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Abstract
Purpose: The current recommended practice for pediatric patients with metastatic
rhabdomyosarcoma includes full-dose radiotherapy to each metastatic site. We wished to
question this practice, which can cause side-effects and is often logistically challenging, by
studying the pattern of failure in our pediatric and teenage patient population.

Methods and Materials: Our institution's cancer registry was queried for patients diagnosed
with rhabdomyosarcoma aged 18 or less from January 1990 until January 2014. Twenty-nine
patients were found and, of these, six had metastatic disease. Five of the six were treated with
standard chemotherapy together with radiotherapy to the primary and metastatic sites with
doses and fractionation according to the site. Progression-free survival was calculated from the
end of radiotherapy until radiological or pathological evidence of disease progression or death.

Results: Median age was 13 years (range: 12-18). Three were girls. All had alveolar histology
and unfavorable primary sites. Twelve metastatic sites were treated with radiotherapy. Doses
used were 41.4 - 50.4 Gy in 1.8 Gy fractions for most sites, and 15 Gy in 1.5 Gy fractions for
whole lung radiotherapy. The median number of sites treated per patient was two (range: 1 - 6).
Median time to progression was 10.1 months (range: 1.9 - 15.7). Local control was 100% for all
metastatic sites. Median overall survival (OS) was 31.8 months (range: 20.4 – 95.4 months).
Three patients developed progressive disease outside the treated field. One patient died from a
secondary hematological malignancy without evidence of disease progression. One patient
remains progression-free at 88.6 months post-radiotherapy.

Conclusions: Radiotherapy to metastatic disease sites prevented in-field progression in all five
patients with metastatic alveolar rhabdomyosarcoma. However, failure at sites outside of the
radiotherapy volume occurred in three of five of patients and overall survival was very poor
despite aggressive treatment to all sites of disease. Radiotherapy has a role in metastatic
disease, although future studies evaluating dose and fractionation are needed.
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Introduction
Rhabdomyosarcoma (RMS) is the most common soft-tissue sarcoma in the pediatric and
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adolescent age group. Although survival for patients with limited stage RMS has improved
significantly over the past 20-30 years, the same is not true for the 15% of patients who present
with metastatic disease [1]. Children with limited stage disease have a five-year overall survival
(OS) of 70% compared to 30% for those with metastases [1-2]. 

Treatment for patients presenting with metastases consists of intensified chemotherapy,
together with radiotherapy (RT) or surgery to the primary site and radical dose of RT to all
metastatic sites. This has been the standard in the Intergroup Rhabdomyosarcoma Study Group
(IRSG) studies since 1972. While some of these studies have explored the timing of RT, no study
– IRSG or other – has challenged the need for a curative dose of RT to all metastatic sites. Given
the fact that such treatment may cause significant acute side-effects as well as the logistical
challenges, we analyzed our experience with control at metastatic sites after such treatment. 

Materials And Methods
After ethics approval from the McGill University Health Centre Institutional Review Board, we
queried our institution’s cancer registry for patients aged 0-18 years diagnosed with metastatic
RMS from January 1990 until January 2014. Informed consent was waived for this study. Local
control (LC) was assessed retrospectively on follow-up imaging studies, including computed
tomography (CT) scan, magnetic resonance imaging (MRI), and fluorodeoxyglucose-PET (FDG-
PET). Imaging was performed to assess the post-treatment response and control at metastatic
sites. Progression-free survival was calculated from the end of radiotherapy until radiological or
pathological evidence of disease progression or death. Overall survival was calculated using the
Kaplan-Meier method.

