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ABSTRACT

PURPOSE Extremity rhabdomyosarcoma (RMS) is associated with a very poor outcome
compared with other sites, mainly because of its high incidence of alveolar
histology and regional lymph node involvement. To better define prognostic
markers in this clinical subset, we investigated our experience of 61 patients
with extremity RMS treated at our tertiary cancer center for the past 2 decades.

PATIENTS AND
METHODS

The patients had amedian age of 8 years at diagnosis, equal gender distribution,
and two-thirds occurred in the lower extremity. Most (85%) patients had FOXO1
fusion–positive alveolar RMS (ARMS), with 70% having a PAX3::FOXO1 tran-
script. Remaining were seven patients with fusion-negative embryonal RMS
(ERMS) and two with MYOD1-mutant spindle cell/sclerosing RMS (SRMS). In
40% of the patients, material was available for DNA-based targeted sequencing
using MSK-IMPACT cancer gene panel.

RESULTS One-third of patients presented with localized disease at diagnosis while the
remaining had regional nodal (18%) or distant metastases (51%). Metastatic
disease, high-risk group, and age 10 years or older significantly affected the
overall survival (OS; hazard ratio [HR], 2.68 [P 5 .004], 2.78 [P 5 .010] and 2.26
[P 5 .034], respectively). Although the presence of metastatic disease had a
dismal impact on 5-year EFS and OS (19% and 29%, respectively), nodal in-
volvement had a comparatively lower impact on 5-year EFS and 5-year OS (43%
and 66%, respectively). PAX3::FOXO1 ARMS had worse prognosis and afflicted
older children compared with PAX7::FOXO1 (HR 5 3.45, P 5 .016). The most
common events in the ARMS group included MED12 alterations, CDK4 ampli-
fications, and CDKN2A deletions (8%-17%). The latter two abnormalities were
mutually exclusive, enriched for acral and high-risk lesions, and correlatedwith
poor outcome on OS (P 5 .02).

CONCLUSION Our data provide rationale for considering the integration of molecular ab-
normalities to refine risk stratification in extremity RMS.

INTRODUCTION

Rhabdomyosarcoma (RMS) is the most frequent pediatric
soft-tissue sarcoma with a median age at diagnosis of
5 years. In the past decade, the fine-tuning of multimodal
chemotherapy regimens has greatly improved the relapse-
free survival for patients with localized diseases.1-3

Currently, 70% of the patients survive with no relapse,
however, often developing one or more clinically signifi-
cant treatment-related toxicities.4

RMS of the extremities account for 15% of cases, occur more
often in older children, and have an overall poor outcome.5,6

The known prognostic factors for RMS, such as older age and
alveolar subtype, also apply to extremity RMS.Moreover, nodal
involvement has a significant impact on overall survival (OS),
being detected in 33%-43% of patients with extremity RMS
and being associated with poor survival rates (9%-32%).7,8

Recent publications have highlighted the importance of
accurate staging for nodal involvement and adjusted radio-
therapy regimens.1,9 However, the role of molecular markers in
outcome prediction for this clinical subset has yet to be in-
vestigated. In this study, we investigate a large cohort of pa-
tients with extremity RMS treated at our tertiary cancer center
for thepast 20years aiming tobetter define clinical, pathologic,
and genomic factors that correlate with outcome.
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PATIENTS AND METHODS

Patient Selection

TheDepartment of Pediatricsfileswere searched for patients
with extremity rhabdomyosarcoma (RMS) treated at our
institution between January 2000 and December 2021. The
study was approved by the IRB committee, and signed pa-
tient informed consent was obtained. A total of 61 patients
were identified in which the pathologic diagnosis was
confirmed, and follow-up information was available
(Appendix Table A1, Data Supplement).

Diagnosis and Staging

Primary histology was confirmed either by pathologic
assessment of the core biopsy or open surgical excision.
Molecular analysis in alveolar RMS (ARMS) was performed
by either Archer FusionPlex10 or fluorescence in situ hy-
bridization using custom bacterial artificial chromosomes
probes flanking FOXO1, PAX3, and PAX7 genes, as previ-
ously described.11,12 MSK-IMPACT, a targeted DNA-based
sequencing panel (410-505 genes),13 was used in 40% of
the patients with available material to assess mutational
landscape and copy number alterations. Risk group as-
signment for the purpose of this study was based on
current guidelines, although clinical decision making in
real time wasmade on the basis of then-contemporaneous
risk-stratification criteria14,15 (Appendix Fig A1, Data
Supplement).

Therapeutic Modalities

The initial treatment included multidrug chemotherapy
regimens and radiotherapy (see Appendix).

Chemotherapy

All patients received chemotherapy according to their risk
group and either on or as-per MSKCC institutional pilot trial
IRB 03-099 or comparable Children’s Oncology Group (COG)
clinical trials includingD9602, D9802, D9803, ARST0331,
ARST0431, and ARST0531 (Appendix Fig A1). Chemotherapy
regimens contained at least one alkylating agent (generally
cyclophosphamide) and a minimum of two other drugs. Most
high-risk patients received maintenance chemotherapy with
either six cycles of single-agent irinotecan (on IRB03-099) or
up to 24 months of daily oral cyclophosphamide in combi-
nation with vinorelbine and bevacizumab or temsirolimus.
Postrelapse therapy was individualized on the basis of pre-
vious therapy and tolerance.

Radiotherapy

Radiation therapy was recommended for all patients with
ARMS, including patients who achieved up-front total gross
surgical resection. Patientswith embryonal RMS (ERMS) and
sclerosing RMS (SRMS) starting chemotherapy before gross
total resection or with R1 or R2 resection received radiation
as well (see Appendix).

Surgery

For every patient with ERMS, an individualized deter-
mination was carried to assess whether more aggressive
surgery either up-front or after chemotherapy could
result in a meaningful reduction in the intensity or du-
ration of chemotherapy or in the dose of postoperative
radiation while still preserving function. For patients
with ARMS, up-front surgery was never recommended
(see Appendix).

CONTEXT

Key Objective
To better define clinical and genomic prognostic markers of extremity rhabdomyosarcoma (RMS) using the experience
gathered from a single tertiary center during the past two decades.

Knowledge Generated
The adverse outcome was related to the higher incidence of alveolar subtype and regional lymph node involvement in the
extremity RMS. Although the presence of metastatic disease had a dismal impact on 5-year overall survival, nodal in-
volvement had a comparatively lower survival impact. In addition, we found that CDK4 amplifications and CDKN2A deletions
correlate with survival while PAX3::FOXO1–positive alveolar RMS had a worse prognosis and afflicted older children
compared with PAX7::FOXO1.

Relevance
Our data provide rationale for integratingmolecular alterations to refine risk stratification, including CDK4 amplifications and
CDKN2A deletions.
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Follow-Up Assessment

After treatment completion, all patients were assessed
clinically and with relevant imaging to monitor for local,
regional, and/or metastatic recurrence.

Statistical Analysis

Data from all patients were retrospectively evaluated. Sta-
tistical calculations were performed using SAS statistical
package (release 9.4, SAS Institute Inc, Cary, NC), see
Appendix.

RESULTS

Patient Population and Staging

A total of 61 patients were identified, with a median age
of 8 years (range, 8 months-27 years, mean 10 years) and a
1:1 male-to-female ratio. Clinical and tumor characteristics
are summarized in Table 1. In brief, 42 (69%) tumors were
located in the lower extremity (foot, n 5 10; calf, n 5 15;
thigh, n 5 12; buttock, n 5 5) and 19 in the upper extremity
(hand, n 5 11; forearm, n 5 8). Tumor size was > 5 cm in 37
(60%) cases. Histologic type included 52 (85%) ARMS, seven
ERMS, and two SRMS. A FOXO1 gene rearrangement and its
partner were confirmed in all patients with ARMS, including
36 PAX3::FOXO1 and 16 PAX7::FOXO1 cases. The risk groups
were evenly distributed in our cohort, with half of the pa-
tients having high-risk disease (30 of 61) while the other half
had low or intermediate risk (31 of 61). Within the ARMS
subgroup, PAX3::FOXO1weremore likely to be high risk (24 of
36, 67%) compared with PAX7::FOXO1 counterpart (4 of
16, 25%).

