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Background: Rhabdomyosarcoma (RMS) is the most common soft tissue sarcoma in chil-
dren. Alveolar RMS (ARMS) is characterized by FOXO1-related chromosomal transloca-
tions that result in a poorer clinical outcome compared with embryonal RMS (ERMS). Be-
cause the chromosomal features of RMS have not been comprehensively defined, we an-
alyzed the clinical and laboratory data of childhood RMS patients and determined the clini-
cal significance of chromosomal abnormalities in the bone marrow. 

Methods: Fifty-one Korean patients with RMS <18 years of age treated between 2001 
and 2015 were enrolled in this study. Clinical factors, bone marrow and cytogenetic re-
sults, and overall survival (OS) were analyzed. 

Results: In total, 36 patients (70.6%) had ERMS and 15 (29.4%) had ARMS; 80% of the 
ARMS patients had stage IV disease. The incidences of bone and bone marrow metasta-
ses were 21.6% and 19.6%, respectively, and these results were higher than previously 
reported results. Of the 40 patients who underwent bone marrow cytogenetic investiga-
tion, five patients had chromosomal abnormalities associated with the 13q14 rearrange-
ment. Patients with a chromosomal abnormality (15 vs 61 months, P =0.037) and bone 
marrow involvement (17 vs 61 months, P =0.033) had a significantly shorter median OS 
than those without such characteristics. Two novel rearrangements associated with the 
13q14 locus were detected. One patient with concomitant MYCN amplification and PAX3/
FOXO1 fusion showed an aggressive clinical course. 

Conclusions: A comprehensive approach involving conventional cytogenetics and FOXO1 
FISH of the bone marrow is needed to assess high-risk ARMS patients and identify novel 
cytogenetic findings.
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INTRODUCTION

Rhabdomyosarcoma (RMS) is the most common soft tissue sar-

coma in children, accounting for 6–8% of all childhood malig-

nancies. RMS is classified into two major histopathological sub-

types, alveolar RMS (ARMS) and embryonal RMS (ERMS). ERMS 

accounts for 70% of RMS cases and is associated with a rela-

tively favorable prognosis. ARMS comprises 20% of RMS cases 
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and has a more aggressive behavior, with early dissemination, 

poor response to treatment, and frequent relapses following treat-

ment [1-4]. Clinical symptoms of RMS are associated with the 

primarily affected organs. For example, frequent urination can 

be an initial presentation of RMS that arises within the urinary 

bladder. Obstructive jaundice is one manifestation of bile duct 

RMS [4].

ERMS usually occurs in children younger than 15 years. It is 

characterized by complex genetic changes involving various 

chromosomal gains and losses. However, these abnormalities 

are not specific to the disease [5, 6]. ARMS exhibits typical cy-

togenetic characteristics, including t(2;13)(q35;q14) or t(1;13)

(p36;q14), which result in PAX3-FOXO1 or PAX7-FOXO1 fusion 

genes. The t(2;13)(q35;q14) and t(1;13)(p36;q14) have been 

detected in 55% and 22% of ARMS cases, respectively [7]. De-

tection of the fusion gene by RT-PCR or of the FOXO1 transloca-

tion by FISH is commonly used for molecular diagnosis [8]. Ap-

proximately 20% of RMS patients present with metastases at 

the time of diagnosis; lung, bone, and bone marrow are frequently 

involved. A previous study suggested that patients with fusion 

transcripts or myoD1 transcripts in the bone marrow or periph-

eral blood are at high risk of tumor progression [9]. However, 

the clinical impact of chromosomal abnormalities in the bone 

marrow has yet to be comprehensively examined.

In the present study, we analyzed the clinical and laboratory 

data of childhood RMS patients at a single institution and deter-

mined the cytogenetic profiles and clinical outcomes according 

to bone marrow involvement and chromosomal abnormalities.

MATERIALS AND METHODS

1. Patients
A total of 51 Korean patients with childhood RMS were enrolled 

in this retrospective study. All patients were younger than 18 

years at diagnosis and were treated at Asan Medical Center, 

Seoul, Korea, between 2001 and 2015. The median age of all 

patients was six years (range, 0–18 years), and the number of 

males and females were 32 and 17, respectively. The medical 

records were reviewed to identify clinical features, laboratory 

data, staging, treatment, and outcome. Staging was determined 

using the Intergroup Rhabdomyosarcoma Study (IRS) TNM 

classification for pretreatment clinical assessment of disease [4]. 