Results
Six patients with metastatic RMS were identified. One child was excluded as he received only
palliative RT. Patient characteristics and treatment details are given in Table 1. Median age at
diagnosis was 13.8 years (range: 12.1 - 18.0 years). Primary tumor location was unfavorable for
all (extremities, nasopharynx, and chest wall). The pathology for all patients was alveolar RMS.
There were 14 metastatic sites at presentation, with a median of two sites per patient (range: 1
- 6 sites). No patient had bone marrow involvement at diagnosis.
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Case Sex Age Primary
Site Metastatic Sites

Metastatic Sites and
Doses (Total Dose
(Dose Per Rraction))

Failure Sites
Time to
Progression
(Months)

1 M 18 Hand 1. T9 vertebra 2. Axillary
lymph nodes (LN)

1. Axilla:  50.4 Gy (1.8) 2.
T9:  45 Gy (1.8)

Liver Para-
aortic LN
Calvarium
Sternum

15.5

2 F 13 Foot

1. Popliteal LN 2. Inguinal
LN 3. Iliac LN 4.
Paraaortic LN 5. Breast
(surgically resected) 6.
Bone (axial skeleton)

1. Popliteal LN: 41.4 Gy 
(1.8) 2. Inguinal LN: 36
Gy (1.8) 3. Iliac LN: 36
Gy (1.8) 4. Paraaortic
LN: 36 Gy (1.8)

Abdominal
wall Breast
Brain Spine

2

3 M 12 Naso-
pharynx 1. Lungs 1. Whole lung – 15 Gy

(1.5) none

n/a (died from
AML, no
evidence of
RMS at death
14 months
post-RT)

4 F 16 Hand 1. Axillary LN 2. Internal
mammary LN

1. Axillary LN: 45 Gy
(1.8) 2. IMC: 45 Gy (1.8) none

n/a (no
evidence of
disease after
88 months)

5 F 13 Chest
wall

1. Mediastinal LN 2.
Lungs 3. Breast

1. Mediastinal LN: 41.4
Gy (1.8) 2. Whole lung:
15 Gy (1.5)

Flank
(contralateral)
Extensive
abdomino-
peritoneal
disease

6

TABLE 1: Characteristics, treatment details, and outcomes for the five patients
included in the analysis

All patients were treated on or as per the recent Children's Oncology Group (COG) protocol and
received multiagent chemotherapy. Three received vincristine, doxorubicin, and
cyclophosphamide with etoposide and ifosfamide. Two received vincristine, actinomycin D, and
cyclophosphamide, one with and one without irinotecan. The timing of local treatment and of
metastatic sites was as per protocol. Four patients had definitive RT to the primary site and one
had RT after surgery. Two metastatic sites in the breast were surgically resected. The remaining
12 sites treated with RT included lymph node regions (7), bone (3), and lung (2). RT was given
to each site irrespective of chemotherapy response, although treatment volume and dose were
adjusted according to residual disease. No patients progressed on chemotherapy prior to
receiving RT. Two patients received whole-lung RT to 15 Gy. One had no residual pulmonary
disease post-chemotherapy, and the other had a significant response with only a few
millimetric lesions remaining. The median dose of radiotherapy to other sites of metastatic
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disease was 41.4 Gy (range: 36 to 50.4 Gy).

Median OS was 31.8 months (range: 20.4 – 95.4 months). One patient died from treatment-
related acute myeloid leukemia (AML) at 20.4 months without recurrence of RMS. A second
patient also developed AML. She underwent stem cell transplantation and shortly thereafter, at
37 months post-diagnosis of RMS, developed biopsy-proven recurrent RMS at other sites. One
patient is alive without evidence of disease after more than seven years. One patient failed at a
new site just outside the treated volume that consisted of bilateral lung fields treated to 15 Gy
with a boost to a right chest wall tumor bed and an epicardiophrenic mass to 45 Gy. The region
of failure in the left flank (contralateral to the primary tumor) had received a median dose of
5.7 Gy (range: 0.8 - 9.6 Gy). Median progression-free survival was 10.1 months (range: 1.9 –
15.7 months). Three patients had disease progression during the follow-up interval and died
from the disease. There were no in-field recurrences (100% LC).