Regarding stage at presentation, 20 patients had localized
disease (N0,M0), 11 patients had regional nodal involvement
(N1, M0), and 31 patients had metastatic disease (N0/1, M1).
As most patients in this specific cohort had ARMS disease,
risk stratification was predominantly dependent on the
presence or absence of distant metastatic spread. Metastatic
sites included bone marrow (17 of 31), bone (16 of 31) lung
(3 of 31), in-transit (1 of 31), breast (2 of 31), distant nodes
only (3 of 31), and other thoracoabdominal organs (7 of 31).
Bone metastasis was most frequently found in extremity,
iliac, vertebrae, skull base, and orbit. Nodal involvement
alone was found in 27% (8 of 30) of high-risk patients.
One patient with ERMS (<1 year) considered at his local
institution to have metastatic disease (suspicious lung
nodule) was subsequently determined to be eligible for
enrollment on the then-current COG intermediate risk trial,
ARST-1431. Local control was achieved by radical limb-
preservation surgery without radiation therapy, and no
whole-lung radiation was delivered. Disease relapses in the
intermediate-risk group occurred in 45% (13 of 29) of pa-
tients and were more likely to be regional (46%—6 of 13)
than metastatic (38%—5 of 13). Two patients experienced

local relapse. One of them did not receive primary local
control treatment because of parental refusal.

Lymphoscintigraphy-guided sentinel node mapping and
sampling was done for 72% of patients (44 of 61). Cases that
did not benefit from it (n5 17) were either largely metastatic
(n 5 10), had N1 status confirmed by imaging or clinical
examination (n 5 4), or because of practician preference
(n 5 3). Four patients experienced in-transit relapse after
negative lymph node sampling. One patient had eight
inguinal lymph nodes sampled, all negative for tumor;
however, imaging showed iliac and pelvic adenopathy.
Two patients with negative baseline 18F-labeled fluo-
rodeoxyglucose positron emission tomography/computed
tomography (18F-FDG-PET/CT) were found to have nodal
involvement on sentinel node sampling. Microscopically, in
one patient, the lymph node showed a 1.2mm focus of tumor
while in the other, scattered tumor cells were observed
highlighted only by desmin and myogenin immunostaining.

Treatment

All patients received chemotherapy. 36 patients were
treated as per MSK 03-099 protocol;16 15 as per ARST-0331,
-0431,-053117-19; 5 as per COG-D9803;20 and five were
treated by modified NCI PB 93-C-125.21

Radiotherapy was given to all patients at primary and
metastatic site, except for eight patients, including three
ERMS with satisfactory local control achieved by surgery
alone, one ARMS for which radiotherapy was deemed un-
necessary at the outside institution (tumor <5 cm, R0 sur-
gery), two ARMS because of parental refusal or physician
decision, and two SRMS, one for whom RT was deemed
unnecessary after up-front total resection and another who
progressed through therapy. Additional information is
provided in the Appendix.

Targeted DNA-Based Sequencing

Twenty-four (40%) patients from our cohort had their
tumor sequenced using MSK-IMPACT. A total of 50 genes
had alterations of interest and were plotted as having a
potential oncogenic role (Appendix Fig A2) and are avail-
able at cBioPortal.22 Among these, 16 genes were deemed
the most relevant on the basis of known pathogenic impact
or their recurrent incidence (Fig 1). ARMS harbored gene
amplifications or deletions more frequently compared with
the higher incidence of single-nucleotide variations (SNVs)
detected in ERMS (Appendix Table A2). ARMS harbored an
average of 3.5 gene alterations per tumor (range, 1-9) while
ERMS harbored an average of 3.7 gene alterations per tumor
(range, 1-8). Themost commonmolecular abnormalities in
ARMS were MED12 alterations, CDK4 amplifications, and
CDKN2A deletions (8%-17%). The latter two abnormalities
occurred in 28% of ARMS, being mutually exclusive, cor-
relating with acral sites, and detected mostly in high-risk
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patients (5 of 6). CDK4 was the most prevalent amplified
gene within the 12q13-15 locus, which also involved MDM2
andGLI1 coamplifications in a smaller subset of cases. Three
patients with ARMS revealed MED12 gene alterations in-
cluding two missense mutations and one deletion. In fact,
MED12 mutations [c.4523A>T (p.H1508L), c.5420G>T
(p.G1807V)] were the only recurrent SNVs detected in the
ARMS cohort. FOXO1 amplification was detected in one case
each of PAX3 and PAX7 fusion–positive ARMS.

Interestingly, among the three patients with ERMS with
IMPACT results, the putative drivers were all different: one
case showedHRAShot spotQ61Lmutation (co-occurringwith
a MED12 nonsense mutation [c.4399C>T (p.R1467*)]); the
second case showed deletions in TP53, RB, and FGFR4; while
the third case showedonly anNF1 frameshift deletion.The two
SRMS cases showed the hot spot MYOD1 L122R exon 1 mu-
tation and in one case co-occurring with a PIK3CA insdel.

Statistical Analysis

Clinical Data

The median follow-up time for the entire cohort was 49
(range, 12-273) months. Univariate analyses of survival
variables revealed that metastatic disease at diagnosis was
the most impactful factor on EFS (hazard ratio [HR] 5 2.7,
P 5 .004) and OS (HR 5 3.6, P 5 .001; Table 1). This was
confirmed to be significant on OS by multivariate analysis
(HR 5 2.8, P 5 .01). Nodal involvement was found to be
impactful on EFS (HR 5 1.9, P 5 .06) and OS (HR 5 3.0,
P 5 .008) on univariate survival analysis. Risk group affected
EFS (HR 5 2.6, P 5 .005) and OS (HR 5 2.8, P 5 .001) on
univariate analysis and was confirmed by multivariate
analysis on OS (HR 5 2.7, P 5 .02; Fig 2A). Age older than
10 years was only significant for OS calculations (HR 5 2.26,
P5 .03; Fig 2B) onunivariate survival analysis (seeAppendix).
Both cases ofMYOD1-mutant SRMS were not included in any
further statistical analysis;moreover, the dismal prognosis of
this disease has already been well established.23

Moreover, EFS andOS by histologic subtype (ARMSor ERMS)
were not statistically significantly different on univariate
survival analysis likely because of the lownumber of ERMS in
our cohort (7 of 61).

The 5-year overall EFS for the entire cohort was of 36%,
and the 5-year OS was 59% (Table 2). In the ARMS subset,
the 5-year EFS was 30% while the 5-year OS was 56%.
Although limited by the very low number, both the 5-year
EFS and OS in ERMS was 82% (Table 2).

Five-year EFS was only 20% for high-risk patients, with
many developing off-treatment relapse (14 of 30) while the
remaining had progressive disease during primary treatment
(10 of 30). Among these 10 patients who progressed while on
therapy, two had an initial treatment response.

