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Objectives: Rhabdomyosarcoma (RMS) is the most common soft tissue sarcoma in children and young
adults. Typically, treatment involves a multimodal approach, with radiotherapy (RT) being a standard
choice alongside surgical resection for local control, particularly in cases harboring fusions involving
FOXO1. However, the long-term consequences of offering RT especially to the extremity in children can be
significant including growth delay, contracture, arthritis, and secondary malignancy. Herein, we report
the outcome of 10 consecutive patients with extremity RMS from two high-volume institutions who did
not receive RT to primary site.
Methods: Demographic, genetic, tumor characteristics, surgical details, post-resection overall survival
and event-free survival data were retrospectively collected from the CanSaRCC (Canadian Sarcoma
Research and Clinical Collaboration) database.
Results: Despite the absence of adjuvant RT to the primary tumor site, 90 % of this cohort patients
experienced no local failure and the single patient with local failure was subsequently salvaged with RT
and further chemotherapy.
Conclusion: By presenting this distinctive real-world data, our aim is to illustrate that in a select high-
volume pediatric sarcoma center, extremity RMS can potentially be effectively managed through surgery
and chemotherapy alone.
Type of Study: Clinical research paper.
Level of Evidence: Level IV.
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various aspects, including sites of origin, pathological, genetic, and
biological characteristics, as well as clinical outcomes [1,2].

1. Introduction

Rhabdomyosarcoma (RMS) is the most common soft tissue
sarcoma affecting children and young adults, originating from
embryonal mesenchymal cells. RMS exhibits heterogeneity across

Abbreviations: MMR, minimal margin size; NED, No evidence of disease; Dx,
Diagnosis; NAC, Neoadjuvant chemotherapy; AC, Adjuvant chemotherapy; DOD,
Date of death; DFSdx, Disease-free survival (from diagnosis); DFSs, Disease-free
survival (from surgery); DODx, Date of diagnosis; DOS, Date of surgery; LE, Lower
extremity; UE, Upper extremity; FP, Fusion-positive; FN, Fusion-negative.
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While patients with low-risk RMS typically demonstrate an
overall survival (OS) rate of over 90 %, those with high-risk disease
encounter long-term OS rates of less than 30 %, primarily due to
recurrent or refractory metastases [3,4]. Of those, one third of pa-
tients develop locoregional relapse. RMS of the extremities, rep-
resenting approximately 15 % of RMS cases [5], is considered a high-
risk site-of-origin [6,7] due to factors such as its prevalence among
older age group, alveolar histology and high prevalence of regional
lymph node (LN) involvement [8]. Notably, in clinical practice, body
wall (e.g., paraspinal) and pelvic tumors may sometimes treat as
'extremity' tumors. For instance, the American Joint Committee on
Cancer (AJCC) staging system groups sarcomas of the extremities
and trunk together for prognostic evaluation [9].
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Overall, accurate RMS management depends on precise staging
involving MRI of the primary tumor and surgical sampling of
draining LNs [10]. Recent advancements in understanding of RMS-
associated molecular biology have enhanced risk stratification and
treatment recommendations [4,11—14].

Traditionally, both North American and European approaches to
RMS treatment embrace a multifaceted approach, with radio-
therapy (RT) playing a pivotal role in local control, especially in
cases involving FOXO1 fusions [1,2,15—17]. Yet, the use of RT in
children and young adults carries the potential for significant
morbidity, including severe long-term side effects such as growth
disturbances and secondary malignancies [1,10,18—21]. These fac-
tors present a substantial challenge to the current multidisciplinary
approach. In response, certain groups, including the European
Paediatric Soft Tissue Sarcoma Study Group (EpSSG), have adopted
a more conservative approach to RT and have investigated the
feasibility of omitting or reducing its dosage for specific patient
subgroups [6,10,17]. This is particularly common among infant pa-
tients, where the use of radiotherapy is often left to the discretion of
the treating physician. Accumulating data from these works un-
derscore the crucial need for refining treatment strategies based on
individual patient and disease characteristics.

The current study represents a pioneering effort, investigating
outcomes among children and adolescents with extremity RMS
who did not receive RT to primary site from a high-volume pedi-
atric sarcoma center. A deeper comprehension of distinct patient
subpopulations within pediatric RMS will enhance disease man-
agement, facilitating more precise indications and accurate plan-
ning for post-resection RT.