Radiotherapy was well-tolerated with minimal acute side-effects, other than mild to moderate
fatigue, in all five patients. One patient experienced Grade IV skin toxicity at the primary site
(the hand). She recovered well and has had a good cosmetic and functional outcome in long-
term follow-up. The remaining patients had only Grade I or II skin toxicity.

Discussion
There has been no significant improvement in outcome for patients with metastatic RMS since
the beginning of multi-institution trials in North America and Europe despite intensified
chemotherapy and curative RT to metastatic sites. Based on available evidence, it remains
unclear whether aggressive treatment of metastatic sites is indeed beneficial to patients in
terms of survival and quality of life.

Aggressive local treatment to the primary tumor was shown in a retrospective analysis to
improve RMS outcomes, particularly with the use of multimodality therapy [3]. Data from
studies on Ewing’s sarcoma (ES) similarly demonstrate the importance of LC to the primary site
[4-5]. Although the use of whole lung radiotherapy is widely accepted due to its benefits in
patients with ES pulmonary metastases as well as RMS [6-7], few studies have specifically
examined LC at metastatic sites in RMS. In one series of 13 patients with metastatic ES or RMS,
LC for extrapulmonary metastases was 92% at five years, with only one failure during the
follow-up period [8]. Casey and colleagues retrospectively evaluated dose and efficacy for RT to
bone metastases in patients with RMS and ES [9]. They found 92% LC at metastatic sites, with
one failure out of 13 treated bony metastases amongst patients with RMS. They used a
variation of doses and fractionation regimes and determined that neither biologically
equivalent dose (BED) nor fractionation had an impact on LC. Their three-year event-free
survival and OS rates for patients with RMS were 33% and 45%, respectively. These findings are
similar for patients with metastatic ES. Hausler and colleagues, for example, report event-free
survival of 36% at three years for patients who received RT to local and metastatic sites versus
16% for those who did not. LC at metastatic sites in this study was not evaluated [4]. There are
no studies looking at the role of RT for metastatic sites in only patients with RMS.

This small series demonstrated excellent LC at both primary and metastatic sites. LC at the
primary site was better than in the third Intergroup Rhabdomyosarcoma Study (IRS-III) [10] and
fourth Intergroup Rhabdomyosarcoma Study (IRS-IV) [11], two large North American
cooperative group clinical trials, which reported 19% and 13% local failure, respectively, and LC
at metastatic sites exceeding 90%. Of note, LC at metastatic sites was achieved using doses
equal to and lower than 45 Gy for nine of the 10 extrapulmonary disease sites in our experience.
In some cases, we guided our dose selection using chemotherapy response on pre-radiotherapy
FDG-PET, which has been shown to predict outcomes in RMS [12-13].
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Our results are limited by the small number of patients included in this series. Due to the poor
prognosis of these patients and short observation interval after treatment, we were unable to
evaluate long-term control of radiotherapy to metastatic disease sites for four of the five
patients.

Nonetheless, it is evident that RT was effective in controlling local disease and aggressive
management of metastatic disease seems appropriate. However, the optimal dose and
fractionation have not been defined, and whether the local control benefit extends to an overall
survival benefit remains to be seen. There would be significant advantage to reducing the total
RT dose and number of fractions/treatment duration to metastatic sites in patients with RMS
since, when treating multiple sites, the duration of daily treatment and the four to six week
overall treatment time is taxing on the patient and his/her family as well as on the RT
department. Additionally, the risk of acute and long-term RT complications, including
functional outcomes and secondary malignancies, increases with increasing dose and may be
more relevant with patients with limited metastatic disease and excellent response to
treatment. Dose de-escalation based on response to chemotherapy and/or hypofractionation
could be considered in future trials with the goal of maintaining a high LC rate with the goal of
prolonging survival while hopefully improving the quality of life. 

Conclusions
Radiotherapy to metastatic disease sites prevented in-field progression at 12 metastatic sites in
five patients with metastatic alveolar rhabdomyosarcoma. In spite of this high rate of local
control, three patients had failure outside the treated fields and patient survival was very poor.
Radiotherapy is effective at locally controlling metastatic sites in this disease, but the optimal
dose and fractionation needs to be better defined.

