLND positive, and patients with one
site of metastatic disease in (A) both embryonal and alveolar rhabdomyosarcoma
(RMS), (B) alveolar RMS only, and (C) embryonal RMS only.

Table 3. Multivariate Analysis of FFS and OS

Predictor
Hazard
Ratio 95% CI P

Alveolar FFS
Node group

Node positive 1 —
Node negative 0.4 0.2 to 0.6 � .001
Single site of metastasis 1.8 1.0 to 3.0 .04

Alveolar OS
Node group

Node positive 1 —
Node negative 0.3 0.2 to 0.5 � .001
Single site of metastasis 2.0 1.1 to 3.4 .01

Embryonal FFS
Node group

Node positive 1 —
Node negative 1.3 0.7 to 2.4 .41
Single site of metastasis 5.2 2.6 to 10.5 � .001

Age at diagnosis, years
� 10 1 —
� 10 2.2 1.5 to 3.2 � .001

Tumor stage
T1 1 —
T2 2.5 1.7 to 3.7 � .001

Site
Other 1 —
Extremity 2.5 1.3 to 5.1 .008

Embryonal OS
Node group

Node positive 1 —
Node negative 1.1 0.5 to 2.3 .77
Single site of metastasis 6.0 2.7 to 13.3 � .001

Age at diagnosis, years
� 10 1 —
� 10 2.2 1.5 to 3.2 � .001

Tumor stage
T1 1 —
T2 2.5 1.7 to 3.7 � .001

Site
Other 1 —
Extremity 2.5 1.3 to 5.1 � .001
Parameningeal — — .002

Abbreviations: FFS, failure-free survival; OS, overall survival.

Rodeberg et al
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studies most likely reflects that the majority of RMS disease is embry-
onal; therefore, the preponderance of these patients in the data analy-
sis may have masked the effect of N1 disease on outcome for
alveolar RMS.

Genomic analysis of human tumor specimens has redefined tu-
mor classes based on molecular features and identified new subclasses
previously unrecognized by conventional histology or cytogenetics.
Genetic analysis is currently being evaluated as a clinical tool to deter-
mine patient prognosis and identify patients at risk for development of
nodal and metastatic disease. For example, Rickman et al21 analyzed
head and neck squamous cell carcinoma. They concluded that meta-
static and poorly differentiated tumors were characterized a pattern
of gene expression that was distinct from localized and well-
differentiated tumors. More specifically regarding nodal disease, ge-

netic expression profiling was performed by Kashiwazaki et al22 on N0
and N1 oral squamous cell carcinoma. Genes expressed at higher levels
in N1 disease included angiogenesis-related molecules, cell adhesion
molecules, and proteolytic enzymes. Similarly, Tamoto et al23 showed
that N1 esophageal carcinomas overexpressed genes involved in both
cell adhesion and cell membrane receptors; whereas those with N0
disease overexpressed genes involved in cell cycle regulation and
intracellular signaling. These studies suggest that tumors likely to
metastasize to regional lymph nodes may be identified by gene
expression profiling.

Davicioni et al15 recently have shown that RMS variants (alveo-
lar, embryonal, and undifferentiated) are associated with distinct gene
expression profiles, reflecting their inherent biologic and clinicopath-
ologic differences. In this more focused study, we find additional

Table 4. The 40 Most Significant Probe Sets (ranked by P value) From the List of Differentially Expressed Probe Sets Between Patients With Alveolar
RMS RLND Positive and Negative Disease

Gene Name Gene Symbol Mean FD P (t test)