RMS bone marrow involvement was defined primarily based on 

the morphological characteristics of neoplastic cells. Neoplastic 

cells showed a medium to large size, oval nucleus, and a limited 

or moderate amount of blue cytoplasm. In cases with morpho-

logical ambiguity, additional immunohistochemistry stains, in-

volving the desmin, myogenin, CD56, and CD99 antibodies, were 

performed. The study was approved by the Institutional Review 

Board of Asan Medical Center (2017-1230).

2. Chromosomal analysis and FISH
Chromosomal analysis was performed on bone marrow speci-

mens, which were collected at diagnosis from 40 patients using 

short-term cultures and the Geimsa-Trypsin-Leishman (GTL) 

banding technique. The karyotype was described according to 

Table 1. Clinical characteristics of the study patients according to 
subtype

Total
(N=51)

ARMS
(N=15)

ERMS
(N=36)

P 

Median age (range) 6 (0–18) 13 (3–18) 4 (0–14) 0.01

   <10 year 32   4 28

   >10 year 19 11   8

Sex 0.20

   Male 32   7 25

   Female 19   8 11

Primary site 0.39

   Lower extremities 13   5   8

   Head and neck 11   4   7

   Genitourinary 11   1 10

   Abdomen   8   1   7

   Nasal   6   2   4

   Other   2   2   0

Stage 0.06

   I   7   2   5

   II   5   1   4

   III 16   0 16

   IV 23 12 11

Metastasis site 0.28

   Bone marrow 10   8   2

   Bone 11   6   5

   Lung   4   1   3

   Other   8   5   3

Outcome

   Death 17   8   9

   Median OS (interquartile  
      range, month)

54 (17–99) 21 (10–30) 61.5 (30–102) 0.01

    5-year OS rate (%) 63.8 33.6 75.1

Abbreviations: ARMS, alveolar rhabdomyosarcoma; ERMS, embryonal rha
bdomyosarcoma; OS, overall survival.
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the International System for Human Cytogenetic Nomenclature 

(ISCN 2013). FISH was conducted with the bone marrow speci-

mens using a FOXO1 break-apart probe (Abbott Laboratories, 

Abbott Park, IL, USA) in three patients and a MYCN/CEP2 probe 

(Abbott Laboratories) in one patient with double minute chro-

mosomes. FISH procedures were performed according to the 

manufacturer’s instructions and only for four patients, because 

we could not obtain fresh specimens from patients who were di-

agnosed as having RMS before 2014.

3. Statistical analysis
Categorical variables were compared using the Fisher’s exact 

test, and continuous variables were compared using the Mann-

Whitney U-test. Overall survival (OS) was calculated from the 

time of diagnosis to death due to the disease or the last follow-

up. The Kaplan-Meier method was applied to generate survival 

curves for OS, and the log-rank test was used to compare sur-

vival across groups. Results of multivariate analyses of the dif-

ferent prognostic factors (e.g. disease type, stage, bone marrow 

involvement, or chromosomal abnormality) were evaluated us-

ing the Cox proportional hazards regression model. Hazard ra-

tios (HRs) and their 95% confidence intervals (CIs) were ob-

tained. Statistical significance was defined as P <0.05. Statisti-

cal analyses were performed with SPSS software version 18.0.0 

(SPSS, Chicago, IL, USA).

RESULTS

1. Patient characteristics
Of the 51 study patients, 36 (70.6%) had ERMS and 15 (29.4%) 

had ARMS. The median age of ARMS was 13 years (range, 3–18 

years) and that of ERMS was four years (range, 0–14 years) (P = 

0.01). The sex ratio was 1.7:1 for all patients (male:female), 0.9:1 

for the ARMS patients, and 2.3:1 for the ERMS patients (P =0.2). 