Additional Information
Disclosures
Human subjects: Consent was obtained by all participants in this study. McGill University
Health Centre Institutional Review Board issued approval N/A. Animal subjects: All authors
have confirmed that this study did not involve animal subjects or tissue. Conflicts of interest:
In compliance with the ICMJE uniform disclosure form, all authors declare the following:
Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared
that they have no financial relationships at present or within the previous three years with any
organizations that might have an interest in the submitted work. Other relationships: All
authors have declared that there are no other relationships or activities that could appear to
have influenced the submitted work.

References
1. Breneman JC, Lyden E, Pappo AS, Link MP, Anderson JR, Parham DM, Qualman SJ, Wharam

MD, Donaldson SS, Maurer HM, Meyer WH, Baker KS, Paidas CN, Crist WM: Prognostic factors
and clinical outcomes in children and adolescents with metastatic rhabdomyosarcoma—A
report from the Intergroup Rhabdomyosarcoma Study IV. J Clin Oncol. 2003, 21:78–84.
10.1200/JCO.2003.06.129

2. Oberlin O, Rey A, Lyden E, Bisogno G, Stevens MC, Meyer WH, Carli M, Anderson JR:
Prognostic factors in metastatic rhabdomyosarcomas: Results of a pooled analysis from United
States and European �cooperative groups. J Clin Oncol. 2008, 26:2384–89.
10.1200/JCO.2007.14.7207

3. Ben Arush M, Minard-Colin V, Defachelles AS, Bergeron C, Algret N, Fasola S, Andre N,
Thebaud E, Corradini N, Bernier V, Martell H, Rachere D, Orbach D: Does aggressive local

2015 Skamene et al. Cureus 7(11): e388. DOI 10.7759/cureus.388 5 of 6

https://dx.doi.org/10.1200/JCO.2003.06.129
https://dx.doi.org/10.1200/JCO.2003.06.129
https://dx.doi.org/10.1200/JCO.2007.14.7207
https://dx.doi.org/10.1200/JCO.2007.14.7207
https://dx.doi.org/10.1016/j.ejca.2014.11.009


treatment have an impact on survival in children with metastatic rhabdomyosarcoma. Eur J
Cancer. 2015, 51:193–201. 10.1016/j.ejca.2014.11.009

4. Haeusler J, Ranft A, Boelling T, Gosheger G, Braun-Munzinger G, Vieth V, Burdach S, van den
Berg H, Juergens H, Dirksen U: The value of local treatment in patients with primary,
disseminated, multifocal Ewing sarcoma (PDMES). Cancer. 2010, 116:443–50.
10.1002/cncr.24740

5. Paulino AC, Mai WY, Teh BS: Radiotherapy in metastatic Ewing sarcoma . Am J Clin Oncol.
2013, 36:283–86. 10.1097/COC.0b013e3182467ede

6. Rodeberg D, Arndt C, Breneman J, Lyden E, Donaldson S, Paidas C, Andrassy R, Meyer W,
Wiener E: Characteristics and outcomes of rhabdomyosarcoma patients with isolated lung
metastases from IRS-IV. J Pediatr Surg. 2005, 40:256–62. 10.1016/j.jpedsurg.2004.09.045

7. Bölling T, Schuck A, Paulussen M, Dirksen U, Ranft A, Könemann S, Dunst J, Willich N,
Jürgens H: Whole lung irradiation in patients with exclusively pulmonary metastases of
Ewing tumors. Toxicity analysis and treatment results of the EICESS-92 trial. Strahlenther
Onkol. 2008, 184:193–97. 10.1007/s00066-008-1810-x

8. Liu AK, Stinauer M, Albano E, Greffe B, Tello T, Maloney K: Local control of metastatic sites
with radiation therapy in metastatic Ewing sarcoma and rhabdomyosarcoma. Pediatr Blood
Cancer. 2011, 57:169–71. 10.1002/pbc.23063