2. Methods
2.1. Data source and case selection

This is a retrospective review of consecutive patients diagnosed
with extremity RMS between October 2007 and August 2021 in two
high-volume sarcoma centers: University Health Network (UHN),
and the Hospital for Sick Children who did not receive RT to the
primary site of disease. Extremity sites included limbs, pelvic and
paraspinal masses. This study was conducted after the research
ethics board approval, and under the CanSaRCC consortium
agreement.

2.2. Data collection

Patient demographics, disease characterization, and outcomes
were comprehensively collected and analyzed. Demographic data
included age and gender. Disease characterization-related data
included site of the tumor, types of treatment, and pathology.
Specifics within pathology-related data comprised RMS subtypes
(Alveolar, Embryonal, Pleomorphic, Spindle cell/sclerosing), FOXO1
fusion status (positive/negative) and partner, anaplasia, and mini-
mal margin size (MMR).

All patients received chemotherapy and surgery for their pri-
mary tumor. Some patients may have also received radiation
treatment (RT) to LN disease or metastases, but never to the pri-
mary tumor. Best response to neoadjuvant chemotherapy (NAC)
was calculated by comparing scan performed closest to and just
prior to surgery compared with baseline scan in those who received
chemotherapy prior to surgery. Response was classified according
to the RECIST criteria [22], including complete response (CR), partial
response (PR), progressive disease (PD) and stable disease (SD).

Disease Free Survival (DFS) and Overall Survival (OS) were
estimated using the Kaplan—Meier method. OS was calculated from
the date of diagnosis (DODX) to last follow-up (including death).

DFS was calculated from date of diagnosis to the date of disease
progression (local recurrence, distant metastases, or both) or death.
In addition, we calculated time from DODX to last follow-up (or
death), time from DODX to local recurrence, and the time from first
definitive surgery to local recurrence.
Kaplan—Meier curves and Swimmer plot were performed using
SAS version 9.4.

3. Results
3.1. Patient and disease characterization

We identified a total of 11 consecutive patients diagnosed with
extremity RMS, all of whom underwent surgical resection as their
primary local treatment without receiving RT at the primary site of
the disease. Of those, one patient declined consent; analysis is
based on 10 patients. Comprehensive data of demographics, dis-
ease characterization, treatments, response, and outcomes are
presented in Table 1.

Median age at diagnosis was 5.0 years (range 0.25—10.0). Seven
patients (70 %) were male. Two patients (20 %) had a diagnosis of Li-
Fraumeni syndrome (LFS) - no other predisposition syndromes
were identified (Table 1A).

The location of the primary tumor included lower extremities
(LE, n =7, 70 %), upper extremities (UE, n = 1, 10 %), pelvic mass (P,
n = 1,10 %) and trunk (T, n = 1, 10 %). At diagnosis, 5 (50 %) patients
had primary disease associated with pathologically confirmed LN
(LN — Table 1A) involvement, and 2 (20 %) of these also had syn-
chronous distant metastases. For 1 patient (patient #9), sentinel
node biopsy was infeasible as the primary was in the gluteus
maximus and drainage was felt to be deep retroperitoneum. In this
patient PET-CT was negative and there were no radiologically
enlarged LN.

Of 10 patients, 8 had alveolar histology of whom 6 had associ-
ated FOXO1 fusion (3 PAX3, 3 PAX7), 1 was FOXO1 negative and 1
was not tested. Of 2 patients with embryonal histology, one had a t
(2; 15) reciprocal translocation, an observation not previously re-
ported in association with RMS (patient #4) [23]; both were
negative for FOXO1 fusion. Notably, the 2 patients with embryonal
histology were confirmed to have a germline p53 mutation (LFS)
and presented with either focal (patient #3) or diffuse (patient #9)
anaplasia.

3.2. Treatment

Four patients (40 %) underwent upfront resection, categorized
as Group I, while 6 patients (60 %) received NAC followed by tumor
resection, categorized as Group IIL It's worth noting that all of these
patients had RO margins, except for one patient in the latter group
who had R1 surgical margins.

The types and number of cycles for NAC and adjuvant regimens
are specified in Table 1. Additionally, 2 (20 %) patients received RT:
patient #8 received RT to axillary LN (primary UE), and patient #10
received RT to lung metastases. Please note that the other three
patients with positive lymph nodes who did not receive radio-
therapy to the lymph node basins were excluded from type of local
treatment due to their young age at diagnosis.

3.3. Outcomes

Among the 6 patients who received NAC, the pre-resection best
response to treatment was PR for 4 patients and SD for 1 patient,
with data unavailable for 1 patient.