TABLE 1. Patient and Tumor Characteristics and Correlation With OS

Variable No. (%)
Univariate

Analysis HR (OS) P

Total 61 (100)

Sex

Male 30 (49)

Female 31 (51)

Age at diagnosis, years .034

<10 35 (57) 1

≥10 26 (43) 2.26

Primary tumor site .095

Upper extremity 19 (31) 1

Lower extremity 42 (69) 0.52

Primary tumor site

Foot 10 (16)

Calf 15 (25)

Thigh 12 (20)

Gluteus 5 (8)

Forearm 8 (13)

Hand 11 (18)

Tumor size, cm .127

<5 20 (33) 1

≥5 37 (61) 0.54

Unknown 4 (9)

Histology

Alveolar (fusion-positive) 52 (85) 1

Embryonal (fusion-negative) 7 (11) 0.35 .388

Spindle/sclerosing 2 (4) 0.59 .602

Lymph node involvement .008

N0 25 (41) 1

N1 35 (57) 3.02

NX 1 (2)

Metastatic status .001

M0 30 (49) 1

M1 31 (51) 3.62

Risk group .010

Low 3 (5)

Intermediate 28 (46) 1

High 30 (49) 2,78

Fusion type .016

PAX7::FOXO1 16 (31) 1

PAX3::FOXO1 36 (69) 3.45

Radiation to primary site

No 8 (13)

Yes 53 (87)

Relapse

Yes 27 (44)

No 34 (56)

Type of first relapse/progression

Local 2 (7)

Locoregional 8 (30)

Metastatic 17 (63)

NOTE. Bold font indicate statistically significant factors.
Abbreviations: HR, hazard ratio; OS, overall survival; M, metastasis; N,
node.
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The 5-year EFS and OS were calculated for patients with
localized disease (N0M0), nodal involvement (N1M0), and
metastatic (M1; Table 3). Localized disease (N0, M0) was
present in 20 patients, for whom5-year EFS andOSwere 58%
and 84%, respectively. Nodal involvement (N1, M0) was
present in 11 patients, with a 5-year EFS and OS of 43% and
66%, respectively. In total, 6 of 11 relapsed. Finally, 31 patients
had metastatic disease (N0/1, M1), 17 (55%) of them had on-
treatment progression and seven had off-treatment relapse
(23%). The 5-year EFS was 19%, and the 5-year OS was 29%.

Statistical analysis was also done on the ARMS cohort (n5 52),
showing a correlation of patients ≥10 years with shorter OS
(HR 5 2.28, P value 5 .040) by univariate but not by mul-
tivariate analysis. Similarly, risk group significantly affected
OS and EFS on univariate analysis (HR 5 2.69, P 5 .018; and

HR 5 2.30 P 5 .020, respectively); however, it was nonsig-
nificant on multivariate analysis.

Various correlations with PAX3::FOXO1 (n 5 36) and
PAX7::FOXO1 (n 5 16) fusion types were also analyzed within
the ARMS group. PAX7::FOXO1 fusion occurred in tumors from
younger patients (median, 3.5 years; range, 0.7-16.2 years)
compared with PAX3 fusion (median, 11 years; range, 0.8-27
years). Compared with PAX7, PAX3::FOXO1 fusion variant
constituted a statistically significant adverse factor for OS in
both univariate analysis (HR 5 3.45, P 5 .016) and by mul-
tivariate analysis adjusted for risk group and age (HR, 2.86;
95% CI, 1.013 to 8.044; P 5 .004; Figs 2C and 2D). There was
no significant difference of EFS between the two groups
on univariate analysis. The gap between 5-year OS for
PAX7-ARMS versus PAX3-ARMS (86% and 36% respectively)

Age

Sex

Type

Fusion

Site

Risk

8%

17%

12%

8%

8%

8%

8%

8%

4%

4%

4%

4%

4%

4%

4%

4%

CDKN2A

MED12

CDK4

FGFR4

FOXO1

GLI1

MDM2

MYOD1

BCOR

HRAS

MYCN

NF1

NRAS

RB1

TP53

TP53BP1

Alteration type

Missense mutation

Nonsense mutation

Frameshift insertion

Frameshift deletion 

Amplification

Deletion

Age group, years

≤10

>10 and ≤20

>20 and ≤40

Sex

Female

Male

Tumor type

Fusion-positive rhabdomyosarcoma (ARMS)

Fusion-negative rhabdomyosarcoma (ERMS)

Fusion-negative rhabdomyosarcoma (scRMS/spRMS)

Fusion

PAX3::FOXO1

PAX7::FOXO1

Primary site

Buttock

Foot

Forearm

Hand

Leg

Shoulder

Thigh

Risk group

Low

Intermediate

High

FIG 1. Oncoprint summary ofmolecular alterations for tumors with detectable oncogenicmutations. Data are shown for
11 ARMS, three ERMS, and two SRMS. The remaining eight patients’ tumors (seven ARMS and one ERMS) lacked key
molecular alterations (other than the fusion driver in ARMS) and are not illustrated here (see in addition Appendix Fig A2).
Mutation detection frequency (left column, %) is applied to the whole cohort tested by NGS (n5 24 patients). Each patient
represents a column, and each gene query is listed in a row. Age, sex, histotype, fusion type, tumor site, and initial risk group
have been color-coded. ARMS, alveolar rhabdomyosarcoma; ERMS, embryonal rhabdomyosarcoma; scRMS, sclerosing
RMS; spRMS, spindle cell RMS.
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was more striking compared with EFS (40% and 26%). This
highlights the impact of fusion type in postrelapse survival
rather than on the relapse risk itself. Among the 8 of 16 pa-
tients with PAX7-ARMS who relapsed, four survived (50%)
while only one patient was considered cured (6%) among the
18 of 36 patients with PAX3-ARMS who relapsed (Appendix
Table A3, Data Supplement).

We also compared hand and foot sites with the other loca-
tions as a previous study suggested that they might have an
adverse effect on OS5; however, there was no statistical
difference noted on univariate survival analysis (HR 5 1.93,
P 5 .097) between RMS arising in hand or foot sites versus
those from other locations.

Gene Sequencing Data Survival Analysis

A survival analysis was only performed on the 18 ARMS
subset as there were only four ERMS and two SRMS with
targeted sequencing data available. OS and EFS analysis were

performed for CDKN2A and CDK4 alteration status on the
basis of MSK-IMPACT for CDKN2A alone (n5 2), CDK4 alone
(n5 3), or CDK4 and CDKN2A combined (n5 5). The presence
of CDK4 amplification and CDKN2A deletions combined was
found to correlate significantly with worse OS (P 5 .029;
Fig 3A), but not for EFS (P 5 .21). All except one of the five
patients harboring one of these two molecular alterations
had high-risk disease. The median OS for the entire ARMS
group was 5 years and dropped to 3.9 years in the subset of
ARMSharboring CDK4 or CDKN2A abnormalities. Themedian
EFS also decreased from 1.7 years in the entire ARMSgroup to
1.0 year in the CDK4/CDKN2A altered subset. A subanalysis
targeted on the high-risk ARMS subset (n 5 13) showed
similar results on OS (P 5 .04; Fig 3B) and EFS (P 5 .08).

DISCUSSION

Despite in-depth disease staging initiatives, local control
improvement, and multimodality chemotherapy tuning,
extremity RMS maintains a poor outcome compared with
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FIG 2. Log-rank test for univariate analysis showing OS curves for all patients. (A) Various risk groups (P5 .007) and (B) age category (P5 .029).
Univariate log-rank test for (C) OS (P 5 .004) and (D) EFS (P 5 .251) in relationship to fusion type in ARMS cohort. ARMS, alveolar rhabdo-
myosarcoma; EFS, event-free survival; OS, overall survival.
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other RMS locations. This aggressive biology is likely driven
by two main factors: a high incidence of ARMS, which in our
series accounted for 85% of extremity tumors (70% being
PAX3-positive), and a high incidence ofmetastatic disease at
presentation, which represented the majority of our cohort,
with either isolated regional nodal (16%) or distant meta-
static (51%) disease. For the group as a whole, the successful
local control management of the primary tumor with first-
line radiotherapy approach was seen in more than 90% of
patients, and for those with localized tumors, local control
was achieved in 95% of patients. The by-far greatest risk of
treatment failure in this group of patients, then, is the in-
ability ofmultimodal therapy to control occult or established
regional nodal and/or distant metastatic disease.

Regarding local control, results from the IRS-IV trial de-
scribe 7% local failure rates, 20% regional, and 28% distant
control failure in localized extremity RMS.24 The D9803 trial
showed 15% local failure rates for similar patient population,
further highlighting the unfavorable impact of extremity
location on RMS relapse.25 Moreover, this study reveals that
patients with ARMS and clinical group I/II tumors are as-
sociated with excellent local control rates but experience
increased distant failures. This underscores that more

aggressive up-front surgery is unlikely to improve the
outcome in this patients’ subset, whose leading risk of
treatment failure is regional nodes and/or distant metastatic
recurrence. In contrast, a recent French study focusing on
localized extremity RMS reported that most relapses were
locoregional and describing a local control failure rate of
27%.6 This study included patients treated in the MMT-95
protocol in which routine systematic irradiation was not
provided in patients showing good disease response to
chemotherapy and surgery. This could explain the dis-
crepancy between European and North American local
control rates. The results of our localized subset show very
similar findings to those of the Donaldson and Wolden
publications, having a 5-year EFS of 58%, a 5-year OS of
84%, and a majority of metastatic relapses (63%). Our local
control failure rate was low, with 7% (4 of 61) for our whole
cohort and 5% (1 of 21) for the localized disease subset (see
Appendix).