The primary sites involved were diverse, and the lower extremi-

ties, including the thigh and buttock, were the sites most com-

monly involved. The head, neck, and genitourinary sites were 

the second most commonly involved sites. Genitourinary and 

abdominal sites were more frequently involved in ERMS. The 

proportion of patients with stage IV disease was significantly dif-

ferent between ARMS and ERMS (80% in ARMS vs 31% in 

ERMS, P =0.02). Eleven patients (21.6%) had bone metasta-

ses, 10 (19.6%) had bone marrow metastases, and four (7.8%) 

had lung metastases. The clinical findings of the ARMS and 

ERMS patients are summarized in Table 1.

2. Bone marrow involvement and cytogenetic findings
The characteristics of the 10 patients with bone marrow involve-

ment are outlined in Table 2. Metastasis to the bone marrow was 

more frequent in ARMS (53.3%, 8/15) than in ERMS (5.6%, 

2/36; P <0.01). Six of the eight ARMS patients with bone mar-

Table 2. Characteristics of patients with rhabdomyosarcoma with bone marrow involvement

Case Type Sex
Age 
(yr)

Primary 
tumor site

Neoplastic cells 
in BM (%)

BM karyotype
BM FISH FOXO1 

(Pos %)
Out- 
come

Survival 
(month)

  1 ARMS F   4 Calf 94.2 47,XX,+2,t(2;13)(q35;q14),add(14)(q24)[8]/47,idem,del(9)
(q22q32)[7]/46,XX[15]

ND Death 13

  2 ARMS M 18 Abdomen 80 95-100,XXYY,+X,+1,+1,+2, t(2;13)(q35;q14),-4,-4,+5,+5, 
+6,+10,+12,+12,+16,+16,+18, +r1,+r2[cp19] /46,XY[1]

ND Death 19

  3 ARMS M 13 Psoas 
muscle

88.4 86~95,XXYY,+1,t(2;13)(q35;q14)x2,-3,-7, del(7)
(q22),+11,+12,-18, add(22)(q13)x2, 20~30dmin[cp7]/ 

46,XY[13]

Pos (32.2%) Alive   6

  4 ARMS M   6 Leg 94.8 85<4n>,YY,ins(13;X)(q14;q22q28)x2,+add(1)(p13),-2,-3, 
-5,-5,-6,-9, -10,+12,-18,-22[2]/46,XY[1]

ND Alive 145

  5 ARMS F 14 Nasal 86.1 46,XX,t(13;16)(q14;p13.3),inc[2] /46,XX[18]    Pos (7.8%) Death 15

  6 ARMS F 12 Nasal 93.2 46,XX[20] Pos (26.0%) Alive 6

  7 ARMS F 17 Paraspinal 26 46,XX[30] ND Alive 10

  8 ARMS F 15 Breast 20 ND ND Death 21

  9 ERMS M   2 Sacrum Focal 46,XY[20] ND Death 44

10 ERMS M   3 Abdomen Focal ND ND Alive 165

Abbreviations: ARMS, alveolar rhabdomyosarcoma; BM, bone marrow; ERMS, embryonal rhabdomyosarcoma; F, female; M, male; ND, not done; Pos, posi-
tive.
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Fig. 1. Immunohistochemical staining and morphological features of a bone marrow aspirate specimen from a patient with alveolar rhab-
domyosarcoma (ARMS). (A) Neoplastic cells exhibit medium-to-large nuclei, homogeneous chromatin, a variable amount of cytoplasm, 
and cytoplasmic vacuoles (Wright’s stain). Sections were stained with (B) hematoxylin and eosin, (C) myogenin, and (D) desmin. Magnifi-
cation, ×400.

A

C

B

D

row involvement showed massive infiltration of >80% neoplas-

tic cells (Fig. 1A and 1B), whereas the two ERMS patients with 

bone marrow involvement showed a focal involvement pattern. 

Immunohistochemical staining was performed with the desmin, 

myogenin, CD56, and CD99 antibodies. Most cases were posi-

tive for myogenin and desmin (Fig. 1C and 1D).