Of 10 patients, 9 (90 %) achieved RO resection (complete tumor
removal with negative margins), while 1 (10 %) had R1 resection
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Table 1

A) Total data per patient regards with (1) Demographics - Age at diagnosis (years) and predisposition syndromes (2) Disease characterization (at the time of diagnosis, Dx) - Site
of primary disease, Lymph nodes (LN) involvement and/or distant metastases (M), Max diameter of primary tumor (Per MRI, cm) at Dx and Pathology - presence of anaplasia
and molecular fusions (3) Treatment modalities — NC and AC (+/—, Type of chemotherapy regimen and # = number of cycles, timing and extent of surgery and RT (4) Outcomes -
Max diameter of primary tumor (Per MRI, cm) after Neoadjuvant chemotherapy (NAC, Pre-operation), Minimal margins size (MMR, mm), 1st event (type and Time from Dx,
months) and last documentation (LD, type, time in months, status). B) Descriptive Statistics Summary.

A. Demographics, disease characterization, treatment and outcomes.
1) Demographic, (2) disease characterization (3) Treatment (4) Outcomes
Patient |[ Age | Stage, PS | Site | LN | M Max Pathology NAC AC Surgery RT Per MRT Per T event Last
Group, diameter Pathology documentation
Risk of (LD)
group primary T # A # Best Max MMR Type Time Time | Status
(Tipe) (Tipe) response | diameter fiom | from
Subtype Fusion Anaplasia 1o NAC of Dx/s Dx
primary (DFSdx/s) (0s)
1 1.5 3,10, IR - LE + - 6.5 A PAX3/FOXO1 - VAC/VI 4 VAC/IE 12 RO - PR 6.5 0.9 Nodal 16/12 47 D
+
Distant
2 1.5 | 4, IV.HR - LE + + 9.5 A NT - VIT 16 - RO - PR ND ND NE - 155 NED
(E)
3 6 UNK., I, LFS LE - - ND A FN +, focal - vIT ND RO - - - ND Distant | 25.5/25 132 UNK
IR
4 02 | 3,1LIR - P + - 8.8 E Other - VAC/VI ‘ 8 - R1 - SD 6.3 0.7 Distant 7.5/1 7.5 D
5 3.5 | 2,1IILLR - LE - - 4.8 A PAX7/FOXO1 - VAC/VI [ 4 | VAC/VI 10 RO - PR 32 2 NE - 80 NED
6 4 3,LIR - T - - 6.6 A PAX7/FOXO1 - - VAC 14 RO - - - 15 Local 21721 65 NED
7 9 2,1, LR - LE - - 5 A PAX3/FOXO1 - - VAC/VI 10 RO - - - 2 Distant 14/13 17 D
8 10 3,10 IR - UE + - 4.4 A PAX3/FOXO1 - VAC/VI | 4 | VAC/VI | 10™ RO + ND ND 3 NE - 66 NED
(Axillary
LNs)
9 10 3,LIR LFS LE | NT - 6 E FN +, diffuse - VAC/VI | 14¥ RO - - - 10 NE - 18 NED
10 9 4,1V, HR - LE + + 6.3 A PAX7/FOXO1 - VAC 4 VAC 10 RO + PR 32 4 NE - 27 NED
(Pul) (Lungs)
B. Descriptive Statistics Summary.
Demographic and disease characterization Treatment Outcomes
Age (vears) Treatment NC, total 6
Median 5.0 (0.25-10.0) NAC 6 Best response
(Range) AC 8 4
us 4 SD 1
RO resection 9 PD 0
R1 resection 1 Max diameter (MRI)
RT 2 Median (range)
Dx 6.2 (4.4-8.8)
Post - NC 4.7(3.2-6.5)
MMR (Pathology)
Median (range) 2.5(0.7-10)
Ist event, Type
NE 6
Local 1
Distant 3
7S Ist event, Time from Dx
LFS 2 Median (Range) 16.0 (7.5-25.5)
None 8
Others 0
Site OS, Time from Dx
LE 7 Median (Range) 56.0 (7.5-155)
UE 1
Pelvis 1
Trunk 1
LN Status at LD
+ 5 NED 7
- 4 Deceased 3
M
+ 2
- 8
Subtype
A 8
E 2
Fusion
PAX3 3
PAX7 3
FN 2
Other 1
NT 1
Anaplasia
+ 2
- 8