9. Casey DL, Wexler LH, Meyers PA, Magnan H, Chou AJ, Wolden SL: Radiation for bone
metastases in Ewing sarcoma and rhabdomyosarcoma. Pediatr Blood Cancer. 2015, 62:445–49.
10.1002/pbc.25294

10. Wharam MD, Meza J, Anderson J, Breneman JC, Donaldson SS, Fitzgerald TJ, Michalski J, Teot
LA, Wiener ES, Meyer WH: Failure pattern and factors predictive of local failure in
rhabdomyosarcoma: A report of group III patients on the third Intergroup
Rhabdomyosarcoma Study. J Clin Oncol. 2004, 22:1902–8. 10.1200/JCO.2004.08.124

11. Donaldson SS, Meza J, Breneman JC, Crist WM, Laurie F, Qualman SJ, Wharam M; Children's
Oncology Group Soft Tissue Sarcoma Committee (formerly Intergroup Rhabdomyosarcoma
Group) representing the Children's Oncology Group and the Quality Assurance Review Center:
Results from the IRS-IV randomized trial of hyperfractionated radiotherapy in children with
rhabdomyosarcoma–a report from the IRSG. Int J Radiat Oncol Biol Phys. 2001, 51:718–28.
10.1016/S0360-3016(01)01709-6

12. Dharmarajan KV, Wexler LH, Gavane S, Fox JJ, Schoder H, Tom AK, Price AN, Meyers PA,
Wolden SL: Positron emission tomography (PET) evaluation after initial chemotherapy and
radiation therapy predicts local control in rhabdomyosarcoma. Int J Radiat Oncol Biol Phys.
2012, 84:996–1002. 10.1016/j.ijrobp.2012.01.077

13. Casey DL, Wexler LH, Fox JJ, Dharmarajan KV, Schoder H, Price AN, Wolden SL: Predicting
outcome in patients with rhabdomyosarcoma: role of [(18)f]fluorodeoxyglucose positron
emission tomography. Int J Radiat Oncol Biol Phys. 2014, 90:1136–42.
10.1016/j.ijrobp.2014.08.005

2015 Skamene et al. Cureus 7(11): e388. DOI 10.7759/cureus.388 6 of 6

https://dx.doi.org/10.1016/j.ejca.2014.11.009
https://dx.doi.org/10.1002/cncr.24740
https://dx.doi.org/10.1002/cncr.24740
https://dx.doi.org/10.1097/COC.0b013e3182467ede
https://dx.doi.org/10.1097/COC.0b013e3182467ede
https://dx.doi.org/10.1016/j.jpedsurg.2004.09.045
https://dx.doi.org/10.1016/j.jpedsurg.2004.09.045
https://dx.doi.org/10.1007/s00066-008-1810-x
https://dx.doi.org/10.1007/s00066-008-1810-x
https://dx.doi.org/10.1002/pbc.23063
https://dx.doi.org/10.1002/pbc.23063
https://dx.doi.org/10.1002/pbc.25294
https://dx.doi.org/10.1002/pbc.25294
https://dx.doi.org/10.1200/JCO.2004.08.124
https://dx.doi.org/10.1200/JCO.2004.08.124
https://dx.doi.org/10.1016/S0360-3016(01)01709-6
https://dx.doi.org/10.1016/S0360-3016(01)01709-6
https://dx.doi.org/10.1016/j.ijrobp.2012.01.077
https://dx.doi.org/10.1016/j.ijrobp.2012.01.077
https://dx.doi.org/10.1016/j.ijrobp.2014.08.005
https://dx.doi.org/10.1016/j.ijrobp.2014.08.005

	Radiotherapy is Important for Local Control at Primary and Metastatic Sites in Pediatric Rhabdomyosarcoma
	Abstract
	Introduction
	Materials And Methods
	Results
	TABLE 1: Characteristics, treatment details, and outcomes for the five patients included in the analysis

	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