The presence of nodal involvement, surprisingly, had a lower
impact on the 5-year EFS and 5-year OS (43% and 66%,
respectively) comparatively to the dismal impact of meta-
static disease (19% and 29%, respectively). Previous data
suggested that patients with N1 RMS should be managed
similarly as M1 patients, as they have shown comparable
survival rates.26 Although nodal involvement alone did not
qualify for high-risk classification and therapy in our data
set, the difference in survival may be related to the ag-
gressive treatment of nodal disease by systematic radio-
therapy and surgery. An accurate diagnosis of locoregional
spread seems, therefore, essential to increase survival. In-
deed, 56% of our cohort had lymph node involvement at
diagnosis, further highlighting the importance of an in-
depth attempt to identify disseminated disease in extrem-
ity RMS. We recommend that 18F-FDG-PET/CT and sentinel
node mapping be used as standard of care for risk stratifi-
cation. Systematic biopsy of regional lymphatic drainage
basins and/or suspicious (enlarged or hypermetabolic) nodes
has also been proven of high added value. Our series confirm
the joint efficiency achieved by concomitant techniques as
some patients showed nodal involvement on imaging only
while others could solely be seen by sentinel nodal sampling.
The combined use of these three techniques could greatly
increase the average sensitivity (61%) of PET/CT when used
for positive lymph node detection,8 especially in extremity
RMS. Nodal involvement has been reported in 5%-10% of all
pediatric and adolescent RMS.27

The high incidence of ARMS subtype (>80%) in the extremity
RMS may explain the disproportionally high rate of dis-
seminated disease at diagnosis in our study (41 of 61, 67%)
and thus the unfavorable outcome detected with extremity
location. The experience provided by prophylactic nodal ir-
radiation (PNI) seemed encouraging as all patients (n 5 4)
who benefited from it did not relapse compared with a 50%
5-year EFS of comparable cases. Although basedon very small
numbers, these data are encouraging and, to our knowledge,
represent thefirst report of PNI-positive impact on survival in

TABLE 2. EFS andOS for the Entire Cohort Related to Histology-Defined
Subsets

% survival

EFS OS

All
Patients ARMS ERMS

All
Patients FP FN

1 year, % 90 88 100 98 98 100

3 year, % 44 39 82 70 69 82

5 year, % 36 30 82 59 56 82

10 year, % 36 30 82 48 44 82

Mean survival,
years

9.1 12

Median survival,
years

2.3 5.9 Not
reached

Not
reached

2.0 Not
reached

Abbreviations: ARMS, alveolar rhabdomyosarcoma; EFS, event-free
survival; ERMS, embryonal rhabdomyosarcoma; FN, fusion negative;
FP, fusion positive; OS, overall survival.

TABLE 3. EFS and OS for the Entire Cohort Breakdown on the Basis of
Localized Disease (N0M0), Nodal Involvement Only (N1M0), and
Metastatic Disease (M1)

% survival

EFS OS

N0M0 N1M0 M1 N0M0 N1M0 M1

1 year, % 100 100 80 100 100 97

3 year, % 64 56 27 95 78 45

5 year, % 58 43 19 84 66 29

10 year, % 58 43 19 73 39 24

Abbreviations: EFS, event-free survival; OS, overall survival.
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the extremity RMS subset. These results reinforce previous
case studies showing similar benefit on outcome, using PNI to
cervical lymph nodes in parameningeal region RMS28 and
inguinal PNI for perianal or perineal RMS.29

Our focused statistical analysis on the ARMS cohort was able
to confirm that PAX3::FOXO1 fusion was associated with poor
outcome, both on OS and EFS by univariate and multivariate
analyses, as previously demonstrated.30 This finding is even
more striking as other well-known adverse factors, such as
age older than 10 years and tumor size, were not found to be
statistically significant in our ARMS cohort, likely because of
the low number of cases.

To our knowledge, this study also reports on the largest
cohort of PAX7::FOXO1 extremity ARMS to date (n 5 16),
highlighting their predilection for younger age at diagnosis
and being associated with a better OS. The correlation of this
molecular subset with younger age has been previously
documented.31 In fact, patients with PAX7-ARMS showed a
striking difference in postrelapse survival as 50% of them
are considered cured today while only 6% of patients with
PAX3::FOXO1 ARMS are alive long-term after relapse. When
comparing the clinical outcome of the two fusion type co-
horts, the main difference relied on OS rather than EFS, with
PAX7 patients with a 5-year OS of 86% versus PAX3 patients
with a 5-year OS of 36%, in keeping with a favorable out-
come of PAX7 patients postrelapse (See Appendix).

In the ARMS cohort, the presence of CDK4 gene amplifica-
tions and CDKN2A deletions was associated with poor out-
come and higher risk group at diagnosis. CDKN2A loss of
function has been shown to considerably increase tumor

susceptibility in a knock-in Pax3-Foxo1 mouse model.32

Moreover, in a stepwise in vitro study, p16INK4A/p14ARF
loss of function was a necessary partner to PAX3::FOXO1 gain
of function leading to a synergetic action of early cell pro-
liferation whileMYCN amplification and hTERT stabilization
were late events leading to tumors in vivo.33 More recently
and similar to our findings, the enrichment of CDK4 and
CDKN2A copy number aberrations has been described in
patients with ARMS, with data suggesting a mutually ex-
clusive pattern34,35 and an adverse impact of CDKN2A loss on
survival.36 Moreover, our results showed that the presence of
either CDK4 amplification or CDKN2A deletion correlated
with high-risk patients and had an adverse impact on OS. Of
interest only one ERMS in our cohort tested by targeted NGS
showed the presence of TP53 deletion, which co-occurred
with RB and FGRF4 deletions. None of the extremity ARMS
tested showed the presence of TP53 mutations. Overall, the
number of secondary genetic events outside the FOXO1
fusion-driver was relatively low (range of 1-9 gene alter-
ations, average 3.5-3.7), thus highlighting relatively few
potential therapeutic targets for a more personalized
treatment (see Appendix).

In summary,we report our clinical and genomic experienceon
one of the largest cohort of extremity RMS treated at a single
tertiary cancer center. Our study was driven by unanswered
questions regarding the disproportionally poor outcome of
this clinical subset compared with other RMS locations and
hypothesized that genomic landscape analyses may provide
additional insights into their distinct pathogenesis. In keeping
with previous data, we confirm that metastatic spread at
diagnosis, risk group, and FOXO1 fusion subtype remain the
most critical and significant actors of poor survival rates.
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FIG 3. (A) Univariate log-rank analysis of 18 patients with ARMS with targeted DNA-based sequencing showing that CDKN2A deletions or
CDK4 amplifications had an impact on OS (P 5 .029). (B) Univariate log-rank analysis of 13 patients with high-risk ARMS with targeted
sequencing showing that CDKN2A deletions or CDK4 amplifications had an impact on OS (P 5 .04). ARMS, alveolar rhabdomyosarcoma; OS,
overall survival.
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Moreover, the targeted DNA-based sequencing revealed that
copy number alterations in CDKN2A and CDK4 genes occur in
28% of extremity ARMS, being associated with poor OS and
correlating with acral location and high risk. Although this
finding only partially explains the dismal outcome of patients
with extremity RMS, it appears to be the first step in dis-
secting the additive effect of molecular alterations in estab-
lishing risk stratification and prognosis in this disease.
Althoughhalf of our cohort presentedwithmetastatic disease,

the 5-year OS for patients with N1 was 66% compared with
29% forM1 patients, suggesting that an accurate diagnosis of
locoregional spread and the systematic treatment by radio-
therapy and primary resection coupled to lymphadenectomy
may have improved prognosis. On the other hand, the
alarmingly high rate of metastatic disease in extremity RMS
and the consequence this has on prognosis impel us to un-
dertake concrete efforts toward understanding the dynamics
of disease dissemination in RMS.