LR — Low risk, IR — Intermediate risk, HR — High risk; UNK — Unknown, PS — Predisposition syndrome, LFS — Li Fraumeni syndrome; LE - Lower extremity, UE — Upper

extremity, P — Pelvis, T — Trunk; E — Extra pulmonary, Pul — Pulmonary; VAC — Vincristine + Doxorubicin + Cyclophosphamide, VAC/VI — VAC/Vincristine + Irinotecan, VIT

— Vincristine + Irinotecan + Temozolomide; RT — Radiotherapy; LNs — Lymph nodes; PR — Partial response, SD — stable disease, PD — progressive disease; NT — not tested,

ND - no data, US — upfront surgery; FN — fusion negative; NE — No event, NED — No evidence of disease; DFSdx/s — Disease free survival from diagnosis/from Surgery, OS

— overall survival

"SCC - laminectomy + epidural tumor resection (not the primary) - chemotherapy and resection of residual primary only 13mo later.

MSix months of Maintenance chemotherapy regimen.
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(microscopic disease). The median closest margin size among those
with RO resection was 2.5 mm (n = 8, range 0.7—15.0 mm); data is
unavailable for 2 patients.

Five (50 %) patients remained well with no recurrence, while 5
(50 %) patients experienced at least one event. One patient had a
local relapse (LR, patient #6); this patient had upfront surgery
followed by chemotherapy. LR was noted 21 months from diagnosis
(date of surgery). Following relapse treatment (which included RT),
this patient remains in second remission 65 months following
original diagnosis [Fig. 1]. One patient had a nodal recurrence
(patient#1); 4 patients (patients #1, #3, #4, and #7) experienced
distant metastatic disease at 15, 25, 7 and 14 months after diag-
nosis, respectively [Fig. 1].

At a median time to last follow-up of 56.0 months (range
7.5—155), 3 patients had died of disease [Table 1]. The median DFS
was 25.3 months (n = 10, 95 % CI 7.3- n/a). Unfortunately, patient #4
who received R1 resection, passed away one-month post-surgery
due to a general deterioration associated with the discovery of
distant brain metastasis.

4. Discussion

Herein, we describe a cohort of patients with extremity RMS
who did not receive RT as part of their local control with only one
patient experiencing a local recurrence. All patients received an
oncological resection by a specialized orthopedic oncologist (SH) in
a high-volume pediatric sarcoma center.

The treatment plan for RMS patients across all age groups
typically entails a multimodal approach, incorporating various
therapies. The convergence between North American and European
approaches for managing RMS is evident in their mutual consensus,
emphasizing the imperative adoption of multimodality therapy and

underscoring the critical aspect of local control [1]. However, some
differences do exist between these two approaches.

Traditionally, RT has played a crucial role in achieving local
control in the majority of pediatric RMS cases, particularly those
involving FOXO1 fusions [1,2,6,15,24—29]. Yechieli et al. [1] in their
comprehensive review of North American and European ap-
proaches to RMS management, highlight the standardized use of RT
within the Childrens Oncology Group (COG) framework. According
to the guidelines set by the North American (COG), if a patient re-
ceives chemotherapy prior to complete resection, this patient is
staged as ‘group III' mandating RT to decrease risk of local recur-
rence [1,16]. Even if upfront resection is possible, patients with
alveolar histology or FOXO1 positive disease are prescribed RT due
to observed benefits [1,15,16]. Likewise, in the European Pediatric
Soft Tissue Sarcoma Group Study (EpSSG RMS 2005) and the In-
ternational Society of Paediatric Oncology (SIOP), primary tumor
site-directed RT is recommended for the majority of patients, with
notable exceptions favoring surgical resection. This inclination is
particularly pronounced for individuals in high-risk and very high-
risk groups, as well as a substantial portion of standard-risk
patients.

Nevertheless, the utilization of RT remains a subject of ongoing
global debate, particularly in instances where comprehensive sur-
gical resection has already occurred. This hesitancy stems from
concerns regarding potential long-term adverse effects on cancer
survivors, as RT is linked to a five-fold higher risk of
developing > two or more chronic health conditions in these in-
dividuals [21,29]. Consequently, there is a persistent quest for an
effective stratification formula to precisely identify patients for
whom the omission of RT is not only safe but also does not increase
risk of recurrence [10,17]. Noteworthy, findings from EpSSG studies
reveal comparable OS among select patients who did not receive
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RT, in contrast to COG studies where RT was administered [16,18].
Furthermore, recent (2023) work by Koscielniak et al. [17],
demonstrated that a small proportion of nonirradiated patients,
who met current standards for RT, survived without relapse. The
accumulating data underscores the crucial need for refining treat-
ment strategies based on careful consideration and individualized
approaches in deciding between RT and surgical intervention for
pediatric RMS patients.