Apolipoprotein E APOE 1.7 � .001
Apolipoprotein E APOE 1.6 � .001
�2-microglobulin B2M 2.2 � .001
Complement component 1, q subcomponent, A chain C1QA 1.8 � .001
Complement component 1, r subcomponent C1R 1.6 � .001
Complement component 1, s subcomponent C1S 1.8 � .001
Complement component 7 C7 2.1 � .001
Calcium channel, voltage-dependent, P/Q type, �1A subunit CACNA1A �1.6 � .001
CD74 molecule, major histocompatibility complex, class II invariant chain CD74 2.3 � .001
Carboxypeptidase E CPE 1.8 � .001
GTP binding protein overexpressed in skeletal muscle GEM 1.7 � .001
Major histocompatibility complex, class I, A HLA-A 1.9 � .001
Major histocompatibility complex, class I, A HLA-A 2.4 � .001
Major histocompatibility complex, class I, B HLA-B 2.6 � .001
Major histocompatibility complex, class I, B HLA-B 2.4 � .001
Major histocompatibility complex, class I, C HLA-C 2.6 � .001
Major histocompatibility complex, class I, C HLA-C 2.4 � .001
Major histocompatibility complex, class I, C HLA-C 2.3 � .001
Major histocompatibility complex, class II, DM � HLA-DMA 1.5 � .001
Major histocompatibility complex, class II, DP �1 HLA-DPA1 2.1 � .001
Major histocompatibility complex, class II, DP �1 HLA-DPA1 2.5 � .001
Major histocompatibility complex, class II, DP �1 HLA-DPB1 2.0 � .001
Major histocompatibility complex, class II, DQ �1 HLA-DQB1 1.6 � .001
Major histocompatibility complex, class II, DR � HLA-DRA 2.2 � .001
Major histocompatibility complex, class II, DR � HLA-DRA 2.2 � .001
Major histocompatibility complex, class II, DR �1 HLA-DRB1 2.2 � .001
Major histocompatibility complex, class II, DR �1 HLA-DRB1 2.2 � .001
Major histocompatibility complex, class II, DR �1 HLA-DRB1 2.0 � .001
Major histocompatibility complex, class II, DR �1 HLA-DRB1 2.5 � .001
Major histocompatibility complex, class I, F HLA-F 1.8 � .001
Insulin-like growth factor binding protein 7 IGFBP7 2.3 � .001
Immunoglobulin heavy locus IGH@ 6.0 � .001
Immunoglobulin � locus IGK@ 2.4 � .001
Immunoglobulin � constant IGKC 2.0 � .001
Immunoglobulin � constant IGKC 3.7 � .001
Immunoglobulin � constant IGKC 4.0 � .001
Immunoglobulin � variable 1D-13 IGKV1D-13 1.5 � .001
Immunoglobulin � locus IGL@ 4.8 � .001
Immunoglobulin �-like polypeptide 3 IGLL3 1.7 � .001
Interleukin-6 signal transducer (gp130, oncostatin M receptor) IL6ST 1.8 � .001

Abbreviations: RMS, rhabdomyosarcoma; RLND, regional lymph node disease; FD, fold difference.
�Relative to patients who are RLND positive.
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heterogeneity within the alveolar tumors not previously recognized.
The genetic profile of patients with N1 alveolar RMS showed an
overexpression of genes encoding proteins involved in immune re-
sponse functions, such as antigen processing, presentation, and bind-
ing, in the vast majority of patients. We observed that most of the N1
alveolar RMS tumors expressed B-cell markers20 and expressed many
markers normally associated with lymphoid tissue (CD20, CD19, and
CD24) in addition to hallmark alveolar RMS molecular features (eg,
PAX/FKHR translocation, MyoD1, actin, myoglobin, desmin expres-
sion). The increased expression of this immune response signature
may provide an explanation for the distinct biologic behavior and
poorer prognosis in patients with N1 alveolar RMS and thus could
potentially lead to novel therapeutic strategies targeted to these pa-
tients. It should be noted that the numbers of patients in this genetic
analysis are too small to provide any definitive conclusions. However,
an analysis of adult patients with sarcoma supports our findings,
having shown the expression of B-cell genes and proteins in tu-
mor cells.24

The clinical implications of our findings, concerning the prog-
nostic impact of N1 disease in alveolar RMS, are currently under
discussion within the COG. We believe that N1 status is important for
all patients with RMS, including embryonal RMS. We postulate that
given current therapy, which is increased in N1 disease with radiother-
apy to the positive nodal basin, it is possible that the negative effect of
N1 disease in embryonal RMS is abrogated. Therefore, if we stopped
treating N1 embryonal RMS with additional radiotherapy, it is possi-
ble that these patients’ outcomes would worsen. It is our conclusion
that we are not overtreating patients with N1 embryonal RMS but,
more likely, that we are undertreating patients with N1 alveolar RMS

and that, for these patients, intensification of therapy may improve
their outcomes.
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Fig 2. Representative photomicrograph
of rhabdomyosarcoma tissue after dual
immunofluorescence staining for myoge-
nin (MGN, red) and immunoglobulin (Ig,
green). (A, C) Low magnification (�100)
shows densely cellular tumor (4,6-
diamidino-2-phenylindole) in which regions
containing MGN- and Ig-expressing cells gen-
erally overlap (*). (B, D) Higher magnification
(�630) shows that some MGN-expressing
nuclei are in cells expressing Ig on the cell
surface (arrow), whereas others are not (ar-
rowhead). Staining here is representative of
four separate samples.
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