AFFILIATIONS
1Department of Pathology, Memorial Sloan Kettering Cancer Center,
New York, NY
2Pediatric Hematology/Oncology, Massachusetts General Hospital for
Children, Boston, MA
3Department of Radiation Oncology, Memorial Sloan Kettering Cancer
Center, New York, NY
4Department of Pediatrics, Memorial Sloan Kettering Cancer Center,
New York, NY

CORRESPONDING AUTHOR

Leonard H. Wexler, MD, Department of Pediatrics, Memorial Sloan
Kettering Cancer Center, 1275 York Ave, New York, NY 10065;
Twitter: @mskcancercenter; e-mail: wexlerl@mskcc.org.

SUPPORT

Supported in part by P50 CA217694 (C.R.A.), P30 CA008748 (C.R.A.,
L.H.W.), Kristin Ann Carr Foundation (C.R.A.), Cycle for survival (L.H.W.,
C.R.A.). The Belgian Kids’ Fund for Pediatric Research (H.d.T.d.W.).

DATA SHARING STATEMENT

Genomic data sharing is made publicly available at: https://
cbioportal.mskcc.org/study/summary?id5rms_msk_2023

AUTHOR CONTRIBUTIONS

Conception and design: Henry de Traux de Wardin, Josephine K.
Dermawan, Suzanne L. Wolden, Cristina R. Antonescu, Leonard H.
Wexler
Financial support: Leonard H. Wexler
Provision of studymaterials or patients: Suzanne L. Wolden, Leonard H.
Wexler
Collection and assembly of data: Henry de Traux de Wardin, Josephine
K. Dermawan, Mariel H. Smith, Suzanne L. Wolden, Cristina R.
Antonescu, Leonard H. Wexler
Data analysis and interpretation: Henry de Traux de Wardin, Bin Xu,
Josephine K. Dermawan, Mariel H. Smith, Cristina R. Antonescu,
Leonard H. Wexler
Manuscript writing: All authors
Final approval of manuscript: All authors
Accountable for all aspects of the work: All authors

AUTHORS’ DISCLOSURES OF POTENTIAL CONFLICTS
OF INTEREST

The following represents disclosure information provided by authors of
this manuscript. All relationships are considered compensated unless
otherwise noted. Relationships are self-held unless noted. I 5
Immediate Family Member, Inst 5 My Institution. Relationships may
not relate to the subjectmatter of thismanuscript. Formore information
about ASCO’s conflict of interest policy, please refer to www.asco.org/
rwc or ascopubs.org/po/author-center.
Open Payments is a public database containing information reported by
companies about payments made to US-licensed physicians (Open
Payments).

Leonard H. Wexler
Consulting or Advisory Role: AstraZeneca

No other potential conflicts of interest were reported.

REFERENCES
1. Arndt CAS, Bisogno G, Koscielniak E: Fifty years of rhabdomyosarcoma studies on both sides of the pond and lessons learned. Cancer Treat Rev 68:94-101, 2018
2. PDQ Pediatric Treatment Editorial Board: Childhood Rhabdomyosarcoma Treatment (PDQ®). Bethesda, MD, National Cancer Institute (US), 2022
3. Slater O, Gains JE, Kelsey AM, et al: Localised rhabdomyosarcoma in infants (<12 months) and young children (12–36 months of age) treated on the EpSSG RMS 2005 study. Eur J Cancer 160:

206-214, 2022
4. Owosho AA, Brady P, Wolden SL, et al: Long-term effect of chemotherapy-intensity-modulated radiation therapy (chemo-IMRT) on dentofacial development in head and neck rhabdomyosarcoma

patients. Pediatr Hematol Oncol 33:383-392, 2016
5. Oberlin O, Rey A, Brown KLB, et al: Prognostic factors for outcome in localized extremity rhabdomyosarcoma. Pooled analysis from four international cooperative groups. Pediatr Blood Cancer 62:

2125-2131, 2015
6. Welmant J, Helfre S, Carton M, et al: Pattern of relapse in pediatric localized extremity rhabdomyosarcomas correlated with locoregional therapies administered. Strahlenther Onkol 197:690-699,

2021
7. Stevens MCG, Rey A, Bouvet N, et al: Treatment of nonmetastatic rhabdomyosarcoma in childhood and adolescence: Third study of the International Society of Paediatric Oncology—SIOP

Malignant Mesenchymal Tumor 89. J Clin Oncol 23:2618-2628, 2005
8. Terwisscha van Scheltinga SEJ, Wijnen MHWA, Martelli H, et al: Local staging and treatment in extremity rhabdomyosarcoma. A report from the EpSSG-RMS2005 study. Cancer Med 9:7580-7589,

2020
9. Gallego S, Zanetti I, Orbach D, et al: Fusion status in patients with lymph node-positive (N1) alveolar rhabdomyosarcoma is a powerful predictor of prognosis: Experience of the European Paediatric

Soft Tissue Sarcoma Study Group (EpSSG). Cancer 124:3201-3209, 2018

JCO Precision Oncology ascopubs.org/journal/po | 9

Extremity Rhabdomyosarcoma

Downloaded from ascopubs.org by Memorial Sloan-Kettering Cancer Center on June 16, 2023 from 140.163.254.133
Copyright © 2023 American Society of Clinical Oncology. All rights reserved. 

mailto:wexlerl@mskcc.org
https://cbioportal.mskcc.org/study/summary?id=rms_msk_2023
https://cbioportal.mskcc.org/study/summary?id=rms_msk_2023
https://cbioportal.mskcc.org/study/summary?id=rms_msk_2023
http://www.asco.org/rwc
http://www.asco.org/rwc
https://ascopubs.org/po/author-center
https://openpaymentsdata.cms.gov/
https://openpaymentsdata.cms.gov/
http://ascopubs.org/journal/po


10. Benayed R, Offin M, Mullaney K, et al: High yield of RNA sequencing for targetable kinase fusions in lung adenocarcinomas with no mitogenic driver alteration detected by DNA sequencing and low
tumor mutation burden. Clin Cancer Res 25:4712-4722, 2019

11. Antonescu CR, Huang S-C, Sung Y-S, et al: Novel GATA6-FOXO1 fusions in a subset of epithelioid hemangioma. Mod Pathol 34:934-941, 2021
12. Huang S-C, Ghossein RA, Bishop JA, et al: Novel PAX3-NCOA1 fusions in biphenotypic sinonasal sarcoma with focal rhabdomyoblastic differentiation. Am J Surg Pathol 40:51-59, 2016
13. Zehir A, Benayed R, Shah RH, et al: Mutational landscape of metastatic cancer revealed from prospective clinical sequencing of 10,000 patients. Nat Med 23:703-713, 2017
14. Hibbitts E, Chi Y-Y, Hawkins DS, et al: Refinement of risk stratification for childhood rhabdomyosarcoma using FOXO1 fusion status in addition to established clinical outcome predictors: A report

from the Children’s Oncology Group. Cancer Med 8:6437-6448, 2019
15. Malempati S, Hawkins DS: Rhabdomyosarcoma: Review of the Children’s Oncology Group (COG) soft-tissue Sarcoma committee experience and rationale for current COG studies. Pediatr Blood

Cancer 59:5-10, 2012
16. Bailey KA, Wexler LH: Pediatric rhabdomyosarcoma with bone marrow metastasis. Pediatr Blood Cancer 67:e28219, 2020
17. Casey DL, Chi Y-Y, Donaldson SS, et al: Increased local failure for patients with intermediate-risk rhabdomyosarcoma on ARST0531: A report from the Children’s Oncology Group. Cancer 125:

3242-3248, 2019
18. Walterhouse DO, Pappo AS, Meza JL, et al: Shorter-duration therapy using vincristine, dactinomycin, and lower-dose cyclophosphamide with or without radiotherapy for patients with newly

diagnosed low-risk rhabdomyosarcoma: A report from the Soft Tissue Sarcoma Committee of the Children’s Oncology Group. J Clin Oncol 32:3547-3552, 2014
19. Weigel BJ, Lyden E, Anderson JR, et al: Intensive multiagent therapy, including dose-compressed cycles of ifosfamide/etoposide and vincristine/doxorubicin/cyclophosphamide, irinotecan, and

radiation, in patients with high-risk rhabdomyosarcoma: A report from the Children’s Oncology Group. J Clin Oncol 34:117-122, 2016
20. Arndt CAS, Stoner JA, Hawkins DS, et al: Vincristine, actinomycin, and cyclophosphamide compared with vincristine, actinomycin, and cyclophosphamide alternating with vincristine, topotecan,

and cyclophosphamide for intermediate-risk rhabdomyosarcoma: Children’s Oncology Group study D9803. J Clin Oncol 27:5182-5188, 2009
21. Stein DT, Mackall CL, Bare CV, et al: Impaired immune reconstitution post sequential high-dose chemotherapy and peripheral blood progenitor cell (pbpc) infusion. †962. Pediatr Res 39:163, 1996
22. cBioPortal for Cancer Genomics: Extremity rhabdomyosarcomas. https://www.cbioportal.org/study/summary?id5rms_msk_2023
23. Agaram NP, LaQuaglia MP, Alaggio R, et al: MYOD1-mutant spindle cell and sclerosing rhabdomyosarcoma: An aggressive subtype irrespective of age. A reappraisal for molecular classification

and risk stratification. Mod Pathol 32:27-36, 2019
24. Donaldson SS, Meza J, Breneman JC, et al: Results from the IRS-IV randomized trial of hyperfractionated radiotherapy in children with rhabdomyosarcoma—A report from the IRSG1. Int J Radiat

Oncol Biol Phys 51:718-728, 2001
25. Wolden SL, Lyden ER, Arndt CA, et al: Local control for intermediate-risk rhabdomyosarcoma: Results from D9803 according to histology, group, site, and size: A report from the Children’s

Oncology group. Int J Radiat Oncol Biol Phys 93:1071-1076, 2015
26. Rodeberg DA, Garcia-Henriquez N, Lyden ER, et al: Prognostic significance and tumor biology of regional lymph node disease in patients with rhabdomyosarcoma: A report from the Children’s

Oncology Group. J Clin Oncol 29:1304-1311, 2011
27. Gallego S, Chi Y-Y, De Salvo GL, et al: Alveolar rhabdomyosarcoma with regional nodal involvement: Results of a combined analysis from two cooperative groups. Pediatr Blood Cancer 68:e28832,

2021
28. Yang JC, Wexler LH, Meyers PA, et al: Parameningeal rhabdomyosarcoma: Outcomes and opportunities. Int J Radiat Oncol Biol Phys 85:e61-e66, 2013
29. Casey DL, Wexler LH, LaQuaglia MP, et al: Patterns of failure for rhabdomyosarcoma of the perineal and perianal region. Int J Radiat Oncol Biol Phys 89:82-87, 2014
30. Sorensen PHB, Lynch JC, Qualman SJ, et al: PAX3-FKHR and PAX7-FKHR gene fusions are prognostic indicators in alveolar rhabdomyosarcoma: A report from the Children’s Oncology Group.

J Clin Oncol 20:2672-2679, 2002
31. Kelly KM, Womer RB, Sorensen PH, et al: Common and variant gene fusions predict distinct clinical phenotypes in rhabdomyosarcoma. J Clin Oncol 15:1831-1836, 1997
32. Keller C, Arenkiel BR, Coffin CM, et al: Alveolar rhabdomyosarcomas in conditional Pax3:fkhr mice: Cooperativity of Ink4a/ARF and Trp53 loss of function. Genes Dev 18:2614-2626, 2004
33. Naini S, Etheridge KT, Adam SJ, et al: Defining the cooperative genetic changes that temporally drive alveolar rhabdomyosarcoma. Cancer Res 68:9583-9588, 2008
34. Casey DL, Wexler LH, Pitter KL, et al: Genomic determinants of clinical outcomes in rhabdomyosarcoma. Clin Cancer Res 26:1135-1140, 2020
35. Seki M, Nishimura R, Yoshida K, et al: Integrated genetic and epigenetic analysis defines novel molecular subgroups in rhabdomyosarcoma. Nat Commun 6:7557, 2015
36. Shern JF, Selfe J, Izquierdo E, et al: Genomic classification and clinical outcome in rhabdomyosarcoma: A report from an international consortium. J Clin Oncol 39:2859-2871, 2021

10 | © 2023 by American Society of Clinical Oncology

de Traux de Wardin et al

Downloaded from ascopubs.org by Memorial Sloan-Kettering Cancer Center on June 16, 2023 from 140.163.254.133
Copyright © 2023 American Society of Clinical Oncology. All rights reserved. 

https://www.cbioportal.org/study/summary?id=rms_msk_2023
https://www.cbioportal.org/study/summary?id=rms_msk_2023


APPENDIX

Risk group

assignment

Criteria per COG trial

D-series (1997-2004) ARST-series (2004-current)

Low

D9602 (NCT00002995): (ERMS only)

Subset A

Favorable site, any size, stage I, group I and II,

N0;
Favorable site, any size, stage I, group III, N0,

(orbit only);

Unfavorable site, �5cm, stage II, group I, N0,
Nx

Subset B

Favorable site, any size, stage I, group II, N1;
Favorable site, any size, stage I, group III,

N1 (orbit only);
Favorable site (except orbit), any size, stage I,

group III, N0, N1;

Unfavorable site, �5 cm, stage II, group II, N0, 
Nx;

Unfavorable site, �5 cm with N1 or �5 cm any

size, stage III, group I/II, N0, Nx, N1

ARST0331 (NCT00075582):
(ERMS only)

Subset 1

Stage I, group I and II, N0;
Stage I, group III, N0, Nx, (orbit

only);

Stage II, group I, N0, Nx, and
Group II

Subset 2

Stage I, group III, N0, Nx, (non-

orbital);

Stage III, group I/II

Intermediate

D9803 (NCT00003958)

Stage I-III, group I-III, ARMS;

stage II/III, group III, ERMS;
stage IV, group IV, ERMS, �10 years

ARST0531 (NCT00354835)
Stage II/III, group III, ERMS;

stage I-III, group I-III, ARMS

High
D9802 (NCT00003955)

Stage IV, group IV, except ERMS �10 years

ARST0431 (NCT00354744)

Stage IV, group IV

FIG A1. Current and previous COG-STS risk stratification criteria. ARMS, alveolar rhabdomyosarcoma;
ERMS, embryonal rhabdomyosarcoma; COG, Children’s Oncology Group; N0, no regional nodal in-
volvement; N1, regional nodal involvement; Nx, nodal involvement unknown.
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Age

Sex

Type

Fusion

Site

Risk

8%
17%
12%
8%
8%
8%
8%
8%
4%
4%
4%
4%
4%
4%
4%
4%
4%
4%
4%
4%
4%
4%
4%
4%
4%
4%
4%
4%
4%
4%
4%
4%
4%
4%
4%
4%
4%
4%
4%
4%
4%
4%
4%
4%
4%
4%
4%
4%
4%
4%

CDKN2A
MED12
CDK4
GLI1
MDM2
FGFR4
FOXO1
MYOD1
ALK
AMER1
AR
ARID5B
BCOR
BTK
CCND2
CCND3
CDKN2B
CRLF2
CSDE1
DNMT3B
EPHB1
FLT4
GATA3
GRIN2A
HRAS
IGF2
IKBKE
KDM6A
KMT2B
MDM4
MYCN
NF1
NFKBIA
NOTCH1
NOTCH4
NRAS
NSD1
PAX5
PIK3CA
PTEN
PTPRD
PTPRS
RB1
TP53
TP53BP1
VEGFA
VTCN1
XPO1
ZFHX3
ZRSR2