Of the 51 patients, we could analyze cytogenetic profiles for 

40 patients; among them, 32 patients showed no evidence of 

bone marrow involvement, and eight patients showed bone mar-

row involvement of RMS. The patients without bone marrow in-

volvement all showed a normal karyotype. Five patients with bone 

marrow involvement exhibited chromosomal abnormalities. All 

five patients had ARMS and showed massive infiltration of the 

bone marrow. Three of these cases were associated with t(2;13)

(q35;q14), whereas the other two had ins(13;X)(q14;q22q28) 

and t(13;16)(q14;p13.3), respectively. Three patients had a near-

tetraploid modal number with complex chromosomal abnormal-

ities. FOXO1 FISH was performed in three ARMS patients (pa-

tients 3, 5, and 6), and all patients were positive for FOXO1 re-

arrangement. One patient (patient 3) with a t(2;13) and numer-

ous double minute chromosomes had a FOXO1 rearrangement 

and MYCN amplification (Fig. 2). Unfortunately, FOXO1 FISH 

was performed for only three cases with bone marrow involve-

ment, which constitutes a limitation of this study.

3. Clinical outcomes
The 5-year OS rate was 63.8% in all RMS patients, 33.6% in 

ARMS patients, and 75.1% in ERMS patients. The median OS 
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was 54 months (range, 1–175 months) and 17 patients died. 

ARMS patients had a markedly shorter median OS than ERMS 

patients (21 vs 62 months, P =0.013; Fig. 3A). Patients with 

stage IV disease had a significantly poorer OS than those with 

other stages (Fig. 3B). A significantly shorter OS was also ob-

served in patients with bone marrow involvement (17 vs 61 mon

ths, P =0.033) and with a chromosomal abnormality (15 vs 61 

months, P =0.037; Fig. 3C and 3D). A non-significant, shorter 

OS was observed among ARMS patients with bone marrow in-

volvement (14 vs 54 months; P =0.20) and those with chromo-

somal abnormalities (15 vs 42 months, P =0.30). Multivariate 

analysis indicated that stage IV disease was significantly associ-

ated with a poorer OS (HR, 34.21; 95% CI, 4.36–268.58; P = 

0.001) (Table 3).

DISCUSSION

RMS is a relatively rare cancer; however, it is the most common 

soft tissue sarcoma in children and young adults, accounting for 

over 50% of soft tissue sarcomas in these age groups [10, 11]. 

The proportions of ARMS and ERMS in this study were 29.4% 

and 70.6%, respectively, which are similar to the results from 

the Children’s Oncology Group and a large Japanese cohort [12, 

13]. However, the stage distribution in our study was different 

from that of previous studies, with a higher percentage of stage 

IV patients (45.1%) than the Children’s Oncology Group (16%) 

and the Japanese group (23.2%). Stage IV disease was observed 

in 80% of ARMS patients and 31% of ERMS patients.

The frequency of metastatic involvement of the lung, bone, 

and bone marrow in RMS patients was 6%, 5%, and 6%, re-

spectively, according to data from the Children’s Oncology Group. 

The frequencies of bone, bone marrow, and lung metastases in 

the current study were similar to those observed in other stud-

ies. In particular, 53% and 40% of the ARMS patients in the 

current study had bone marrow and bone metastases, respec-

tively. 

In a previous report, the estimated 5-year OS rate was 47.8% 

for patients with ARMS and 73.4% for patients with ERMS from 

1996 to 2000 [14]. Our data showed similar results for ERMS, 

but a lower 5-year OS rate for ARMS. ARMS patients with bone 

Fig. 2. A patient with concurrent FOXO1 rearrangement and MYCN amplification (Case 
3 in Table 2). (A) The G-banding karyotype, 86~95, XXYY,+1,t(2;13)(q35;q14)x2,-3,-4,-
7,del(7)(q22),-8,-9,-10,-10,+11,-18,add(22)(q13)x2,20~30dmin[cp7]/46,XY [13]. The 
arrows at chromosomes 2 and 13 indicate t(2;13)(q35;q14), the arrow at chromosome 
7 indicates del(7)(q22), and the arrows at chromosome 22 indicate add(22)(q13). (B) 
Interphase results of MYCN FISH indicating MYCN amplification (MYCN, green; CEP2, 
red. (C) Metaphase results of FOXO1 FISH. Two fusion signals were located at normal 
chromosome 13, and the green signals indicate der(13) (3´ FOXO1, green; 5´ FOXO1, red).
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Fig. 3. Survival analysis for all RMS patients according to specific variables. The overall survival was categorized by (A) subtype, (B) stage, 
(C) bone marrow involvement, and (D) chromosomal abnormality. 
Abbreviations: see Table 1.
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marrow involvement and chromosomal abnormalities appeared 

to show a trend towards poorer clinical outcomes than patients 

without these features.