Focusing specifically on extremity-originating RMS, these cases
are inherently classified as high-risk sites [6,7,30] and are associated
with a suboptimal prognosis. Moreover, as shown also in our cohort,
extremity sites frequently exhibit additional poor prognostic factors
[31,32]. Yet, there is a significant lack of published data guiding the
appropriate use of RT in extremity RMS cases. This gap emphasizes
the critical necessity for real-world data and, further research and
clarity in managing this specific subset of patients.

In a recent study by Zhu et al. [6], a prognostic stratification
model for extremity RMS was developed using the U.S. Surveil-
lance, Epidemiology, and End Results (SEER) registry data. The
study highlighted that those patients undergoing surgery alone
experienced poorer survival outcomes than those who underwent
a combination of surgery and RT. However, this advantage dimin-
ished in high-risk disease patients, suggesting joint utilization only
for those with a higher probability of 5-year survival. Conversely, a
more aggressive approach with both surgery and RT was discour-
aged for lower 5-year survival likelihood. Among high-risk patients,
the study proposed a secondary role for local interventions, prior-
itizing efforts to minimize hindrances to systemic therapy. Aligning
with previous studies [6,25—27,32], this research highlighted the
importance of considering factors such as RMS subtype, tumor
location, translocation/fusion status, extent of resection, LN
involvement, and post-surgery residual tumor when tailoring local
treatment strategies for pediatric RMS patients [Table 1].

Moreover, despite a significantly higher rate in the utilization of
RT in EpSSG-RMS2005 compared with the previous SIOP-MMT95
and MMTB89 studies, there was no difference in survival nor rate of
locoregional relapse [10]. Remarkably, the most substantial im-
provements in both survival and relapse rates were noted when
comparing the SIOP MMT95 and MMT89 studies with the height-
ened prominence of primary surgery in MMT95, despite compa-
rable RT delivery. This observation suggests a crucial role for
surgery in disease control, aligning with the advocacy in a prior
study by Borinstein et al., [28].

In their study, Borinstein et al. recommended a careful evalua-
tion of local control options at the time of diagnosis, emphasizing
the desirability of achieving complete resection of the primary
tumor with minimal morbidity and negative microscopic margins.
Furthermore, the authors recommended considering a second-look
surgery in select specific cases involving post-resection residual
disease or positive margins, potentially obviating the need for
adjuvant RT [28]. This comprehensive approach emphasizes the
importance of individualized strategies in treating extremity RMS,
balancing surgery and adjuvant therapies to optimize outcomes.

The primary objective of the current study was to deepen our
understanding of the consequences associated with the absence of
adjuvant RT to primary disease in a specific subset of pediatric
patients with extremity RMS. At our center, we often use a hybrid
approach that integrates treatment practices from both North
America and Europe for sarcoma and other solid tumors. However,
this study reflects the specific experience of SickKids, where our
general approach is to avoid offering both surgery and radiotherapy
(RT) for rhabdomyosarcoma (RMS). We prioritize surgery if an RO
resection is feasible, reserving RT only for cases where surgery is
not viable. In our cohort six patients were categorized as Group III,
who, according to common North America 'per protocol' approach

would have been offered RT for local control. Yet, these patients
exclusively underwent surgical resection as the sole local therapy
(including those with FOXO1 fusion), highlighting the unique
circumstance where adjuvant RT was not administered, without
increasing local failure. Each patient in this cohort exhibited at least
one additional risk factor beyond the 'Tumor site' parameter. These
less favorable risk factors include young age, FOXO1 fusion posi-
tivity, anaplasia, and a higher clinical stage at the time of diagnosis
[6,32—34]. Finally, two of our patients were confirmed to have a
germline TP53 mutation (LFS). Both had tumors negative for FOXO1
fusions and associated with either focal or diffuse anaplasia.

In conclusion, our study revealed that despite the absence of
adjuvant RT to the primary tumor site, 90 % of patients did not have
a local failure and the single patient with local failure was subse-
quently salvaged with RT and further chemotherapy. We recognize
that our findings may not be transferrable to all pediatric oncology
centers. The safety of implementing this practice in a cooperative
group setting, where patients are treated at low-volume centers,
remains uncertain. However, the notion that patients with fusion
positive extremity RMS can be free of local failure without RT is
extremely novel, hypothesis generating and deserving of further
analysis in a cooperative group setting among centers with ortho-
pedic oncology expertise.
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