Alteration type

Missense mutation

Nonsense mutation

Frameshift insertion

Frameshift deletion 

Amplification

Deletion

Age group, years

≤10

>10 and ≤20

>20 and ≤40

Sex

Female

Male

Tumor type

Alveolar Rhabdomyosarcoma

Embryonal Rhabdomyosarcoma

Spindle Cell/Sclerosing Rhabdomyosarcoma

Fusion

PAX3::FOXO1

PAX7::FOXO1

Primary site

Buttock

Foot

Forearm

Hand

Leg

Shoulder

Thigh

Risk group

Low

Intermediate

High

In-frame ins/del Splicing

FIG A2. Oncoprint summary ofmolecular alterations detected for the entire RMS extremity cohort (18 ARMS, 4 ERMS,
and 2 SRMS) with detectable oncogenic SNV or CNV mutations. Each patient represents a column, and each gene
query is listed in a row. Age, sex, histotype, fusion type, tumor site and initial risk group have been color-coded.
Mutation detection frequency (left column, %) is applied to the whole cohort (n 5 24 patients).
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TABLE A1. Detailed Clinicopathological Data for Each Patient (n 5 61) Included in the Collection

Patient
Code Impact

Vital
Status Sex

Age at
Diagnosis,

Years Diagnostic
Fusion
Type Site Laterality T Size, cm Stage Group

Risk
Group

N
status

M
Status Initial RT?

Initial
Surgery

First Relapse?
(off treatment)

First Relapse
Local, Regional,
or Metastatic?

Progression of
Disease While on

Treatment?

Time From
Diagnosis
to Death

2 No Alive Male 4.1 ARMS PAX3 Foot Left T2a <5 2 III Int 0 0 Yes No Yes Regional No NA

3 No Deceased Female 16.4 ARMS PAX3 Hand Right T2a >5 3 III Int 1 0 Yes No Yes Metastatic Yes 3.4

5 No Alive Female 15.9 ARMS PAX3 Hand Right T2b >5 3 III Int 1 0 Yes Delayed
primary
excision

No NA No NA

9 No Deceased Male 20.9 ARMS PAX3 Hand Left T2a <5 4 IV High 1 1 Yes No No NA Yes 1.1

12 No Deceased Male 17.5 ARMS PAX3 Forearm Left T2b >5 4 IV High 0 1 Yes No Yes Metastatic No 3.3

13 No Alive Female 15.3 ARMS PAX3 Foot Right T2b >5 3 II Int 0 0 Yes Up-front
surgery

No NA No NA

16 No Deceased Male 14.6 ARMS PAX3 Hand Left T2a <5 4 IV High 1 1 Yes No No NA Yes 1.4

17 No Deceased Female 23.0 ARMS PAX3 Foot Right T2a <5 4 IV High 1 1 Yes No Yes Metastatic Yes 2.5

18 No Deceased Female 15.2 ARMS PAX3 Foot Left T2b >5 4 IV High 1 1 Yes No Yes Metastatic Yes 2.5

19 No Deceased Male 27.5 ARMS PAX3 Forearm Right Unknown Unknown 4 IV High 1 1 Yes Up-front
surgery

No NA Yes 1.8

22 No Deceased Male 22.6 ARMS PAX3 Forearm Right T2b >5 4 IV High 1 1 Yes No No NA Yes 1.2

23 No Deceased Male 0.8 ARMS PAX3 Buttock Right T2a <5 3 Iic Int 1 0 Yes Up-front
surgery

Yes Metastatic Yes 1.9

24 No Deceased Male 9.0 ARMS PAX3 Hand Right T2a <5 4 IV High 1 1 Yes No Yes Metastatic Yes 2.4

25 No Deceased Female 1.9 ARMS PAX3 Thigh Right T2b >5 3 Iii Int 1 0 Yes Delayed
primary
excision

Yes Metastatic Yes 1.5

26 No Alive Female 8.8 ARMS PAX3 Forearm Left T2b >5 3 III Int 0 0 Yes Delayed
primary
excision

No NA No NA

28 No Deceased Female 10.4 ARMS PAX3 Foot Left T2a <5 4 IV High 0 1 Yes Salvage
surgery

Yes Metastatic Yes 2.4

29 No Alive Female 5.8 ARMS PAX3 Foot Right T2a <5 4 IV High 1 1 Yes No No NA No NA

32 No Deceased Female 17.8 ARMS PAX3 Calf Right T2b >5 4 IV High 0 1 Yes No Yes Metastatic Yes 2.0

33 No Alive Male 9.4 ARMS PAX3 Thigh Right T2b >5 3 Iia Int 0 0 Yes Up-front
surgery

No NA No NA

35 No Alive Male 6.2 ARMS PAX3 Calf Right T2b >5 3 III Int 1 0 Yes No No NA No NA

36 Yes Deceased Female 4.8 ARMS PAX3 Hand Left T2a <5 4 IV High 0 1 Yes No Yes Metastatic No 6.2

37 Yes Deceased Male 5.0 ARMS PAX3 Foot Left T2b >5 3 III Int 1 0 NO No Yes Local Yes 5.0

38 No Alive Female 10.2 ARMS PAX3 Calf Left T2b >5 3 III Int 0 0 Yes No No NA No NA

41 Yes Deceased Female 8.1 ARMS PAX3 Foot Right Unknown Unknown 4 IV High 1 1 Yes Salvage
surgery

Yes Local Yes 3.9

43 No Alive Male 17.5 ARMS PAX3 Forearm Right T2b >5 4 IV High 1 1 Yes No No NA No NA

44 Yes Deceased Female 10.1 ARMS PAX3 Foot Left T2a <5 4 IV High 1 1 Yes No No NA Yes 2.9

46 Yes Deceased Male 18.4 ARMS PAX3 Hand Left T2a <5 4 IV High 1 1 Yes No Yes Metastatic Yes 3.9

47 Yes Deceased Male 6.7 ARMS PAX3 Calf Left T2a <5 4 IV High 1 1 Yes No No NA Yes 0.8

50 Yes Deceased Female 14.4 ARMS PAX3 Hand Right T2b >5 4 IV High 1 1 Yes No No NA Yes 1.4

(continued on following page)
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TABLE A1. Detailed Clinicopathological Data for Each Patient (n 5 61) Included in the Collection (continued)

Patient
Code Impact

Vital
Status Sex

Age at
Diagnosis,

Years Diagnostic
Fusion
Type Site Laterality T Size, cm Stage Group

Risk
Group

N
status

M
Status Initial RT?

Initial
Surgery

First Relapse?
(off treatment)

First Relapse
Local, Regional,
or Metastatic?

Progression of
Disease While on

Treatment?