The molecular characteristics of ARMS are thought to be me-

diated by PAX3-FOXO1 or PAX7-FOXO1 fusion genes. The tu-

morigenic mechanism of these fusions is not well understood; 

however, a recent study showed that PAX3-FOXO1 may contrib-

ute to tumor formation by inhibiting the tumor-suppressor activi-

ties characteristic of both FOXO family members and transform-

ing growth factor beta (TGF-β) pathways [15]. Other gene rear-

rangements have also been described in ARMS patients. These 

include t(2;X)(q35;q13), which results in a gene fusion of PAX3 

with AFX [16], and t(2;2)(q35;p23) and t(2;8)(q35;q13), which 

generate the PAX3-NCOA1 and PAX3-NCOA2 fusion proteins, 

Table 3. Univariate and multivariate analyses of factors associated with prognosis

Univariate HR (95% CI) P Multivariate HR (95% CI) P 

Male 1.03 (0.38–2.78) 0.960

Age≥10 year 2.10 (0.81–5.47) 0.128

ARMS 3.15 (1.20–8.21) 0.019 1.75 (0.61–5.00) 0.296

Stage IV 34.08 (4.49–258.55) 0.001 32.58 (3.93–270.40) 0.001

Bone marrow involvement 3.00 (1.04–8.62) 0.042 1.51 (0.50–4.61) 0.466

Bone involvement 4.30 (1.60–11.54) 0.004 1.15 (0.41–3.21) 0.793

Lung involvement 3.58 (0.81–15.80) 0.092

Chromosomal abnormality 3.66 (0.99–13.45) 0.051

Abbreviations: HR, hazard ratio; CI, confidence interval; ARMS, alveolar rhabdomyosarcoma.
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respectively [17]. In our study, most of the ARMS patients with 

bone marrow involvement had FOXO1-related chromosomal ab-

normalities. Importantly, we identified two novel rearrangements 

associated with the 13q14 locus, ins(13;X)(q14;q22q28) and 

t(13;16)(q14;p13.3). To the best of our knowledge, these rear-

rangements have not previously been described. The t(13;16) 

anomaly was revealed to result in FOXO1 rearrangement by 

FOXO1 FISH analysis. Unfortunately, we were unable to identify 

the partner genes of FOXO1.

Previous reports using spectral karyotype analysis identified 

chromosomes 1, 3, and 13 as the chromosomes of origin of the 

double minute chromosomes [6]. Here, we found an MYCN am-

plification in one patient with numerous double minute chromo-

somes. ARMS with MYCN amplification was associated with higher 

stage disease, larger tumor, metastatic disease, and inferior sur-

vival [2]. Our results are consistent with these findings, because 

our patient was classified with stage IV disease, and the pres-

ence of multiple metastases was determined by radiology.

This study had some limitations. First, our study had a smaller 

sample size than other studies. Therefore, additional large-scale 

domestic research is needed in the future. Second, we did not 

perform FOXO1 FISH on all specimens from patients with bone 

marrow involvement. In summary, we describe the clinical fea-

tures, cytogenetic characteristics, and novel chromosomal rear-

rangements of Korean RMS patients. Our results indicate that 

chromosomal investigation of the bone marrow could have prog-

nostic significance and provide a better understanding of the 

cytogenetics of RMS, such as novel fusion genes and MYCN 

amplification. In addition, even with a limited number of patients, 

bone marrow involvement and chromosomal abnormality were 

shown to be related to shorter OS. Therefore, we suggest a com-

prehensive approach involving conventional cytogenetics, FISH, 

histopathology, and immunohistochemistry for assessing high-

risk ARMS patients, and a multi-center study will be needed to 

clarify the clinical and cytogenetic profiles more accurately.
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