Time From
Diagnosis
to Death

51 Yes Deceased Female 5.1 ARMS PAX3 Calf Left T2b >5 4 IV High 1 1 Yes No Yes Metastatic No 2.1

52 Yes Pal Male 23.3 ARMS PAX3 Hand Right T2a <5 4 IV High 1 1 Yes No Yes Metastatic No 2.4

54 Yes Alive Male 13.6 ARMS PAX3 Hand Left T2a <5 4 IV High 1 1 Yes -
proton

No No NA No NA

56 Yes Alive Female 5.8 ARMS PAX3 Calf Left T2b >5 4 IV High 1 1 Yes No No Yes NA

57 Yes Deceased Male 20.2 ARMS PAX3 Hand Right T2a <5 4 IV High 1 1 Yes No Yes Metastatic No 1.0

59 Yes Alive Female 11.0 ARMS PAX3 Foot Right T2a <5 2 III Int 0 0 Yes Delayed
primary
excision

No NA No NA

60 Yes Deceased Male 17.6 ARMS PAX3 Thigh Left T2b >5 4 IV High 1 1 Yes No Yes Local, regional No 4.5

1 No Deceased Male 16.2 ARMS PAX7 Calf Left T2a <5 3 III Int 0 0 No Delayed
primary
excision

Yes Regional No 7.0

4 No Alive Male 5.7 ARMS PAX7 Buttock Right T2b >5 4 IV High 1 1 Yes Delayed
primary
excision

No NA No NA

6 No Alive Male 2.1 ARMS PAX7 Thigh Left T2b >5 4 IV Int 1 0 Yes Delayed
primary
excision

No NA No NA

7 No Alive Male 5.5 ARMS PAX7 Calf Left T2b >5 4 IV High 1 1 Yes Salvage
surgery

No NA No NA

8 No Deceased Female 1.4 ARMS PAX7 Buttock Right T2b >5 3 III Int 1 0 Yes Delayed
primary
excision

Yes Regional Yes 5.9

10 No Alive Male 3.0 ARMS PAX7 Buttock Left T2b >5 4 IV High 1 1 Yes Delayed
primary
excision

Yes Metastatic No NA

11 No Alive Female 2.6 ARMS PAX7 Calf Left Unknown Unknown 3 III Int 0 0 Yes Delayed
primary
excision

Yes Regional No NA

14 No Alive Female 3.3 ARMS PAX7 Calf Left T2b >5 3 III Int 0 0 Yes Delayed
primary
excision

No NA No NA

20 No Alive Male 5.8 ARMS PAX7 Thigh Left T2a <5 3 III Int 1 0 Yes No No NA No NA

21 No Alive Female 5.0 ARMS PAX7 Thigh Right T2b >5 3 i Int 0 0 Yes Up-front
surgery

Yes Regional No NA

27 No Alive Male 1.3 ARMS PAX7 Forearm Right T2b >5 3 III Int 0 0 Yes Delayed
primary
excision

No NA No NA

30 No Deceased Male 3.6 ARMS PAX7 Calf Right T1b >5 3 I Int 0 0 Yes Up-front
surgery

Yes Regional Yes 4.5

45 Yes Deceased Male 0.7 ARMS PAX7 Calf Right Unknown Unknown 2 IIa Int 0 0 No Up-front
surgery

Yes Regional Yes 5.6

48 Yes Deceased Female 7.0 ARMS PAX7 Calf Left T2b >5 3 III Int 0 0 Yes Delayed
primary
excision

Yes Matastatic No 3.8

(continued on following page)
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TABLE A1. Detailed Clinicopathological Data for Each Patient (n 5 61) Included in the Collection (continued)

Patient
Code Impact

Vital
Status Sex

Age at
Diagnosis,

Years Diagnostic
Fusion
Type Site Laterality T Size, cm Stage Group

Risk
Group

N
status

M
Status Initial RT?

Initial
Surgery

First Relapse?
(off treatment)

First Relapse
Local, Regional,
or Metastatic?

Progression of
Disease While on

Treatment?

Time From
Diagnosis
to Death

49 Yes Alive Female 0.8 ARMS PAX7 Thigh Right T2b >5 4 IV High 0 1 Yes Salvage
surgery

No Yes NA

61 Yes Alive Female 4.1 ARMS PAX7 Calf Left T2b >5 3 III Int 1 0 Yes No No No NA

15 No Alive Female 2.1 ERMS NA Calf Left T2b >5 3 III Int 0 0 Yes Delayed
primary
excision

No NA No NA

31 No Alive Female 3.1 ERMS NA Thigh Right T1b >5 3 I Low 0 0 No Up-front
surgery

No NA No NA

34 No Deceased Female 1.5 ERMS NA Buttock Left T2b >5 4 IV High 1 1 Yes Delayed
primary
excision

No NA Yes 1.2

42 Yes Alive Female 37.0 ERMS NA Thigh Left T1a <5 2 III Low 0 0 No Up-front
surgery

No NA No NA

53 Yes Alive Female 3.3 ERMS NA Forearm Left T2b >5 4 IV High 1 1 Yes No No NA No NA

55 Yes Alive Female 31.7 ERMS NA Thigh Left T1a <5 2 I Low 0 0 No Up-front
surgery

No NA No NA

58 Yes Alive Male 0.7 ERMS NA Thigh Right T2b >5 3 III Int 0 1 No Delayed
primary
excision

No NA No NA

39 Yes Deceased Male 35.5 ScRMS NA Forearm Right T2b >5 3 III Int x 0 Unknown Salvage
surgery

Yes Metastatic No 1.4

40 Yes Alive Male 8.2 ScRMS NA Thigh Right T2b >5 3 III Int 0 0 Yes Delayed
primary
excision

No NA No NA

NOTE. Each case has a unique case number. Ordered by tumor type.
Abbreviations: ARMS, alveolar rhabdomyosarcoma; ERMS, embryonal rhabdomyosarcoma; INT, intermediate; NA, not available; RT, radiotherapy.
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TABLE A2. Copy Number Variation log2 Ratios for Each Gene per Patient (patient code referenced in Appendix Table A1) and Tumor Type

Patient Code Tumor Type CDKN2A MED12 CDK4 FGFR4 FOXO1 GLI1 MDM2 MYCN RB1 TP53 NRAS

36 ARMS 0 0 0 0 0 0 0 0 0 0 0

37 ARMS 0 0 0 0 0 0 0 0 0 0 0

44 ARMS 0 0 0 0 0 0 0 0 0 0 1.608

46 ARMS 0 0 4.64217 0 0 0 0 0 0 0 0

47 ARMS 0 0 9.38853 0 0 9.38853 8.05453 0 0 0 0

50 ARMS –2.39778 0 0 0 0 0 0 0 0 0 0

51 ARMS 0 0 0 0 2.00708 0 0 0 0 0 0

52 ARMS 0 0 0 0 0 0 0 0 0 0 0

54 ARMS 0 –1.88688 0 0 0 0 0 0 0 0 0

56 ARMS –3.40204 0 0 0 0 0 0 0 0 0 0

59 ARMS 0 0 2.00416 0 0 2.00416 0 0 0 0 0

60 ARMS 0 0 0 2.62661 0 0 0 8.36404 0 0 0

61 ARMS 0 0 0 0 3.1145 0 0 0 0 0 0

55 ERMS 0 0 0 –2.09144 0 0 0 0 NA –4.0505 0

39 SRMS 0 0 0 0 0 0 4.43244 0 0 0 0

40 SRMS 0 0 0 0 0 0 0 0 0 0 0

Abbreviations: ARMS, alveolar rhabdomyosarcoma; ERMS, embryonal rhabdomyosarcoma; SRMS, sclerosing rhabdomyosarcoma.

TABLE A3. Detailed Description of Patients With ARMS Who Had
Disease Progression While on Primary Therapy or Disease Relapse
Once Off Treatment

PAX7::FOXO1 ARMS n 5 16, No. (%)

Progression 1 (6)

Relapse 8 (50)

Local 1 (12.5)

Regional 6 (75)

Metastatic 1 (12.5)

PAX3::FOXO1 ARMS n 5 36, No. (%)

Progression 8 (22)

Relapse 18 (50)

Local 2 (11)

Regional 2 (11)

Metastatic 14 (78)

NOTE. Patients are separated by the fusion type of their tumors.
Abbreviation: ARMS, alveolar rhabdomyosarcoma.

© 2023 by American Society of Clinical Oncology

de Traux de Wardin et al

Downloaded from ascopubs.org by Memorial Sloan-Kettering Cancer Center on June 16, 2023 from 140.163.254.133
Copyright © 2023 American Society of Clinical Oncology. All rights reserved. 


	Extremity Rhabdomyosarcoma—An Integrated Clinicopathologic and Genomic Study to Improve Risk Stratification
	INTRODUCTION
	PATIENTS AND METHODS
	Patient Selection
	Diagnosis and Staging
	Therapeutic Modalities
	Chemotherapy
	Radiotherapy
	Surgery
	Follow

	Statistical Analysis

	RESULTS
	Patient Population and Staging
	Treatment
	Targeted DNA-Based Sequencing
	Statistical Analysis
	Clinical Data
	Gene Sequencing Data Survival Analysis


	DISCUSSION
	REFERENCES
	APPENDIX


